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Level 1
1

Statement of subject matter and purpose for which this report has been prepared and background
information on the application

1.1

Context in which the renewal assessment report was prepared

1.1.1

Purpose for which the renewal assessment report was prepared

Benfluralin is already an approved substance under Commission Regulation (EC) No. 1107/2009. This renewal
assessment report (RAR) was prepared to evaluate the dossier submitted to support the renewal of the approval of
benfluralin.

Gowan Crop Protection Limited, on behalf of Gowan Crop Protection Limited and Finchimica S.p.A., submitted
an application and a dossier to support the renewal of the approval of benfluralin. This was in accordance with
Commission Regulation (EU) 844/2012 of 18 September 2012 setting out the provisions necessary for the
implementation of the renewal procedure for active substances, as provided for in Regulation (EC) No 1107/2009.
Norway, acting as the RMS, evaluated all aspects of the renewal dossiers via a Renewal Assessment Report
(RAR).

This RAR provides a discussion of relevant studies submitted for the original EU evaluation for Annex I inclusion
as well as relevant new studies and information generated since the Annex I inclusion of benfluralin in 2009.
Where necessary, studies submitted for the original EU evaluation for Annex I inclusion have been re-evaluated to
allow risk assessment along current standards, and to validate previous conclusions and/or calculations.

1.1.2

Arrangements between rapporteur Member State and co-rapporteur Member State

The Netherlands, acting as Co-RMS, agreed to review the RAR before the submission to the Commission and
EFSA.

1.1.3

EU Regulatory history for use in Plant Protection Products

Benfluralin was included in Annex I of EU Council Directive 91/414/EEC on 1st March 2009 (Commission
Directive 2008/108/EC of 26 November 2008). The Commission presented a Review Report (SANCO/122/2008Final 20 May 2008) in support to the consideration of Annex I inclusion. EFSA sent to the Commission its
conclusion regarding the peer review of the pesticide risk assessment of the active substance benfluralin (finalised
3 March 2008). Dow Agrosciences was the sole data submitter in support of Annex I inclusion. Belgium acted as
Rapporteur Member State (RMS). Confirmatory data to be submitted after the inclusion in Annex I of EU Council

RMS: NO
Co-RMS: NL

-6Benfluralin
Volume 1

Directive 91/414/EEC was further studies on rotational crops metabolism and studies to confirm the risk
assessment for metabolite B12 and for aquatic organisms. On 28 September 2012 the Standing Committee on the
Food Chain and Animal Health took note of the revision of the review report after the assessment of the
confirmatory data and on the basis of the EFSA conclusion on the peer review of confirmatory data related to
rotational crop metabolism. The conclusions of the original risk assessment were not substantially modified by the
evaluation of the submitted confirmatory data.

Benfluralin was (and is currently) approved under Commission Regulation (EC) No. 1107/2009 (repealing
Council Directive 91/414/EEC) via Commission Implementing Regulation (EU) No. 540/2011 of 25th May 2011.

EFSA has published a Reasoned opinion on the review of the existing maximum residue levels (MRLs) for
benfluralin according to Article 12 of Regulation (EC) No 396/2005 (EFSA Journal 2013; 11(6): 3278).

1.1.4

Evaluations carried out under other regulatory contexts

The RMS is not aware of any other relevant EU-evaluations of benfluralin carried out in the framework of other
relevant EU-legislation (e.g. biocides, flavourings, food additives, cosmetics).

Benfluralin was not included in the Inventory of Evaluations performed by the Joint Meeting on Pesticide
Residues (JMPR).

The RMS did not find any recent (less than 5 years old) evaluation of benfluralin from EPA (USA) or PMRA
(Canada).

1.2

Applicant(s) information

1.2.1

Name and address of applicant(s) for approval of the active substance

Gowan Crop Protection Ltd
Highlands House
Basingstoke Road
Spencers Wood
Reading
RG7 1NT
UK

Contact:
Tel :
Email:

Finchimica S.p.A.
15, Via F.lli Beltrami
20026 Novate Milanese (MI)
Italy

Contact:
Tel :
Email:

1.2.2

Producer or producers of the active substance

Same as in Section 1.2.1.
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Location of plants: See Annex C, Volume 4 to this RAR.
1.2.3

Information relating to the collective provision of dossiers

There are two applicants for approval of benfluralin, Gowan Crop Protection Limited and Finchimica S.p.A. The
applicants have presented a common dossier and are co-applicants, co-producers and co-owners of the submission
and the data.

1.3

Identity of the active substance

1.3.1

Common name proposed or ISO-accepted and synonyms

1.3.2

1.3.3

ISO-accepted:

Benfluralin (ISO 1750 published)

Synonyms:

benefin, balan, binnell, benephin, flubalex, benthrodine, benefex

Chemical name (IUPAC and CA nomenclature)
IUPAC nomenclature:

N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-p-toluidine

CA nomenclature:

N-butyl-N-ethyl-2,6-dinitro-4-(trifluoromethyl)-benzenamine

Producer's development code numbers
Code No :

1.3.4

1.3.5

EL-110, LY 54521

CAS, EC and CIPAC numbers
CAS No:

1861-40-1

EC No:

217-465-2

ELINCS No:

Not applicable

CIPAC No:

285

Molecular and structural formulae, molecular mass
Molecular formula:

C13H16F3N3O4

Molecular mass:

335.3 g/mol

Structural formula:
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1.3.6

Method of manufacture (synthesis pathway) of the active substance

See Confidential Annex C, Volume 4, to this RAR.

1.3.7

Specification of purity of the active substance in g/kg

Min. 960 g/kg (industrial scale production)
No FAO specification exists for Benfluralin.

1.3.8

Identity and content of additives (such as stabilisers) and impurities

1.3.8.1

Additives

See Confidential Annex C, Volume 4, to this RAR.

1.3.8.2

Significant impurities

See Confidential Annex C, Volume 4, to this RAR.

1.3.8.3

Relevant impurities

See Confidential Annex C, Volume 4, to this RAR.

1.3.9

Analytical profile of batches

See Confidential Annex C, Volume 4, to this RAR.

1.4

Information on the plant protection product

1.4.1

Applicant

See Section 1.2.1 and 1.2.3.
1.4.2

Producer of the plant protection product

Same as in Section 1.2.1.
Location of plants: See Annex C, Volume 4 to this RAR.
1.4.3

Trade name or proposed trade name and producer's development code number of the plant
protection product
Trade name:

Bonalan

Code number:

EF-1533
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1.4.4

Detailed quantitative and qualitative information on the composition of the plant protection
product

1.4.4.1

Composition of the plant protection product

See Confidential Annex C, Volume 4, to this RAR.

1.4.4.2

Information on the active substances
ISO-accepted:

Benfluralin (ISO 1750 published)

CAS No:

1861-40-1

EC No:

217-465-2

CIPAC No:

285

Salt, ester, etc.:

Benfluralin do not exist in other variants

Active substance

Declared content

FAO limits (min-max)

Benfluralin

180 g/L (19.1 %)

169.2 - 190.8 g/L (± 6 %)

Technical content
187.5 g/L *

(19.9 % w/w) **

* Based on the minimum purity of content of the active substance for registration declared in the Annex II dossiers: 960 g/kg (96.0 %)

1.4.4.3

Information on safeners, synergists and co-formulants

See Confidential Annex C, Volume 4, to this RAR.

1.4.5

Type and code of the plant protection product

Emulsifiable Concentrate [Code: EC]

1.4.6

Function

Benfluralin is a dinitroaniline (DNA) herbicide. In common with all other DNA herbicides, benfluralin is used
pre-emergence and controls weeds by preventing growth. Benfluralin is not effective post-emergence.

1.4.7

Field of use envisaged

Benfluralin is used as an herbicide to control a wide spectrum of grass- and broad-leaved plant species in
agricultural and horticultural crops. Details of the fields of used are given on an example label for Belgium which
can be found in Document C (in French and Dutch language) and an Irish label (in English). For other countries
there are some other crops registered, see point 1.5.4.

1.4.8

Effects on harmful organisms

Contact action.

RMS: NO
Co-RMS: NL

- 10 Benfluralin
Volume 1

In practice, sensitive weed seedlings treated with benfluralin often do not emerge. Benfluralin inhibits mitotic cell
division in the tips of roots and shoots. When only roots are exposed to benfluralin, seedlings may emerge but
their development is eventually prevented as a result of severe root injury. However, depending on the species
and dose of benfluralin applied, a variety of secondary symptoms may develop. These include the following:

Roots


Root hairs and lateral roots do not form.



Primary roots that develop are thickened and stubby with an increase in diameter or swelling near the tip.

Shoots


Shoot elongation is inhibited.



Hypocotyl becomes thickened (broad-leaved weeds).



Stems become enlarged and exhibit callus-like growth, stem brittleness and lodging (broad-leaved weeds).



Foliage becomes dark green or purple (this may be caused by phosphorus deficiency since benfluralin reduces
root growth and thus limits the plant’s ability to take up phosphorus from the soil).

These secondary symptoms are often slow to develop. Seedlings that emerge may not be fully controlled but they
are often non-competitive and very susceptible to cultivation due to their inhibited root system.

Translocation
Benfluralin is incorporated into the soil to protect it from degradation by sunlight. Once incorporated, benfluralin
is among the least mobile herbicides and this limits its bioavailability for plant uptake. Benfluralin in solution
does not move towards the plant; roots and shoots come into contact with benfluralin as they grow and develop in
the treated soil.

Vapour is the primary form of benfluralin that contacts and enters plants. Benfluralin vapour diffuses through the
soil and may travel approximately 1 cm from the placement point. Since benfluralin vapour travels in all
directions, the active substance comes into contact with all plant roots and shoots and this provides even and
consistent weed control.

Several factors may influence the bioavailability of benfluralin to the plant, and this in turn affects plant uptake.
These factors include soil moisture, soil texture, organic matter content, temperature and herbicide dissipation.

Benfluralin comes into close contact with the shoot and root meristems (where cell division takes place) through
soil incorporation and vapour action. In roots, meristems are located at the root tips and along the sides of lateral
bud roots. In shoots of broad-leaved weeds, the meristem is located at the base of the cotyledons. In shoots of
grasses, the meristem is wrapped inside the developing leaves.
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Benfluralin is practically immobile in plants but translocation is not necessary for benfluralin to come into contact
with the shoot and root meristems and inhibit cell division. As benfluralin does not translocate, root-only
exposure often inhibits root growth without affecting shoot growth.

Harmful organisms against which protection is afforded
Due to its mode of action, benfluralin only controls annual weeds. Efficacy against perennial weeds is considered
to be negligible, except for seedlings of some perennial species.

Main harmful organisms controlled (when benfluralin is mechanically incorporated into the soil):

Highly susceptible weeds (about 90-100% control)


Grasses: - Alopecurus myosuroides, Apera spica venti, Cenchrus spp, Dactylis glomerata, Digitaria
sanguinalis, Echinochloa colonum, Echinochloa crus-galli, Lolium multiflorum, Lolium perenne, Panicum
spp, Poa annua, Poa trivalis, Setaria glauca, Setaria verticillata, Setaria viridis



Broad-leaved weeds: - Amaranthus retroflexus, Anagallis arvensis, Atriplex patula, Chenopodium album,
Mollugo verticillata, Myosotis arvensis, Papaver rhoeas, Polygonum aviculare, Portulaca oleracea, Stellaria
media, Veronica hederaefolia, Veronica persica

Moderately susceptible weeds (about 75-90% control)


Grasses: - Avena fatua (if seeds germinate within zone of benfluralin incorporation), Avena ludoviciana (if
seeds germinate within zone of benfluralin incorporation), Sorgum halepense (if seeds germinate within zone
of benfluralin incorporation)



Broad-leaved weeds: - Galium aparine, Lamium amplexicaule, Lamium purpureum, Polygonum
lapathifolium, Polygonum persicaria, Ranunculus arvensis, Viola arvensis

Benfluralin activity may be reduced in soils with very high organic matter content (more than 5%).

Benfluralin has little or no activity against weeds in the following botanical families: Compositae, Cruciferae,
Solanaceae, Malvaceae, Umbelliferae, Cyperaceae and Fabaceae.
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1.5

Detailed uses of the plant protection product

1.5.1

Details of representative uses

PPP (product name/code)
active substance 1

EF-1533
Benfluralin

Formulation type:
Conc. of as 1:

Applicant:

Gowan Crop Protection Ltd

professional use
non professional use

Zone(s):

Central, Southern

Emulsifiable concentrate
180 g/L

Verified by MS: j/n
1

UseNo.

2

Zone(s)

3

Crop and/
or situation
(crop destination /
purpose of crop)

1

CZ, SZ

Chicory Cichorium
endivia (chicon / endive
production)

4

F
G
or
I

F

Industrial Chicory
Cichorium intybus
(“coffee”, fructose, inulin
production)

2

CZ, SZ

Lettuce

F

5

Pests or Group of pests
controlled
(additionally:
developmental stages of
the pest or pest group)

6

7

8

10

Application
Method /
Kind

Timing / Growth
stage of crop &
season

11

12

Application rate
L product / ha

Max. number
(min. interval
between
applications)

a) max. rate per
appl.

8

Annula weed and
seedlings of some
perennial weeds (grasses
and dicots)

Boom
Pre-sowing
sprayer
application
followed by
mechanical
incorporati
on in soil

1

Annula weed and
seedlings of some
perennial weeds (grasses
and dicots)

Boom
Pre-sowing or presprayer
planting
application
followed by
mechanical
incorporati
on in soil

1

g as/ha
a) max. rate
per appl.

Water L/ha
min / max

13

Remarks:
PHI
(days)
e.g. safener/synergist per ha
e.g. recommended or mandatory tank
mixtures

b) max. total rate b) max. total
per crop/season rate per
crop/season
a) 1440

200 – 400

-

200 - 400

-

b) 1440

8

a) 1440
b) 1440

14
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1.5.2

Further information on representative uses

The product should be incorporated in the soil after spraying to 5-10 cm soil depth with suitable tillage equipment
according to the document MCP, section 3, Data on application, CP 3.5 and CP 3.6).

Minimum waiting periods or other precautions between last application and sowing or planting succeeding
crops to avoid phytotoxic effects on succeeding crops:
As benfluralin is a residual herbicide, it may potentially have an effect on seedlings of susceptible species grown
in rotation after application to the target crop. Experience of 35+ years of benfluralin use in the EU has enabled
safe intervals between benfluralin application and sowing a following crop to be defined. These levels are given
in the table below:

Rotational crop

Safe interval (months) between benfluralin
application and sowing a rotational crop

Sugar beet, oat, spinach

101

Maize, sorghum

81

Durum wheat

71

Soft wheat, barley, ryegrass

51

Potato

21

Flax, carrot, tomato, lentil

1

Alfalfa, beans and broad beans, cabbage, celery,

0

chicory, clover, cotton, fennel, garlic, lettuce (including
lamb’s lettuce), melon, oilseed rape, onion, orchards,
peas (culinary and fodder peas), peanut, salsify (black
salsify), soybean, sunflower, tobacco, turnip, vines
1 Mean

values for Europe. These periods may be slightly reduced in soil ploughed before sowing the succeeding crop (by approximately 4 to 6

weeks). Also, in certain conditions which could reduce the benfluralin degradation rate such as cold weather in Northern European countries or
drought in Mediterranean countries, these values may be slightly longer (by approximately 4 to 6 weeks). Local advice is given to customers
through labels, leaflets etc.

However, it should be noted that the above information is only based on phytotoxicy. In Vol 3, B.7.6 Residues in
rotational crops, the RMS has concluded that further data on rotational crops is required to address the nature of
residues of befluralin in rotational crops due to a number of diviations from the current guideline (OECD
Guideline 502) in the available metabolism study in rotational crops.

Limitations on choice of succeeding crops:
See Table above.
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1.5.3

Details of other uses applied for to support the setting of MRLs for uses beyond the
representative uses

Not relevant.

1.5.4

Overview on authorisations in EU Member States

Overveiw on authorisations of benfluralin (product EF-1533 in the EU Member States is given in Table 1.5-1.

Table 1.5-1. Registered uses in EU Member States of EF-1533 (Bonalan).

Country

Since

Reg. No.

Product

Maximum

Maximum

individual dose

number of

(kg a.s./ha)

treatments

1.44

1

1.44

1

Peas

1.44

1

Green beans

1.44

1

Salsify/Scorzonera

1.44

1

Lettuce

1.44

1

Alfalfa

1.44

1

Cabbage

1.08

1

Field beans

1.08

1

1.44

1

1.44

1

Peas

1.44

1

Salsify/Scorzonera

1.44

1

Green beans

1.44

1

Alfalfa

1.44

1

1.44

1

1.44

1

Crop(s)

Witloof Chicory (chicon /
endive production)
Industrial Chicory
(‘coffee’, fructose, inulin
production)
Belgium

~ 1976

7186P/B

Bonalan

Witloof Chicory (chicon /
endive production)
Industrial Chicory
(‘coffee’, fructose, inulin
France

~ 1972

7100280

Bonalan

production)

Witloof Chicory (chicon /
Greece

08-04-2013

70036

Bonalan

endive production)
Peas

RMS: NO
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Country

Since

Reg. No.

Product

Maximum

Maximum

individual dose

number of

(kg a.s./ha)

treatments

Green beans

1.44

1

Lettuce

1.44

1

1.44

1

Lettuce

1.44

1

Alfalfa

1.44

1

Tobacco

1.44

1

Clover

1.44

1

Peanut

1.44

1

Rocket salad

1.44

1

1.44

1

1.44

1

Peas

1.44

1

Green beans

1.44

1

Salsify/Scorzonera

1.44

1

Lettuce

1.44

1

Field beans

1.08

1

Lettuce

1.44

1

Alfalfa

1.44

1

Tobacco

1.44

1

Garlic

1.44

1

Lentil

1.08

1

Crop(s)

Witloof Chicory (chicon /
endive production)

Italy

23-10-1976

2353

Bonalan

Witloof Chicory (chicon /
endive production)
Industrial Chicory
(‘coffee’, fructose, inulin
production)
Netherlands

Spain

14-02-2014

21-12-1974

14303N

11565

Bonalan

Bonalan

RMS: NO
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Level 2
2

Summary of active substance hazard and of product risk assessment

2.1

Identity

2.1.1

Summary of identity

The identity of benfluralin is summarized in Level 1, Section 1.3.
The minimum purity following renewal is kept at 960 g/kg. The source (full-scale production) for renewal and
first inclusion is the same, however the purity profile has been changed and an assessment of equivalence has been
performed. The new specification has not been found equivalent to the reference specification based on a Tier I
and II assessment. See Confidential Annex C, Volume 4, to this RAR.

2.2

Physical and chemical properties

2.2.1

Summary of physical and chemical properties of the active substance

Pure benfluralin is a yellow to orange coloured crystalline solid, it has a melting point of 66.4 °C, and
decomposition/volatilization is observed beginning at 205 °C. Its vapour pressure (1.73 × 10-3 Pa at 20 °C) and
Henry's law constant (9.5 Pa×m3×mol-1 at 20 °C) indicate that Benfluralin is medium volatile. The solubility of
benfluralin in water is very low (0.065 mg/L) and its solubility in organic solvents ranges from 23 g/L to > 250
g/L. Surface tension is not an issue (water solubility < 1 mg/L). The dissociation constant cannot practically be
determined and the Log Pow (octanol/water partition co-efficient) is 5.3, indicating the potential for
bioaccumulation in the environment. Benfluralin is hydrolytically stable and will not dissociate in water in
environmentally relevant pH range (estimated pKa value: - 0.59), but is very rapidly photodegradable (DT 50 = 2.1
hrs at 20 °C, pH 5).
Benfluralin is neither flammable nor self-heating and does not possess explosive or oxidising properties,
indicating that it does not create problems during transport and storage. There are no implications for classification
for physical or chemical properties.

2.2.2

Summary of physical and chemical properties of the plant protection product

EF-1533 is a translucent orange/red emulsifiable concentrate containing 180 g/L (19.15 % w/w) of the active
substance benfluralin. It appear as a homogeneous liquid, free from visible suspended matter, and with a faint
chemical odour. The product has a flash point of 26 °C, a self-ignition temperature of 346 °C and does not possess
oxidising or explosive properties. It has a relative density of about 0.94 and the pH of a 1 % dilution is 5.61.
At 40 °C the kinematic viscosity is 0.973 mm2/s.

RMS: NO
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The product has good emulsion characteristics and does not produce excessive amounts of foam. In accelerated
and real time ambient storage stability tests, the content of the active substance remained stable, no increase in the
content of the relevant impurity EBNA (ethyl-N-butyl-N-nitrosamine) was observed and no significant changes
were seen in any other property. The product was demonstrated to be stable to low temperatures. The packaging of
the product remained free from any corrosion or degradation for the duration of the two-year study and the shelf
life of the product is at least 24 months.
According to CLP, EF-1533 is to be classified as “Flammable Liquid - Cat. 3” (H226, Flam. Liq. 3, GHS02) and
with “Aspiration Toxicity - Cat. 1” (H304, Asp. Tox 1, GHS08). Except for the flash point and the kinematic
viscosity, the technical properties of EF-1533 indicate that no particular problems are expected when the product
is used as recommended.

2.3

Data on application and efficacy

2.3.1

Summary of effectiveness

In practice, sensitive weed seedlings treated with benfluralin often do not emerge. Benfluralin inhibits mitotic cell
division in the tips of roots and shoots. When only roots are exposed to benfluralin, seedlings may emerge but
their development is eventually prevented as a result of severe root injury. Benfluralin is incorporated into the soil
to protect it from degradation by sunlight. Once incorporated, benfluralin is among the least mobile herbicides
and this limits its bioavailability for plant uptake. Benfluralin in solution does not move towards the plant; roots
and shoots come into contact with benfluralin as they grow and develop in the treated soil.

Vapour is the primary form of benfluralin that contacts and enters plants. Benfluralin vapour diffuses through the
soil and may travel approximately 1 cm from the placement point. Since benfluralin vapour travels in all
directions, the active substance comes into contact with all plant roots and shoots and this provides even and
consistent weed control.

Due to its mode of action, benfluralin only controls annual weeds. Efficacy against perennial weeds is considered
to be negligible, except for seedlings of some perennial species.

Main harmful organisms controlled (when benfluralin is mechanically incorporated into the soil):

Highly susceptible weeds (about 90-100% control)


Grasses: - Alopecurus myosuroides, Apera spica venti, Cenchrus spp, Dactylis glomerata, Digitaria
sanguinalis, Echinochloa colonum, Echinochloa crus-galli, Lolium multiflorum, Lolium perenne, Panicum
spp, Poa annua, Poa trivalis, Setaria glauca, Setaria verticillata, Setaria viridis



Broad-leaved weeds: - Amaranthus retroflexus, Anagallis arvensis, Atriplex patula, Chenopodium album,
Mollugo verticillata, Myosotis arvensis, Papaver rhoeas, Polygonum aviculare, Portulaca oleracea, Stellaria
media, Veronica hederaefolia, Veronica persica

RMS: NO
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Main harmful organisms controlled (when benfluralin is mechanically incorporated into the soil):

Moderately susceptible weeds (about 75-90% control)


Grasses: - Avena fatua (if seeds germinate within zone of benfluralin incorporation), Avena ludoviciana (if
seeds germinate within zone of benfluralin incorporation), Sorgum halepense (if seeds germinate within zone
of benfluralin incorporation)



Broad-leaved weeds: - Galium aparine, Lamium amplexicaule, Lamium purpureum, Polygonum
lapathifolium, Polygonum persicaria, Ranunculus arvensis, Viola arvensis

Benfluralin activity may be reduced in soils with very high organic matter content (more than 5%).

Benfluralin has little or no activity against weeds in the following botanical families: Compositae, Cruciferae,
Solanaceae, Malvaceae, Umbelliferae, Cyperaceae and Fabaceae.

No efficacy evaluation is done and it is not required as this is a product for renewal and the product is already
authorised. According to the latest guidance on the preparation of dossiers for the renewal of active substances,
information on efficacy is not required (SANCO/10181/2013 – rev. 3, 12 December 2014). The representative
products have all been authorised at Member State level for > 10 years and have therefore been assessed in line
with Uniform Principles. Effcacy evaluation need to be done when the formulated products are to be reauthorized.

2.3.2

Summary of information on the development of resistance

Benfluralin has been used for over 30 years in the EU on many crops (chicory, lettuce, pea, bean, salsify, tobacco,
alfalfa, clover, peanut, garlic, lentil). To date, no information indicating resistance in target weeds has been
reported. The absence of resistance is due to the following:


Benfluralin is used only once per growing season.



Benfluralin is only used on ‘small market’ crops both in the EU and globally.



Benfluralin is used in programmes with other herbicides having differing modes of action either to reinforce
the weed control with benfluralin and/or to widen its spectrum of activity.



Crops, on which benfluralin is used, are not grown in monoculture. This means that, in general, one crop
treated with benfluralin is not grown in rotation after another crop treated with benfluralin. For example,
chicory is normally followed in rotation by winter cereals which are not recommended for treatment with
benfluralin.

Resistance to HRAC group K1 herbicides

Benfluralin belongs to the chemical group of dinitroanilines (DNA family) and is classified as HRAC group K1
(micotubule inhibitors). The HRAC group K1 includes 16 active substances belonging to the chemical group

RMS: NO
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dinitroanilines

(9

active

substances),

benzamides,

benzoic

acid,

phosphoroamidates

and

pyridines

(www.weedscience.org), the DNA family of herbicides also includes trifluralin, ethafluralin, oryzalin, butralin and
pendimethalin. These five active substances have also been previously approved for use in the EU with oryzalin
and pendimethalin only currently approved for use in the EU. The resistance situation for the DNA herbicides, in
general, after 30-55 years of use is relevant to benfluralin.

The International Survey of Herbicide Resistant Weeds website (www.weedscience.org) indicates that the only
species found in the EU with some biotypes documented to be resistant to a HRAC group K1/DNA herbicide is
Alopecurus myosuroides (UK, Belgium and Denmark) and Echinochloa crus-galli (Bulgaria) with resistance
found to pendimethalin. Thus under EU conditions, the risk of HRAC group K1/DNA resistance is considered to
be very low.

Outside of the EU, several cases of resistance to HRAC group K1 ( DNA herbicides) have been reported:


USA: Amaranthus palmeri (trifluralin), Avena fatua (propyzamide = pronamide), Poa annua (dithiopyr,
pendimethalin, prodiamine), Setaria viridis (trifluralin), Sorghum halepense (pendimethalin), Eleusine indica
(many cases with pendimethalin and trifluralin, one case with prodiamine).



Canada: Setaria viridis (many cases with trifluralin and ethalfluralin).



Australia: Fumaria densiflora (trifluralin), Lolium rigidum (many cases with trifluralin and ethalfluralin), Poa
annua (propyzamide = pronamide, several cases, 2017).



Japan: Alopecurus aequalis (trifluralin), Beckmania syzigachne (trifluralin)

The above list shows that the use of HRAC group K1 in some cropping systems, at least under intensive
agricultural conditions such as with cotton grown in the USA or oilseed rape grown in Canada, can select resistant
biotypes. However, there are no studies reporting weed resistance to benfluralin.

Biotypes resistant to trifluralin may potentially be resistant to benfluralin. This assumption is based on the crossresistance previously demonstrated between trifluralin and pendimethalin (Eleusine indica in USA) and between
trifluralin and ethalfluralin (Setaria viridis in Canada and Lolium rigidum in Australia). These cases do not
demonstrate that cross-resistance between HRAC group K1 herbicides will always occur. However, they do show
that there is a significant chance that cross-resistance between benfluralin and other HRAC group K1 herbicides
could occur.

Resistance mechanism
The resistance mechanism for HRAC group K1 herbicides may involve a change in binding site on tubulin subunits or an altered microtubule-associated protein (e.g. Eleusine indica in the USA). It may also be use to an
alteration in an element involved in cytoskeletal function (e.g. Setaria viridis in Canada).

Inherent risk of resistance to target weed species
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Benfluralin is intended to be used to control monocotyledonous and dicotyledonous weeds. Among the target
weeds are species such as Alopecurus myosuroides, Apera spica-venti, Echinochloa spp., Lolium spp.,
Amaranthus retroflexus, Chenopodium album, Papaver rhoeas and Stellaria media which have already developed
resistance to one or several herbicidal mode of action (13-62 reported cases per species). Therefore, the inherent
resistance risk for these target weed species is considered to be higher than other species.

Resistance management
The overall resistance risk for benfluralin is considered to be low to moderate due to the evaluation of the inherent
risk of the active and the target weed species and the agronomic resistance risk. Low to moderate risk for
resistance due to that fact that the weeds species have high risk of developing resistance and a few cases of
resistance to HRAC group K1 herbicides. In the EU, DNA herbicide have been used over 30 years with no
reported cases for resistance to benfluralin, and taking into consideration the rotational practice for crops treated
with benfluralin. Benfluralin is intended to be used in vegetable crops. In addition, it is stated that benfluralin is
used only once per season. This reduces the agronomic resistance risk and therefore, the agronomic resistance risk
can be considered to be low. Nevertheless, a detailed agronomic resistance risk analysis must be performed during
product registration. In general a resistance risk management strategy should be used to alter between mode of
actions and to use good agronomic practise to prevent or slow down resistance development to herbicides in the
EU.

2.3.3

Summary of adverse effects on treated crops

Selectivity is based on morphological and physical characteristics:


Morphological sensitivity is related to the plant’s structural characteristics and the effect that these
characteristics have on herbicide uptake. For example, some plants have a high (lipid) wax content which
may prevent benfluralin from reaching meristems. High wax content is believed to provide the tolerance seen
in oil seed crops such as oilseed rape, soybean and sunflower. Other species may not absorb benfluralin at all.



Physical selectivity is based on the placement of benfluralin in the soil relative to the depth of seed drilling
and/or the depth of roots to the seedling. Thus, differences in the depth of emergence and growth habits
between species account for the differences in benfluralin susceptibility. To be effective, benfluralin must
come into contact with emerging roots and shoots. Since benfluralin does not translocate, plants that establish
a health root system beneath the herbicide-treated soil zone may emerge through the benfluralin treatment
with minimal effects. For example, wild oats (Avena spp) frequently emerge below the 5-10 cm treated soil
zone. The control of such deep-emerging weeds with benfluralin can be improved by deeper and thorough
herbicide incorporation.

According to the Irish label some crops can be sensitive, e.g. Chinese cabbage.
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2.3.4

Summary of observations on other undesirable or unintended side-effects

Minimum waiting periods or other precautions between last application and sowing or planting succeeding
crops:
As benfluralin is a residual herbicide, it may potentially have an effect on seedlings of susceptible species grown
in rotation after application to the target crop. Experience of 35+ years of benfluralin use in the EU has enabled
safe intervals between benfluralin application and sowing a following crop to be defined. These levels are given
in the table below:

Table 2.3-4. Interval (months) between benfluralin application and sowing a rotational crop
Rotational crop

Safe interval (months) between benfluralin
application and sowing a rotational crop

Sugar beet, oat, spinach
Maize, sorghum
Durum wheat
Soft wheat, barley, ryegrass
Potato
Flax, carrot, tomato, lentil
Alfalfa, beans and broad beans, cabbage, celery,

101
81
71
51
21
1
0

chicory, clover, cotton, fennel, garlic, lettuce (including
lamb’s lettuce), melon, oilseed rape, onion, orchards,
peas (culinary and fodder peas), peanut, salsify (black
salsify), soybean, sunflower, tobacco, turnip, vines
1

Mean values for Europe. These periods may be slightly reduced in soil ploughed before sowing the succeeding crop (by approximately 4 to 6

weeks). Also, in certain conditions which could reduce the benfluralin degradation rate such as cold weather in Northern European countries or
drought in Mediterranean countries, these values may be slightly longer (by approximately 4 to 6 weeks). Local advice is given to customers
through labels, leaflets etc.

Limitations on choice of succeeding crops:
See Table above.

2.4

Further information

2.4.1

Summary of methods and precautions concerning handling, storage, transport or fire

Refer to safety data sheets (SDS) of the active substance and plant protection product.
See RAR 06 Volume 3 CA B4 for further information regarding the active substance.
See RAR 16 Volume 3 CP B4 for further information regarding the representative formulation.
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2.4.2

Summary of procedures for destruction or decontamination

Be aware to not contaminate ponds, waterways or ditches with chemical or used container. Wash out thoroughly.
Container and washings must be disposed of safely and in accordance with applicable regulations. The preferred
options are to send to a licensed reclaimer or to permitted incinerators. Do not re-use container for any purpose.
Controlled incineration by a licensed operator is the most satisfactory method of disposal of surplus product,
spilled or contaminated material, empty containers and outer packaging. Containers should not be reused for any
purpose.
No neutralisation procedure is given.

2.4.3

Summary of emergency measures in case of an accident

Refer to safety data sheets (SDS) of the active substance and plant protection product.
See RAR 06 Volume 3 CA B4 for further information regarding the active substance.
See RAR 16 Volume 3 CP B4 for further information regarding the representative formulation.

2.5

Methods of analysis

2.5.1

Methods used for the generation of pre-authorisation data

2.5.1.1

Methods for analysis of the active substance as manufactured

Table 2.5.1.1-1. Summary of analytical methods for technical active substance.
Matrix
Technical a.s.

Analyte
Benfluralin

Type of method
GC-FID

Impurities (1)
(1) Details are reported in Confidential Annex C, Volume 4, to this RAR.

Validation
References
The method is acceptable according Ticco, S.P. (2016a)
to SANCO/3030/99 rev. 4
(CA 4.1.1/01)
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Table 2.5.1.1-2. Summary of analytical methods for formulation analysis.
Matrix
Bonalan
(EF-1533)

Analyte
Benfluralin

Type of method
GC-FID

Validation
References
The method is acceptable according Ticco, S.P. (2016f)
to SANCO/3030/99 rev. 4
(CA 5.1.1/02)

Impurities (1)
(1) Details are reported in Confidential Annex C, Volume 4, to this RAR.

2.5.1.2

Methods used in support of toxicological, residues, ecotoxicology studies and other physical and
chemical properties tests.

The applicant provided studies and information on an array of methods used to support various parts of the risk
assessment. In a number of cases the methods were not fully validated and compliant with current day method
validation requirements, however the RMS considers many of the analytical methods as “fit for its purpose”. A
number of methods were not submitted and the RMS has validated on own initiative. After official commenting
more studies were an validation should have been perfomed were revealed, and has in genereal not been assessed.
Table 2.5.1.2-1 gives an overview of methods used for risk assessment / pre-registration methods.

For residues, it was used the same analytical method for determination of benfluralin in different lettuce, chicory
and endive crops (Van Acker, M. & Nicholson, A. (2000) (CA 4.2/01)). Although this analytical method is
considered validated, it is considered that for many of the studies the procedural recoveries were not validated at
the LOQ. No validation of analytical methodology were submitted in support of efficacy- and human exposure
studies

Table 2.5.1.2-1. Overview of accepted analytical methods for risk assessment and their acceptability.
Matrix

Analyte

Soil
Soil
Soil

Benfluralin
Benfluralin
metabolite B12
B12 metabolite

Test diet

Benfluralin

Dose solution
Rodent feed
Dose solution
Rodent feed
Dose solution
Dose solution
Dose solution

Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin

Dose solution
Dose solution

Benfluralin
Benfluralin

Dose solution

Benfluralin

Dose solution

Benfluralin

Dose solution

Benfluralin

Dose solution

Benfluralin

Type of method Validation
References
In support of environmental fate studies (B.5.1.2.1)
GC-ECD
Satisfactory
Clements, B. (2002c) (CA 4.2/06)
HPLC-MS/MS
N.S./Satisfactory*
Scherthan, D. (2018)
HPLC-MS/MS
N.S./Satisfactory*
Scherthan, D. (2018)
In support of mammalian toxicology studies (B.5.1.2.3)
Unknown
N.A.
(1996)
(CA 4.1.2/43)
Unknown
N.S.
(1988a)
HPLC-UV
Satisfactory
(1996) (CA 4.1.2/01)
Unknown
N.S.
(1988b)
HPLC-UV
Satisfactory
(1995) (CA 4.1.2/02)
Unknown
N.S.
(1985b)
Unknown
N.S.
(1991)
Unknown
N.S.
(2010)
GC-NCI/MS
N.A.
LeBaron, M. J., et al. (2011a) (CA 4.1.2/44)
GC-ECD
Satisfactory
LeBaron, M. J., Kan, H. L. (2011)
(CA 4.1.2/45)
GC-ECD
Satisfactory
LeBaron, M. J., Schisler, M. R., Visconti, N.
R. (2011b) (CA 4.1.2/46)
HPLC-UV
N.S.
Coady, K. K., Sosinski, L. K. (2011)
(CA 4.1.2/47)
GC-ECD
Satisfactory
LeBaron, M. J., Kan, H. L., Perala, A. W.
(2011c) (CA 4.1.2/48)
Unknown
N.S.
(2011)
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Matrix
Dose solution

Analyte
Benfluralin

Type of method
Unknown

Validation
N.S.

Corn oil

Benfluralin

GC-NCI/MS

N.A.

Corn oil

Benfluralin

GC-NCI/MS

N.A.

References
(2012a)
(2012b) (CA 4.1.2/49)

Benfluralin
Benfluralin

(2012c) (CA 4.1.2/50)
In support of residue studies (B.5.1.2.5)
GC-ECD
Satisfactory
Gillis, N. (2003) (CA 4.1.2/03)
GC-ECD
Satisfactory
Bousquet, C. (2002a,b) (CA 4.1.2/04-05)
GC-ECD
Satisfactory
Bousquet, C. (2002c) (CA 4.1.2/06)
GC-ECD
Satisfactory
Clements, B. (2002a) (CA 4.1.2/08)
GC-ECD
Satisfactory
Bousquet, C. (2002c) (CA 4.1.2/06)
GC-ECD
Satisfactory
Clements, B. (2002a) (CA 4.1.2/08)
GC-ECD
Satisfactory
Bousquet, C. (2002d) (CA 4.1.2/07)
GC-ECD
Satisfactory
Clements, B. (2002b) (CA 4.1.2/09)
GC-ECD
Satisfactory
Van Acker, M. (2000) (CA 4.1.2/10)
In support of eco-toxicology studies (B.5.1.2.6)
Unknown
N.S.
(1991)
Unknown
N.S.
(1991)
GC-ECD
Satisfactory
(2014) (CA 4.1.2/11)
GC-MS
Satisfactory
Meseguer, C. (2016) (CA 4.1.2/12)
GC-MS
Satisfactory
Driss, F. (2016) (CA 4.1.2/13)
GC-ECD
Satisfactory
(1985) (CA 4.1.2/14)
GC-ECD
Satisfactory
(1990a) (CA 4.1.2/15)
GC-ECD
Satisfactory
Sousa, J. V. (1990b) (CA 4.1.2/16)
GC-ECD
Satisfactory
Dionne, E. (1990) (CA 4.1.2/17)
HPLC-UV
Satisfactory
(2003a)
(CA 4.1.2/18)
HPLC-UV
Satisfactory
(2003b)
(CA 4.1.2/51)
HPLC-UV
Satisfactory
(2001a)
(CA 4.1.2/19)
HPLC-UV
Satisfactory
(2001b)
(CA 4.1.2/20)
HPLC-UV
Satisfactory
Hertl, J. and Breitwieser, H. (2003c)
(CA 4.1.2/21)
HPLC-UV
Satisfactory
Marino, T. A., et al. (2001c)
(CA 4.1.2/22)
HPLC-UV
Satisfactory
Marino, T. A., et al. (2001d)
(CA 4.1.2/23)
HPLC-UV
Satisfactory
Hertl, J. and Breitwieser, H. (2003d)
(CA 4.1.2/24)
HPLC-UV
Satisfactory
Hertl, J. and Breitwieser, H. (2003e)
(CA 4.1.2/52)
HPLC-UV
Satisfactory
Henry, K. S., et al. (2002)
(CA 4.1.2/25)
HPLC-UV
Satisfactory
Marino, T. A., et al. (2001e)
(CA 4.1.2/53)
Not given
N.S.
(1990)
GC-ECD
Satisfactory
(2004) (CA 4.1.2/26)
GC-ECD
Satisfactory
Hoberg, J. R. (2007) (CA 4.1.2/27)

Benfluralin
Benfluralin
Benfluralin

GC-NCI/MS
GC-MS
GC-µECD

Satisfactory
Satisfactory
Satisfactory

(2011) (CA 4.1.2/28)
Bradley, M. J. (2014) (CA 4.1.2/29)
Bradley, M. J. (2014) (CA 4.1.2/29)

Benfluralin

GC-MS

Satisfactory

Bradley, M. J. (2015) (CA 4.1.2/30)

Lettuce
Lettuce head
Chicory root
Chicory root
Chicory top
Chicory leaf
Endive head
Endive leaves
Lettuce

Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin

Test diet

Benfluralin

Test diet

Benfluralin

Avian feed
Earthworm
Earthworm
Test solution
Seawater
Seawater
Seawater
Test media

Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin

Test media

Benfluralin

Test media

Trifluralin
metabolite TR-6
Trifluralin
metabolite TR-15
Benfluralin

Test media
Test media
Test media

Test media

Trifluralin
metabolite TR-6
Trifluralin
metabolite TR-15
Benfluralin

Test media

Benfluralin

Test media

Trifluralin
metabolite TR-6
Trifluralin
metabolite TR-15
Benfluralin

Test media

Test media
Test media /
water
Freshwater
20X AAP
medium
Test solution
Sediment
Freshwater,
Seawater
Sediment
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Matrix
Seawater
Freshwater
Freshwater
Seawater
Freshwater
Freshwater
Freshwater
Freshwater
Test media

Analyte
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin
Benfluralin

Test media
Spray solution

Benfluralin
Benfluralin

Water
Methanol,
n-Heptane,
n-Octanol
Octanol phase,
Aqueous phase

Benfluralin
Benfluralin

Type of method
GC-µECD
GC-µECD
GC-µECD
GC-µECD
GC-µECD
GC-µECD
GC-µECD
GC-µECD
GC-NCI/MS

Validation
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory

References
Sayers, L.E. (2013) (CA 4.1.2/31)
Softcheck, K.A. (2015a,b) (CA 4.1.2/32-33)
(2013a) (CA 4.1.2/34)
(2013b) (CA 4.1.2/35)
Urann, K. (2013c) (CA 4.1.2/36)
(2014a) (CA 4.1.2/37)
Urann, K. (2014b) (CA 4.1.2/38)
(2017) (CA 4.1.2/39)

(2012)
(CA 4.1.2/54)
HPLC-UV
Satisfactory
Biester, M. A. (2011) (CP 5.1.2/01)
HPLC-UV
Satisfactory
Peterek, S. (2011a,b) (CP 5.1.2/01-02)
In support of physical and chemical properties studies (B.5.1.2.7)
GC-FID
Satisfactory
Dunning, J. (2016b) (CA 4.1.2/40)
GC-FID
Satisfactory
Dunning, J. (2016c) (CA 4.1.2/41)

Benfluralin

GC-FID

Satisfactory

Dunning, J. (2016c) (CA 4.1.2/41)

N.A.: Based on submitted information it is not possible to conclude if the study is fit for purpose or not.
N.S.: Not submitted by the applicant. Should have been submitted.
* The study was submitted after commenting. Though a validation is not submitted by the applicant, the analytical method has been assessed
by the RMS.

2.5.2

Methods for post control and monitoring purposes

In the Annex I inclusion (DAR 2006) it was found that the German multi-residue method DFG S19 was not
suitable for determination of benfluralin in dry-, high fat content-, and high water content commodities due to
obtained recovery data do not meet the required criteria (i.e. mean recovery is systematically < 70 %)
A new analytical method for determination of benfluralin in dry-, acidic-, high fat content-, and high water content
commodities) using QuEChERS-extraction was submitted. The method was independently validated for all
commodities. New analytical methods for determination of benfluralin in soil, water, air, and body fluids and
tissues were submitted as part of the renewal process. All methods do meet LOQ requirements. The method for
determination of benfluralin in drinking water was independently validated.
All monitoring methods are considered fully validated in accordance with European guidelines for residue
analytical methods SANCO/825/00 Rev.8.1 (16/11/2010). A study of the extraction efficacy of benfluralin has
though not been performed.
Table 2.5.2-1. Summary of analytical methods covering relevant residue definitions and limits.
Matrix / crop group
Food of plant origin: high water content.
Commodity: cucumber, lettuce, apple,
chicory leaf
Food of plant origin: high starch content.
Commodity: wheat grain, chicory root
Food of plant origin: high acid content.
Commodity: strawberry, lemon, orange
Food of plant origin: high fat content.
Commodity: Oilseed rape, walnut
Food of animal origin
Soil

Analyte
Benfluralin

LOQ
0.01 mg/kg

Residue limit
Lettuce: 0.02 mg/kg (1)
Witloof / endives: 0.02 mg/kg (1)

Benfluralin

0.01 mg/kg

Industrial witloof / chicory roots: 0.02 mg/kg (1)

Benfluralin

0.01 mg/kg

Benfluralin

0.01 mg/kg

Benfluralin

0.01 mg/kg

Not relevant
NOECFolsomia candida = 11 mgA.S./kg d.w. soil

RMS: NO
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Matrix / crop group

Analyte

LOQ

Drinking water
Surface water
Air

Benfluralin
Benfluralin
Benfluralin

0.05 µg/L
0.05 µg/L
 0.15 µg/m³

Body fluids and tissues

Benfluralin

0.05 mg/L
0.1 mg/kg

Residue limit
(EF-1533)
0.1 µg/L EU drinking water limit
NOECRainbow trout = 1.9 µgA.S./L
C = 1.5 µg/m³, based on the ADI of 0.005 mg/kg
b.w./d. (AOELsystemic = 0.035 mg/kg b.w./d for
benfluralin, which leads to C = 10.5 µg/m3)

(1) According to Regulation (EC) 396/2005

Table 2.5.2-2. Overview of accepted residue analytical methods.
Matrix / crop group
Food of plant origin.
Commodities with:
-high water content
(cucumber, apple)
-high acid content
(strawberry, lemon)
-high fat content
(oilseed rape, walnut)
-high starch content
(wheat grain)
Commodities with:
-high water content
(lettuce, chicory leaves)
-high acid content (1)
(whole orange)
-high fat content (1)
(oilseed rape)
-high starch content (1)
(wheat grain)
Food of animal origin
Soil

Analyte

Independent
Lab Validation
(if appropriate)
LC-MS/MS
Schlewitz, P. (2016a)
(CA 4.2/05)

Primary method

Confirmatory method

Benfluralin

LC-MS/MS
Commander, R. F.
(2016a) (CA 4.2/04)

Not needed; highly specific

Benfluralin

GC-ECD
Van Acker, M. &
Nicholson, A. (2000)
(CA 4.2/01)

GC-MS; confirmation by two GC-ECD
additional fragments
Clements, B. & Stevenson,
Class, T. (2007) (CA 4.2/03) K. (2002) (CA 4.2/02)

Benfluralin

Not required
LC-MS/MS
Rawle, N. (2016a)
(CA 4.2/08)
GC-ECD
Clements, B. et al.
(2002) (CA 4.2/06)

Drinking water

Benfluralin

Surface water

Benfluralin

Ground water

Benfluralin

Air

Benfluralin

GC-MS
Commander, R. F.
(2016b) (CA 4.2/10)
GC-MS
West, S. D. and
Hastings, M. J.
(2003) (CA 4.2/09)
GC-MS
Commander, R. F.
(2016b) (CA 4.2/10)
GC-MS
Commander, R. F.
(2016b) (CA 4.2/10)
LC-MS/MS
Schlewitz, P. (2016c)
(CA 4.2/13)
GC-MS
Atkinson, S. (2003)
(CA 4.2/12)

Not needed; highly specific

Not required

GC-MS; confirmation by two
additional fragments
Dial, G. E. (2007) (CA
4.2/07)
Not needed; confirmation by GC-MS
two additional fragments
Schlewitz, P. (2016b)
(CA 4.2/11)
Quantification with one
Not required (2)
fragment, confirmation with
one fragment
Not needed; confirmation by
two additional fragments

Not required

Not needed; confirmation by
two additional fragments

Not required

Not needed; highly specific

Not required

Not needed; confirmation by
two additional fragments

Not required

RMS: NO
Co-RMS: NL

- 27 Benfluralin
Volume 1

Matrix / crop group
Body fluids an tissues

Analyte
Benfluralin

Primary method
LC-MS/MS
Rawle, N. (2016b)
(CA 4.2/14)

Confirmatory method
Not needed; highly specific

Independent
Lab Validation
(if appropriate)
Not required

(1) Only covered by the confirmatory method.
(2) Not required as part of old data requirements.

2.6

Effects on human and animal health

2.6.1

Summary of absorption, distribution, metabolism and excretion in mammals

Table 2.6.1 Summary of studies on toxicokinetics and metabolism (in vivo and in vitro).
Route

Method
Guideline

Oral
OECD TG 417
(gavage)

Oral
OECD TG 417
(gavage)

Oral
OECD TG 417
(gavage)

Oral
OECD TG 417
(gavage)

Oral
OECD TG 417
(gavage)

Oralt
OECD TG 417
(gavage)

Species
Strain
Sex
No./dose
Fischer CDF®
:BR (F-344)
rats
3 rats/sex/dose
Fischer CDF®
:BR (F-344)
rats
5 rats/sex/dose
(kinetic study)

Dose levels and
duration of the study

Reference

New data for
Annex I
renewal
Y/N
N

14C-Benfluralin,

100
mg/kg bw
Single dose
(1988a)
48 hours
14C-Benfluralin,100
mg/kg bw or 500 mg/kg
7 days
(1988a)

N

6 males and 4
females at the
low dose and
5 rats/sex/dose at
the high dose
(tissue
distribution)
14C-Benfluralin,100
Fischer CDF®
:BR (F-344)
mg/kg bw or 500 mg/kg
rats
48 hours
(1988b)
5 rats/sex/dose
(kinetic study)
Fischer CDF®
:BR (F-344)
rats
10 males and 5
females (100
mg/kg bw)
5 rats/sex/dose
(500 mg/kg bw)
Fischer CDF®
:BR (F-344)
rats
8 rats/sex/dose
Fischer CDF®
:BR (F-344)
rats
6 males and 4
females at the
low dose and
5 rats/sex/dose at

N

14C-Benfluralin,100

N

mg/kg bw or 500 mg/kg
48 hours
(1988c)

14C-Benfluralin,100

mg/kg bw
7 days
14C-Benfluralin,100

mg/kg bw or 500 mg/kg
48 hours

N
(1988d)
(1988)

N
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Route

Method
Guideline

Compara No TG
tive in avalaible
vitro
metaboli
sm

Species
Dose levels and
Strain
duration of the study
Sex
No./dose
the high dose
14C-Benfluralin 0.5
Liver
microsomes from ppm (1.49 μM).
CD1(ICR) mice,
F344/
rats,
New Zealand
White rabbits,
Beagle dogs and
human donors

Reference

New data for
Annex I
renewal
Y/N

Zhang, F.,
McClymont E.L.,
Erskine, T.C., Hales
C.A. (2016)

Y

Absorption
The absorption of benfluralin was relatively rapid with peak plasmatic concentrations achieved at 5-10 hours at the
low dose, and at 24 hours at the high dose. The AUC-values indicated that plasmatic concentration increased
proportionally to the dose in both males and females. Based on the excretion in urine and residues in tissues and
carcass at the low dose, the systemic absorption is 15 % for males and 23 % for females (approximately 20 % as a
mean for males and females).

In the previous evaluation, the possibility of a higher absorption at the NOAEL used for AOEL setting was
discussed. To account for this possibility, the biliary excretion of 10 % was then added to the systemic absorption
of 20 %, and the oral absorption was set at 30 % (EFSA, 2008). The RMS is, however, of the opinion that the
biliary excretion should not be added since the critical effect for the AOEL setting was seen in kidneys.
Furthermore, the possibility a higher absorption, at the NOAEL used for the AOEL setting, should be
experimentally demonstrated. The RMS proposes therefore a reduction in the correction for oral absorption from
30 % to 20 % when setting AOEL.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
At the PPR-meeting, the experts concluded that the oral absorption of benfluralin is 20 %, based on radioactivity
retrieved in urine 168 h after administration of 100 mg/kg bw.

Excretion
The plasmatic half-life at both dose levels was approximately 55 hours for males and approximately 62 hours for
females.

Most of the radioactivity was eliminated at 48 h. On day 7, males excreted 14.9 % and 78.9 % in urine and faeces
respectively at the low dose, and 11.8 % and 77.7 % in urine and faeces respectively at the high dose. Females
excreted 22.6 % and 71 % in in urine and faeces respectively at the low dose, and 19.9 % and 64.6 % in urine and
faeces respectively at the high dose. The fraction of radioactivity remaining in the animals, seven days after
dosing, was very low, accounting for between 0.5 and 1.5% of administered dose. The majority of this was found
in the carcass and in the liver.

RMS: NO
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Biliary excretion in males was 7-8% at both dose levels. In females, this was 13% at low dose and 6 % at the high
dose. The loss of radioactivity by the expired air was negligible.

Distribution
Tissue distribution study showed that benfluralin was widly distributed. Initially carcass, liver, fat and kidneys had
the highest percentage of total radioactivity in males and females at both dose levels. Tissue concentration
percentages dropped rapidly over the 48 hour study period. The highest residue level was recovered in the liver
(0.1% of the dose) and carcass (0.5-1.5% of the dose), while other tissues contained <0.1%. The RBC
concentrations were 2.4-4 higher than the plasmatic concentrations. In both dose groups, tissue residues were
mostly higher in females than in the males. This was most marked in the adipose tissue, indicating an affinity to
body fat.

Pre-treatment with unlabeled benfluralin had no apparent effect on the absorption, distribution or excretion of the
radiolabeled test substance.

Metabolism
Metabolism study showed that benfluralin was the most prominent compound recovered in the faeces,
representing 35 % of the total dose. Three non-polar metabolites were identified, two in feces and one in urine,
indicating that the benfluralin was dealkylated and reduced. In addition, the presence of approximately 100
metabolite fractions were demonstrated, corresponding individually to about 0.05-0.9% of the dose. Further
identification of these metabolites was not successful.

A comparative metabolism study showed that all metabolites formed in human liver microsomes >5% of the initial
substrate concentration were also formed in mouse, rat, dog, and rabbit liver microsomes. Two metabolites were
formed only in human liver microsomes. However, the abundance of these metabolites was <5 % of initial
substrate concentration. Qualitative and quantitative differences in metabolites formation were observed between
mouse, rat, dog, and rabbit. It is to be noted that the abundance of the metabolites in this study was less than seen
in in vivo, probably due the absence of reductive metabolism in the in vitro study.

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Data gap: The residue definition in tissues and fluids (urine amd blood) for human biomonitoring purposes was
discussed and all experts agreed to set a data gap for the applicant to propose a residue definition for body fluids
and tissues.
Data gap: With regard to the in vitro metabolism study, the majority of the experts agreed that Peak 3 and Peak 7
should be characterized and their toxicological relevance should be assessed because they are significantly higher
in human material than in the other four species tested.

The metabolism pathway in the rat in shown in the figure below

RMS: NO
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Code
Benfluralin
cmp # 3
cmp # 36

Occurrence (%)
34.8
0.2
5.4

Chemical name
N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-para-toluidine
2,6-dinitro-4-trifluoro-methyl aniline
N-butyl-N-ethyl-α,α,α-trifluoro-5-nitrotoluene-3,4,5- triamine
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cmp # 37

2.6.2

0.2

N-butyl-N-ethyl-α,α,α-trifluorotoluene-2,6-dinitro-para-toluidine

Summary of acute toxicity

Table 2.6.2-01. Summary of relevant acute toxicity studies.
Test
Vehicle
Method
Species
Dose levels LD50/
substance
Guideline Strain
LC50
/ Route
Sex
No./dose
Benfluralin 25%
Oral
suspension
in 0.5%
w:v
hydroxypropyl
methylcellulose
Benfluralin Applied in
Dermal
solid form

OECD TG
401

OECD TG
402

Rat
Fischer 344
(strain)
M, F
5/ dose level

M/F: 5000
mg/kg bw

Rabbit
New Zealand
White
Lsr: (NZW)
M, F
5/dose level

M/F: 5000
mg/kg bw

LD50
fasted
M/F:
>5000
mg/kg
bw

LD50
M/F:
>5000
mg/kg
bw

Classification
according to
EU CLP
Regulation
No. 1272/2008
Not classified

Reference

New
data for
Annex I
renewal
Y/N
N

(1996)
Report No.
DR-00973397-006A

Not classified

N

(1990)
Report No.
B04990
Benfluralin Moistened
Dermal
with 5.0 ml
of 0.5%
aqueous
methylcellu
lose
Benfluralin Inhalation
(4hr, noseonly,
aerosol)

OECD TG
402

OECD TG
403

Rabbit
New Zealand
White (strain)
M, F
5/dose level

M/F: 5000
mg/kg bw

Rat,
Fisher 344/
M, F
5/dose level

M/F: 1.12
mg/l air,
2.16 mg/l
air
(technical
highest
attainable
concentration)

LD50
M/F:
>5000
mg/kg
bw

Not classified

LC50
STOT-SE
M/F:
category 2
>2.16
mg/L
air
(techni
cal
highest
attainable
concentration

N
(1997)
Report No.
971155
N
(1986)
Report No.
R-H-04885

M. male; F: female

Summary and conclusions on acute toxicity
All acute toxicity studies were conducted in accordance with the OECD Principles of Good Laboratory Practice
(1981).The acute toxicity of benfluralin after oral, dermal or inhalation exposure was relatively low. The results of
acute toxicity testing do not trigger classification or labelling for acute toxic properties according to CLP
Regulation (EC) No. 1272/2008. Clinical signs such as hypoactivity, perineal soiling with urine and lachrimation
were noted in rats following oral administration (5000 mg/kg bw). Desquamation and signs of skin irritation
(moderate to severe erythema and oedema), which cleared in all animals within 28 days, were observed after
dermal administration of Benfluralin in solid form. Upon dermal administration of Benfluralin moistened with
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aqueous methylcellulose, some degree of erythema and oedema (males and females), burns and fissures at the site
(males) and scale formation and scabs (males and females) was observed. Upon inhalation exposure to the highest
attainable concentration (2.16 mg/L), which notably did not contain a respirable fraction, two males and one
female died, and the observed clinical signs included dyspnoea, hypoactivity, poor grooming and body weight
loss. Considering the difficulties in generating a respirable fraction, due to the physico-chemical characteristics of
the compound, RMS agrees with the previous conclusion in the DAR that classification for acute inhalation
toxicity is not required for benfluralin. However, considering the hepatic and pulmonary congestion revealed by
necroscopy in two males and one female exposed to 2.16 mg/L which died during the exposure, RMS proposes
classification for STOT-SE category 2. Based on the previous evaluation (DAR, 2006), EFSA concluded (EFSA
Scientific Report (2008) 127, 1-82, Conclusion on the peer review of Benfluralin) that the rat inhalation LC50
should be 2.16 mg/L air < LC50 < 5 mg/L air /4 h (dust, nose only). In contrast, RMS proposes that the rat
inhalation LC50 should be LC50 (dust, nose only) > 2.16 mg/L air/4 h.
Skin- and eye irritation:
Table 2.6.2-02. Summary of relevant skin- and eye irritation studies.
Test
Method
Species
Dose level Remarks
substance / Guideline
Strain
Route
Sex
No./dose
Benfluralin

OECD TG
404

Skin

Benfluralin

OECD TG
404

Rabbit
New Zealand
White,
(Lsr:(NZW)
M, F
3/ dose level

OECD TG
405

Rabbit
New Zealand
White
M, F
3/ dose level

Skin

Benfluralin

Rabbit
New Zealand
White
M, F
3/ dose level

Eye

M. male; F: female

M/F: 0.5 g
(not
moistened)

Erythema:
M: 1.0/2.0/1.7
F: 2.0/2.0/2.0

Classification
according to
EU CLP
Regulation
No. 1272/2008
Skin Irrit. Cat.
2’ (H315:
Causes skin
irritation).

Oedema:
M: 1.0/1.0/1.0
F: 1.0/1.0/1.3
Erythema
persists in 3 out
of 6 rabbits at the
end of the study
M/F: 0.5 g Erythema:
Skin Irrit. Cat.
(moistened M: 0/0/0.3
2’ (H315:
with 0.5
F: 0.7/0.7/0.3
Causes skin
mL of
irritation).
0.5%
Oedema:
aqueous
M: 0.7/0.3/1.0
methylcellu F: 2.0/0.3/1.3
lose)
Scaliness
observed in 5 out
of 6 rabbits at
study termination
0.1 g
Mean scores:
Eye Irrit. Cat.
aliquot
Corneal opacity: 2’ (H319:
1.06
Causes serious
Iris lesion: 0.61
eye irritation)
Conjunctiva
redness: 2.33
Conjunctiva
chemosis: 2.44

Reference

New data
for
Annex I
renewal
Y/N
N

(1990)
Report No.
B09690

N
(1997)
Report No.
971153

N
(1997)
Report No.
971154
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Summary and conclusions on skin- and eye irritation
All skin- and eye irritation studies were conducted in accordance with the OECD Principles of Good Laboratory
Practice (1981). Benfluralin caused moderate skin irritation, and the mean scores of 24-72 hours were below the
trigger for classifiication according to CLP Regulation (EC) No. 1272/2008 . However, as erythema persisted in 3
out of 6 rabbits at the end of the observation period (when applied as not moistened), and scaliness was observed
in 5/6 animals at the end of the observation period (when applied as moistened), the test substance should be
classified as ‘Skin Irrit. Cat. 2’ (H315: Causes skin irritation). This classification proposal is in accordance with
EFSA’s conclusion on the previous evaluation (EFSA Scientific Report (2008) 127, 1-82, Conclusion on the peer
review of Benfluralin), where benfluralin was proposed to be classified as a R38 skin irritant. However, the
previous proposal was based on the 21-day studies in rabbits, described in section B.6.3. At the time of the
previous evaluation, the findings from the acute skin irritation studies did not trigger classification as a skin
irritant.

The results of the eye irritation study, show that benfluralin should be considered as an eye irritant. According to
the criteria defined in the CLP Regulation (EC) No. 1272/2008, the mean scores for corneal opacity, conjunctival
redness and conjunctival chemosis (oedema), following grading at 24, 48 and 72 hours after installation of the test
material, are above the trigger for classification as ‘Eye Irrit. Cat. 2’ (H319: Causes serious eye irritation).

Skin sensitisation:

Table 2.6.2-03. Summary of relevant skin sensitisation studies.
Test
Method
Species
Dose level
substance Guideline
Strain
/ Route
Sex
No./dose
Benfluralin OECD TG
406, modified
Skin
Buehler
method
Benfluralin OECD TG
406,
Skin
Maximisation
test of
Magnusson
and Kligman
M. male; F: female

Guinea pig
Hartley
F
12 (test)
6 (control)
Guinea pig
:(HA)BR
Sex not stated
20 (test)
20 (control)

Remarks

Dermal
induction: 5 %
Challenge: 5 %

Sensitisation rate
75%

Intradermal
injection: 5%
Dermal
induction: 25 %
Challenge: 10 %

Sensitisation rate
95%

Classification
according to
EU CLP
Regulation
No. 1272/2008
Skin Sens. 1 H317 (May
cause an
allergic skin
reaction)
Skin Sens. 1 H317 (May
cause an
allergic skin
reaction)

Reference

New data
for
Annex I
renewal
Y/N
N

(1984)
Report No.
G01183
N
(1998)
Report No.
8202485

Summary and conclusions on skin sensitisation
The skin sensitisation studies were conducted in accordance with the OECD Principles of Good Laboratory
Practice (1981). As a strong sensistisation reaction was elicited, both in the topical and in the maximisation assay,
benfluralin is subject to labelling requirements. According to the criteria defined in CLP Regulation (EC) No.
1272/2008, Benfluralin should be classified as Skin Sens. 1 - H317 (May cause an allergic skin reaction).

RMS: NO
Co-RMS: NL

- 34 Benfluralin
Volume 1

Phototoxicity:

Table 2.6.2-04. Summary of phototoxicity studies.
Test system Method
Organisms
Dose level
/ Method
Guideline

In vitro 3T3 OECD TG
NRU
432
phototoxicity
test

BALB/c 3T3
cells clone 31
(mouse
fibroblast cell
line)

Benfluralin: 0.24,
0.49, 0.98, 1.95,
3.91, 7.81, 15.6
and 31.3 μg/mL
with and without
irradiation (range
finding and main
experiment)

Results

Comment

Reference

Range
finding
experiment:
MPE: -0.020
Main
experiment:
MPE: -0.009

No
cytotoxicity

Roth, M
(2016)
Report No.
1742300

New data
for
Annex I
renewal
Y/N
Y

MPE: Mean Phototoxic Effect

Summary and conclusions on phototoxicity
The phototoxicity study was conducted in accordance with the OECD Principles of Good Laboratory Practice
(1997). Benfluralin did not possess any phototoxic potential (calculated MPE <0.1).

2.6.3

Summary of short term toxicity

Table 2.6.3. Summary of studies on short term toxicity.
Test substance Species
Dose levels
Effects at
(Purity/batch) / Strain Sex
(ppm)
LOAEL
Route / Study
No./group
duration/
Vehicle
acceptability
Benfluralin
(no details)
Oral (dietary)
90 days
Supplementary
Benfluralin
(96,6%, 231EF4)
Oral (dietary)
90 days
Acceptable

Rat
M, F
10/sex/dose

0, 1250, 2500,
5000, 10000,
20000

Rat
F344/
M/F

Study R33989
0, 250, 1100,
5000 ppm

Study
R33989: 15
rats/sex/dose

Study R44089
0 and 7500
ppm

Study
R33989: 15
rats/sex/dose

Study R29990
0, 50, 500 or
5000 ppm,

NOAEL
(ppm)
mg/kg
bw/day

-

LOAEL
(ppm)
mg/kg
bw/day

-

Reference

New data
for Annex
I renewal
Y/N

(1966)
CA 5.3.2/01
Report No.
R0524

N

F: increased
slight pigment
deposit in the
proximal
convoluted
tubule, with
supporting
evidence of
increase in
kidney weight

250 ppm
= 17
mg/kg
bw/day

1100
(1996) N
ppm = 74 Report No.
mg/kg
R33989,
bw/day
R44089 and
R29990

F: marked
increase (>10%)

1000
ppm =

3000
ppm =

Study
R29990: 15
male rats/
/dose

Benfluralin
(98,22%, X-

Mouse
B6C3F1/

0, 100, 300,
1000, 3000,

N
(1988a)
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Test substance
(Purity/batch) /
Route / Study
duration/
acceptability

Species
Strain Sex
No./group
Vehicle

35746)
Oral (dietary)
90 days
Acceptable

Br,
10000 ppm,
M/F
15
mice/sex/dos
e
Dog
0, 500, 2000,
(mongrels,
8000 ppm,
not purebred)
M, F
3/sex/dose

in absolute and
133
relative liver
mg/kg
weight, increased bw/day
enzyme activities
(AP, ALT).

Benfluralin
(95,8%, ACD
13683)
Oral (capsules)
90 days
Acceptable

Dog
(Beagle
purebred)
M, F
4/sex/dose

0, 5, 25, 125
mg/kg bw/day

↑clinical signs,

Benfluralin
(95,8%, ACD
13683)
Oral (capsules)
1 year
Acceptable

Dog
(Beagle
purebred)
M, F
4/sex/dose

0, 5, 25 or 125
mg/kg bw/day

Benfluralin
(97,3%, 231EF4), not
moistened
Dermal
21 days
Acceptable

Rabbit
(NZW)
M, F
5/sex/dose

0, 100, 325 or
1000 mg/kg
bw/day

Benfluralin
(97,3%, 231EF4),
Dermal
21 days
Acceptable

Rabbit
(NZW)
M, F
5/sex/dose

Befluralin
(no details)
Oral (dietary)
90 days
Supplementary

Dose levels
(ppm)

Effects at
LOAEL

NOAEL
(ppm)
mg/kg
bw/day

LOAEL
(ppm)
mg/kg
bw/day

Reference

421mg/k
g bw/day

Report No.
M00180

New data
for Annex
I renewal
Y/N

N
(1966)
Report No.
D96-64

↑liver weight,

25 mg/kg 125
bw/day
mg/kg
bw/day

↑AP, ↑liver
sinusoidal
cell/spleen
pigmentation
↓ body weight
change,
↑clinical signs,

25 mg/kg 125
bw/day
mg/kg
bw/day

N
(1993)
Report No.
HWA 174-135

N
(1995)
Report No.
CHV 174-143

↑AP, ↑liver
sinusoidal cell
pigmentation

0, 100, 500 or
1000 mg/kg
bw/day

Systemic: ↓food Systemic: Systemic:
100
325
(1986)
consumption and
mg/kg
mg/kg
Report No.
↓ body weights bw/day
bw/day
B02185
Local: ↑skin
irritation in the
treated skin at all
doses

Local:
<100
mg/kg
bw/day

Local:
100
mg/kg
bw/day

Systemic: ↑liver
weight and
concomitant
necrotic lesions

Systemic:
500
mg/kg
bw/day

Systemic:
1000
mg/kg
(1993)
bw/day
Report No.
DR-0097Local:
3397-002
100
mg/kg
bw/day

in the ♂
Local: ↑skin
irritation in the
treated skin at all
doses

Local:
<100
mg/kg
bw/day

N

N

Summary and conclusions on short-term toxicity
The subchronic oral toxicity of benfluralin was evaluated by means of 90 day dietary studies in the rodents (rat,
mouse) and by means of a 90 day and one year capsule feeding study in the dog.
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In the rat, the target organs were the blood, the liver and the kidney. Slight regenerative anaemia was suspected at
5000 ppm and above. Major clinical chemistry modifications at 5000 ppm and higher included increased total
bilirubin, increased γ-GT activities, and increased protein and cholesterol levels, indicating the effect on the liver,
whereas the increased BUN levels (and the elevated urinary AST and LDH activities in the females) indicated an
effect on the kidney. The increased hepatic CYP 1A-activities (based upon slight activity change of p-nitroanisole
O-demethylase), visually enlarged and heavier livers, and increased incidence of centrilobular liver cell
hypertrophy, were explained by the inductive effect of the CYP-mediated metabolic enzymes, and were thus
adaptative rather than toxic events. Renal findings included the increased organ weight in the males and the
females. The males developed nephrosis, characterised by hyaline droplets in the kidney tubules, i.e. secondary
lysosomes staining positively for α2µ-globulin, which is known to be specific for the male rat. However, an
increased incidence of pigment deposition in the kidneys of the female animals were indicative of some
nephrotoxicity, and the 90d rat NOAEL was established at 250 ppm (17 mg/kg bw/d) accordingly.

In the mouse, RBC parameters were slightly low at the top-dose (10000 ppm). Liver enzymes (AP, ALT) were
high at 3000 ppm and higher in the males. Like in the rat, the substance induced CYP-450 mediated metabolic
enzymes, with concomitant increased liver weight and hepatocellular hypertrophy. Based upon marked (>10%)
liver weight increase and increased enzyme activities, the mouse NOAEL was established at 1000 ppm (133
mg/kg bw/d).

The effect of capsule-feeding of benfluralin to the dog did not markedly affect body weight parameters. At 25
mg/kg bw/d, marginal increases of AP-activities, of liver weight and increased sinusoidal spleen cell pigmentation
was observed in the 90d or 1 yr-assay, the effects becoming more prominent at the top-dose (125 mg/kg bw/d). In
an earlier 2 yr study, some effects of the substance on the erythron were reported. At 25 mg/kg bw/d, the observed
spleen haemosiderosis was associated with an physiological adaptive response, indicating an increased RBC
turnover, the effect becoming adverse at the top-dose (slight effects on the RBC, further haemosiderosis in the
spleen, and effects appearing in the liver). Therefore, the establishment of an overall short-term dog NOAEL at 25
mg/kg bw/d was supported, while 5 mg/kg bw/d was considered a NOEL.

The subchronic toxicity of benfluralin was also studied by the dermal route in rabbit. The dermal application of
benfluralin to the rabbit during 21 day caused dermatitis at all doses, and associated inflammatory increase of
leukocytes and thrombocytes at 500 mg/kg bw/d and higher. Consequently, no NOAEL for local irritation could
be determined, and the NOAEL for systemic toxicity was set to 500 mg/kg bw/day. The setting of the overall
systemic NOAEL in the dermal studies in rabbits was discussed at the PPR-meeting.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The experts at the PPR-meeting agreed that an overall systemic NOAEL of 100 mg/kg bw per day can be set for
the dermal toxicity studies in rabbit.

RMS: NO
Co-RMS: NL

- 37 Benfluralin
Volume 1

A subchronic inhalation toxicity study conducted on benfluralin is not considered necessary since benfluralin is
not a volatile substance. The vapour pressure of benfluralin is 1.73x10-³ Pa (<10-² Pa).

2.6.4

Summary of genotoxicity

Table 2.6.4 Summary of studies on genotoxicity

Type of test, solvent
S. typhimurium (LT-2 tester
strains G46, C3076, D3052,
TA98, TA100, TA1535,
TA1537 and TA1538) and
Escherichia coli strains
WP2 and WP2uvrAS. typhimurium (TA98,
TA100, TA1535, TA1537,
TA1538), plate
incorporation assay, 0 to
0.75 mg/plate, ± S9 ,
DMSO
S. typhimurium (TA98,
TA100, TA1535, TA1537,
TA1538) and E. coli
(WP2uvrA) , plate
incorporation and preincubation assay, 0 to
5 mg/plate, ± S9, DMSO
Benfluralin Technical,
Batch 2228: Bacterial
Reverse Assay. S.
typhimurium (TA98,
TA100, TA1535, TA1537
and TA102), plate
incorporation and preincubation assay, 0 to 5
mg/plate, ± S9, DMSO
Benfluralin Technical,
Batch 2614: Bacterial
Reverse Assay. S.
typhimurium (TA98,
TA100, TA1535, TA1537
and TA102), plate
incorporation and preincubation assay, 0 to 5
mg/plate, ± S9, DMSO
Lymphoma cells
L5178Y/TK+/-,
0-0.02 mg/mL (± S9) ,
DMSO

Result

Negative

Negative

In vitro
Purity (%)
EBNA
content
Batch No.

Acceptability

97.3
231EF4

Not acceptable

97.3
231EF4

Supplementary

References

RexroatM.A,(1985a)

RexroatM.A,(1985b)

96.7
650/01*

0.04
mg/kg

Acceptable

Negative

Negative

96.2
2228*

0.085
mg/kg

Acceptable

Negative

96.6
2614*

0.058
mg/kg

Acceptable

Negative

97.3
231EF4

Deparade (2002)

Acceptable

Lloyd, M. (2017a)

Lloyd, M. (2017b)

Bewsey (1985)
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Benfluralin Technical,
Batch 2228: In vitro
L5178Y Gene Mutation
assay at the hprt locus.
Lymphoma cells
L5178Y/tk+/-,
0-0.15 mg/mL (-S9), 0-0.2
mg/mL (+ S9), DMSO
Benfluralin Technical,
Batch 2614: In vitro
L5178Y Gene Mutation
assay at the hprt locus.
Lymphoma cells
L5178Y/tk+/-, 0-0.1 mg/mL
(- S9), 0-0.175 mg/mL
(+ S9), DMSO
CHO, Chromosome
aberration assay,
0-0.125 mg/mL, DMSO
Benfluralin Technical,
Batch 2228: In vitro Human
Lymphocyte Micronucleus
Assay. ♂Human
lymphocytes, 3h; 0-0.08
mg/mL (-S9), 0-0.14
mg/mL (+S9), 24h; 0-0.08
mg/mL, DMSO
Benfluralin Technical,
Batch 2614: In vitro Human
Lymphocyte Micronucleus
Assay. ♂Human
lymphocytes, 3h; 0-0.08
mg/mL (-S9), 0-0.14
mg/mL (+S9), 24h; 0-0.08
mg/mL, DMSO
Rat, hepatocytes (ex vivo),
UDS, 0-1 mg/mL, DMSO

Negativel###

96.2
2228*

Negative

96.6
2614*

Negative**

96.63
231EF4

Negative

96.2
2228*

Negative

96.6
2614*

Negative

97.3
231EF4

0.085
mg/kg

Acceptable

0.058
mg/kg

Acceptable

Lloyd, M. (2017c)

Lloyd, M. (2017d)

Not acceptable

Koenig et al.
(1988)

0.085
mg/kg

Acceptable

Lloyd, M. (2017e)

0.058
mg/kg

Acceptable

Lloyd, M. (2017f)

Supplementary#

Hill (1985)

In vivo
♀Chinese Hamster, bone
marrow Sister Chromatid
Exchange test
(0-500 mg/kg bw)
Mouse, bone marrow
micronucleus,
2000 mg/kg bw
Benfluralin Technical,
Batch 2228: Rat Bone
Marrow Micronucleus
Assay
Benfluralin Technical,
Batch 2614: Rat Bone
Marrow Micronucleus
Assay

Supplementary #
Negative

97.3
231EF4

Equivocal***

95.8
ACD13683*

Negative****

96.2
2228*

Acceptable

(2017a)

Negative****

96.6
2614*

Acceptable

(2017b)

(1985)
Acceptable##
(2004)

*batches
with
a
lower
EBNA
content
than
the
approved
specification
(0.1
mg
/kg)
** a marked increase of polyploidy was observed at the highest doses
***in males, the mean value of micronucleated PCE in the treated group was outside the range of the mean values of the historical data,
suggesting a possible biological significant effect.
**** the mean MN PCE frequencies of the some groups treated with benfluralin were increased compared to vehicle control. To evaluate the
biological significance of the findings, the RMS considers that more information is needed about the HCD referred to (e.g. date of the study,
housing and environmental conditions, diet, vehicle).
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.# studies considered to provide supplementary information, as they are not included in the recommended test battery according to regulation
(EC) 283/2013.
## the study does not fully comply with the latest OECD guideline (TG 474, 2016) in at at least 4000 immature erythrocytes per animal should
be scored for the incidence of micronucleated immature erythrocytes,There was no reduction of the PCE:NCE ratio. It is argued that the bone
marrow should have been exposed as the substance is shown to be widely distributed in the toxicokinetic studies in the rats. It is however
questionable if this can be used as evidence for bone marrow exposure in the mouse bone marrow micronucleus test.
### the mean mutation frequency was outside the range of the mean values of the historical data in the presence of S9 at the highest
concentration tested.

In vitro studies:
Benfluralin was negative in three bacterial gene mutation studies. One of these studies is of a poor quality and
considered not acceptable. A second study is considered supplementary since only plate incorporation method was
used. A third study is acceptable, but it is to be noted that this study was conducted with a batch having a lower
content of EBNA (genotoxic impurity, 0.04 mg/kg) than the approved specification (0.1 mg /kg). The substance
did not induce gene mutation in vitro in the L5178Y mouse lymphoma cells. An unscheduled DNA synthesis test
in vitro in rat hepatocytes was negative, but the study is considered only to provide supplementary information as
it is not included in the recommended test battery according to regulation (EC) 283/2013. The in vitro
chromosome aberration assay in the CHO cells was also negative, but an increase of polyploid cells was observed
in the absence S9. This study is considered not acceptable due to significant deviations from the guidelines.

The genotoxicity studies have been updated with two studies on bacterial gene mutation, two studies on forward
gene mutation in vitro in the hprt locus in L5178Y mouse lymphoma cells and two in vitro human lymphocyte
micronucleus assays spring 2018 to support a new specification. The studies were conducted with two different
batches of benfluralin. The bacterial gene mutation studies were negative and are considered acceptable. One
study in the L5178Y mouse lymphoma cells is considered to be negative, while the other equivocal (Batch 2228)
since the mean mutation frequency (MF) value (10.04 MF) increased above the historical control data (1.29-9.08
MF) in the presence of S9 with the highest concentration tested (200 µg/mL). Both studies are acceptable. The in
vitro human lymphocyte micronucleus studies were negative, but one single increase in micronucleated binucleate
cells (MNBN) in one of the studies was observed in the absence of S9 at the highest concentration analysed. The
mean duplicate MNBN cell frequency at this concentration was, however, within the historical control range. The
two studies are considered acceptable. It should be noted that the two batches used in the recently submitted
studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved specification (0.1 mg /kg).

In vivo studies:
Benfluralin did not induce sister chromatid exchange in Chinese hamster bone marrow, but the study has some
deviations from the guideline and is not included in the recommended test battery according to regulation (EC)
283/2013. In a mouse bone marrow micronucleus test, the mean value of micronucleated PCE was slightly high
(due to 5/6 animals exhibiting 2.5-3.5‰ MNPC) at 24 h sampling, but the effect did not attain statistical
significance. These values were within the range of historical control data. However the mean value of the treated
group (2.6 ‰ MNPC) was outside the range of the mean values of the historical data (0.3-2.2 ‰ MNPC). There
was no reduction of the PCE:NCE ratio. It is argued that the bone marrow should have been exposed as the
substance is shown to be widely distributed in the ADME studies in the rats. It is however questionable if this can
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be used as evidence for bone marrow exposure in the mouse bone marrow micronucleus test since no ADME
studies on the mouse are available. It should be noted that the study does not fully comply with the latest OECD
guideline (TG 474, 2016) in at at least 4000 immature erythrocytes per animal should be scored for the incidence
of micronucleated immature erythrocytes. It is also to be noted that the mouse micronucleus study was conducted
with a batch having a lower content of EBNA genotoxic impurity (0.04 mg/kg) than the current specification (0.1
mg/kg). Two new studies were conducted to support a new specification. In the first study (Batch 2228) the mean
MN PCE frequencies of the groups treated with benfluralin were increased compared to vehicle control. The
increases were statistically significant (P≤0.05) at 500 and 2000 mg/kg bw/day. The study author considers that
the statistical significance at 500 and 2000 mg/kg bw/day was of no biological relevance as all individual animal
and group mean micronucleus frequencies fell within the laboratory's historical vehicle control 95% reference
range, and there was no evidence of a dose-related effect. To evaluate the biological significance of the findings,
the RMS considers that more information is needed about the HCD referred to (e.g. date of the study, housing and
environmental conditions, diet, vehicle). Information about how the 95% CI of the HCD was calculated. Due to
the lack of this information RMS considers the study results as equivocal. In the second study (Batch 2614) there
was no statistical increase the mean MN PCE frequencies. However the mean MN PCE frequency was higher at
high dose when compared with the concurrent control. To evaluate the biological significance of the findings, the
RMS considers that more information is needed about the HCD referred to (e.g. date of the study, housing and
environmental conditions, diet, vehicle). Information about how the 95% CI of the HCD was calculated. Due to
the lack of this information RMS considers the study results as equivocal. It should be noted that the two batches
used in the recently submitted studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved
specification (0.1 mg /kg).

Conclusion:
Benfluralin was negative in studies investigating gene mutations in vitro in bacteria and in mammalian cells. The
in vitro chromosomal aberration study was negative, but is considered not acceptable due to significant deviations
from the guidelines. The recently submitted in vitro genotoxicity studies were clearly negative except for the in
vitro gene mutation assay at the hprt locus (Lloyd M, 2017c) tested with the highest specification of EBNA (Batch
2228, 0.085 mg/kg). RMS considers the result to be equivocal as the mean mutation frequency at the highest
concentration tested (200 µg/ml) in the presence of S9, was not within the distribution of the historical negative
control data. The result is difficult to interpret due to the observed precipitation at this concentration and the study
should have been repeated to demonstrate a clearly negative result and to exclude biological relevance. At the
PPR-meeting, however, it was noticed that for the in vitro L5178Y Gene Mutation Assay at the hprt locus in the
OECD 476 it is stated that positive effects observed in the presence of precipitation could be artefactual, therefore
it could be considered negative.
The single increase in MNBN cells at the highest concentration analysed (70 µg/mL) in the absebce of S9 in one
of the in vitro human lymphocyte micronucleus study (Lloyd M, 2017e) is considered acceptable as the mean
value at this concentration fell within the historical vehicle range. The new submitted gene mutation studies
considered acceptable have not been conducted with the approved specification of EBNA at 0.1 mg/kg.
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In the in vivo mouse bone marrow micronucleus study, in males, the mean value of micronucleated PCE was
slightly high (due to 5/6 animals exhibiting 2.5-3.5‰ MNPC) at 24 h sampling, but the effect did not attain
statistical significance. These values were within the range of historical control data. However the mean value of
the treated group (2.6 ‰ MNPC) was outside the range of the mean values of the historical data (0.3-2.2 ‰
MNPC), suggesting a possible biological significant effect. There was no reduction of the PCE:NCE ratio. It is
argued that the bone marrow should have been exposed as the substance is shown to be widely distributed in the
ADME studies in the rats. It is however questionable if this can be used as evidence for bone marrow exposure in
the mouse bone marrow micronucleus test since no ADME studies on the mouse are available. It should be noted
that the study do not fully comply with the latest OECD guideline (TG 474, 2016) in at at least 4000 immature
erythrocytes per animal should be scored for the incidence of micronucleated immature erythrocytes. Two new
studies were conducted according to OECD guideline ( TG 474, 2016) to support a new specificartion. In the first
study (Batch 2228) the mean MN PCE frequencies of the groups treated with benfluralin were increased compared
to vehicle control. The increases were statistically significant (P≤0.05) at 500 and 2000 mg/kg bw/day. The study
author considers that the statistical significance at 500 and 2000 mg/kg bw/day was of no biological relevance as
all individual animal and group mean micronucleus frequencies fell within the laboratory's historical vehicle
control 95% reference range and there was no evidence of a dose-related effect. Due to the lack of information
regarding the HCD referred to, the RMS do not agree with the study authors and considers the study results as
equivocal. In the second study (Batch 2614) there was no statistical increase the mean MN PCE frequencies.
However the mean MN PCE frequency was higher at high dose when compared with the concurrent control. Due
to the lack of information regarding the HCD referred to, the RMS do not agree with the study authors and
considers the study results as equivocal. It should be noted that the two batches used in the recently submitted
studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved specification (0.1 mg /kg).

Regarding the bone marrow exposure, all experts at the PPR-meeting agreed that available information supported
the exposure of the bone marrow (ADME data show benfluralin is present in blood and bone marrow is a highly
perfused tissue). Regarding the result of the studies, the majority of the experts agreed to consider the in vivo
studies conducted with Batch 2228 and Batch 2614 negative.

It is to be noted that two key studies, the in vivo mouse bone marrow micronucleus study (

, 2004)

and the more recent Ames study (Deparade , 2002) were conducted with batches of lower content of the genotoxic
impurity EBNA (0.04 mg/kg and < 0.03 mg/kg respectivly) than the current specification (0.1 mg /kg). Overall it
can be concluded that it is not clearly demonstrated that benfluralin (with the current specification of 0.1 mg
EBNA/kg) is devoid of genotoxic potential.
As the in vitro chromosome aberration study is considered not acceptable and the in vivo mouse bone marrow
micronucleus study is not clearly negative, a data gap for clastogenic properties of benfluralin is identified.
Two Ames studies and two MLA studies were conducted on two different batches of the new specification. They
were acceptable and negative except for one MLA which is considered equivocal. Two acceptable MNvit studies
were conducted on two different batches to support the new specification and were negative. The data gap for
clastogenic properties in vitro is considered fulfilled. However, two new in vivo bone marrow micronucleus have
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been conducted with equivocal results. The RMS is therefore still of the opinion that it is not clearly demonstrated
that benfluralin is devoid of genotoxic potential. It should be noted that the two batches used in the recently
submitted studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved specification (0.1 mg
/kg).

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
During the PPR-meeting, the majority of the experts considered all genotoxicity studies conducted with Batch
2228 and Batch 2614 negative. Overall, it was therefore concluded that benfluralin is unlikely to be genotoxic and
is devoid of genotoxic potential. Considering that the impurity EBNA is genotoxic, the experts agreed that the
technical specification should be revised and limited to a level of 0.085 mg/kg for the impurity EBNA.
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2.6.5

Summary of long term toxicity and carcinogenicity

Table 2.6.5. Summary of studies on long-term toxicity and carcinogenicity.
Test substance Species
Dose
Effects at LOAEL
NOAEL
(Purity/batch) / Strain
levels
(ppm)
Route / Study
Sex
(ppm)
mg/kg
duration/
No./grou
bw/day
acceptability
p
Vehicle
Benfluralin
Rat
0, 1000,
(95.6%, X5000,
11424)
10000
Oral (dietary)
2 years
Not acceptable
Befluralin
(95.8%,
ACD13683)
Oral (dietary)
2 years
Acceptable

Rat
CDF®(F344)
BR
60 M/F

0
10
100
2500
5000

Increase in liver cell
pigmentation, increase in
hyalin droplets in the
females, increase in
hepatocellular and thyroid
tumours

Benfluralin
(95,25%,
231EF4)
Oral (dietary)
2 years
Acceptable

Mouse
B6C3F1/
,
60 M/F

0
50
300
1500

Dog
(mongrel
s, not
purebred)
4 M/F

0; 5, 25
or 125
mg/kg
bw/day

Decrease in body weight
gain, at higher doses:
increase in ALT, increase in
liver weight, increase in
hepatocellular hyperplasia,
increase in hepatocellular
adenoma/carcinoma in the
females
-

Benfluralin
(95,6%,
X11424)
Oral (capsules)
2 years
Supplementary
M. male; F: female

LOAEL
(ppm)
mg/kg
bw/day

Reference

-

New data
for Annex
I renewal
Y/N

N
(1973)
Report No.
R-0295

toxicity:
(10)
0.5
carcinogenicity:
(100)
5.4
toxicity:
(50)
6
carcinogenicity:
(50)
6

toxicity:
(100)
5.4
carcinogenicity:
(2500)
136.3
toxicity:
(300)
36.4
carcinogenicity:
(300)
36.4

-

-

N
(1996)
Report No.
CHV 174133

N
(1988b)
Report No.
M02785
and
M02786
N
(1972)
Report No.
D-92-65

Summary and conclusions on long-term toxicity and carcinogenicity
The liver, the thyroid and the kidneys were the target organs after long-term administration of Benfluralin to the
F344 rat. At the two highest doses (2500 and 5000 ppm), survival and body weight parameters were affected. Rats
were anaemic and showed clinical chemistry modifications consistent with liver and kidney impairment. Liver and
thyroid weights, but also adrenal and testes weights were increased.
At 100 ppm and above, kidney calculi were observed, which were believed to be the primary cause, both the
exacerbation of nephropathy (CPN) and of transitional cell hyperplasia, possibly leading to tubular cell adenoma
(males) at the top-dose. In addition, the increased incidence and severity of hyaline droplets at 100 ppm and above
was explained by the accumulation of α2µ-globulin, which was considered to be a characteristical feature of the
aging male rat. However, as the finding was also evident in the female rat, the relevance for the human was not
disregarded, and the chronic toxicity NOAEL was established on this basis. The effects in the liver included
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hepatocellular pigmentation and centrilobular hypertrophy at 100 ppm and above, along with hepatocellular
necrosis and sinusoidal cell pigmentation at the highest doses. At these doses, the combined incidence of
hepatocellular adenoma and carcinoma was high in the males. Thyroid lesions comprised an increase of follicular
hyperplasia and cysts at 2500 ppm and higher and follicular hypertrophy at the top-dose in both sexes. Thyroid
follicular cell adenoma and carcinoma were increased at 2500 ppm and higher. The notifier pointed out that the
tumours seen in the rat are not genotoxic in origin (as benfluralin was non genotoxic) and that, based on new
mechanistic data, the observed benfluralin-induced liver and thyroid tumours are caused by CAR- and UGTmediated mode of actions, respectively, both of which are not relevant to humans. However, RMS is of the
opinion that it has not been clearly demonstrated that benfluralin is devoid of genotoxic potential, (for further
details see section B.6.4) and that the mechanisms for benfluralin-induced liver and thyroid tumours are not
relevant for humans (for more details see section B.6.5.8 B.6.8.2). Therefore, the conclusion from the previous
evaluation (DAR, 2006) has not been changed, and the carcinogenicity NOAEL is still established on the
increased liver and thyroid tumour incidence in the next-higher dose. The carcinogenicity NOAEL in rats was also
discussed at the Pesticides Peer Review expert meeting 182. All experts agreed to set the carcinogenicity NOAEL
at 100 ppm (5.4 mg/kg bw per day), based on hepatocellular and thyroid tumours observed the next dose level
(2500 ppm – 136.3 mg/kg bw/day). At the top-dose, the incidence of Leydig cell tumours was slightly elevated,
but only in the 1 year sacrifice group. In addition, a slight increase of kidney adenoma was also apparent at the
top-dose. Noteworthy was also the increased sciatic nerve and concomitant skeletal muscle degeneration at the
top-dose. However, as no other brain or neural chord lesions were observed at any dose, the effect was attributed
to the extremely high toxicity rather than to a specific neuropathy.

In the mouse, body weight gain was markedly depressed at 300 ppm and above, but occasional decreases were
already observed at 50 ppm. The chronic toxicity NOAEL which during the previous evaluation (DAR, 2006) was
established at < 50 ppm, was discussed at a the PRAPeR Expert Meeting 34 (22 – 26 October 2007). The meeting
considered the findings on the body weight as doubtful and a toxicity NOAEL of 50 ppm (6 mg/kg bw/day) was
agreed for the mouse study, to which the RMS agrees. Marginal perturbations of the erythron were noted at the
top-dose, and were more marked at 1 year than at termination. The target organs were the kidney and the liver.
The mouse urologic syndrome was observed in all treated male mice, but was most marked at the top-dose (BUN
was modified at the two highest doses). Hepatotoxicity occurred at 300 ppm and higher, and was supported by
increased AP and ALT-activities, and increased liver weights. At these doses, the livers showed a nodular aspect
(females). Hepatocellular hyperplasia was increased at 300 ppm (males) and above (males, females), and the
combined incidence of adenoma or carcinoma was raised at these doses. During the previous evaluation (DAR,
2006), the carcinogenicity NOAEL was established at 300 ppm = 36.4 mg/kg bw/day, based on a comparison of
the incidences of hepatocellular adenoma and carcinoma with an in-house contemporary historical control
incidence of liver neoplasia in the females (based on studies conducted from 1980 onwards). To RMS opinion, the
established carcinogenicity NOAEL should be 50 ppm (6 mg/kg bw/day), taking into account the increased
incidence at 50 and 300 ppm, the statistically significant trend which was detected when the Peto’s survival
adjusted trend test was applied (p=0.018), as well as the appropriateness of the in-house control data.
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However, at the last Pesticides Peer Review expert meeting 182 (3-7 September 2018), the majority of the experts
concluded that the low dose level of 50 ppm (corresponding to 6 mg/kg bw per day) should rather be considered as
a LOAEL for carcinogenicity.

In conclusion, liver and thyroid tumours were observed in the rat (along with a slight increase of kidney adenoma
and Leydig cell tumours). In the mouse, the combined incidence of hepatocellular adenoma/carcinoma was also
increased. There was insufficient evidence for a non-relevant mode of action for humans (reference to studies
conducted with the dinitroaniline analogues pendimethalin and trifluralin, and new mechanistic data). With respect
to the carcinogenicity, RMS therefore suggests that benfluralin should still be considered carcinogenic in the rat
liver and thyroid and in the mouse liver, until it has been clearly demonstrated that benfluralin is non-genotoxic
and acts via mechanisms considered to be of non-relevance for humans. It should be noted that it was concluded at
the PPR 182 expert meeting that benfluralin, with a technical specification limited to a level of 0.085 mg/kg for
the impurity EBNA, is unlikely to be genotoxic (for further details see section B.6.4).

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Regarding the long-term study in rats, all experts agreed to set the carcinogenic NOAEL at 5.4 mg/kg bw per day
based on hepatocellular and thyroid tumours at 136.3 mg/kg bw per day.
Regarding the long-term study in mice, the majority of experts agreed with a carcinogenic LOAEL at 6 mg/kg bw
per day based on hepatocellular carcinomas in females only.

The previous proposal for classification as Carc 2, H351, is maintained.

2.6.6

Summary of reproductive toxicity

Table 2.6.6 Summary of reproductive toxicity studies.
Test substance Species
Dose levels
Effects at LOAEL
(Purity/batch) / Strain Sex (ppm)
Route / Study
No./group
duration/
Vehicle
acceptability
Benfluralin
(95.6%, X11424)
Oral (dietary)
5 generations
Not acceptable

Rat
30M&40F
/dose

0, 1000, 5000
ppm
equivalent to
0, 50 , 250
mg/kg bw/d

Parental toxicity:

NOAEL
(ppm)
mg/kg
bw/day

-

↓body weight gain
↑mortality
↑liver fatty
metamorphosis
Offspring toxicity

LOAEL
(ppm)
mg/kg
bw/day

1000
ppm
(lowest
dose
tested)

↓postnatal survival
↓pup weight
Reproductive:

Reference

New data
for Annex
I renewal
Y/N

N
(1973b)
CA 5.6.1/01
Report No. R0305, R-0795,
R-0316, R0057 and R0657

↓implantations
↓live foetuses

Benfluralin

Rat

0, 100, 1000,

↓postnatal survival
index
Parental toxicity:

Parental

Parental,

(1995)

N
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Test substance
(Purity/batch) /
Route / Study
duration/
acceptability

Species
Strain Sex
No./group
Vehicle

(95.8%, ACD
13683)
2-generation
reproductive
study
Supplementary
Acceptable

SpragueDawley

Dose levels
(ppm)

5000 ppm
equivalent to
:CD®BR 0; 5.5; 52.6
39 rats/sex/ or 278.3
dose
mg/kg
bw/day in
males and 0;
7.4; 69.5 or
334.4 mg/kg
bw/day in
females
(premating
period)

Benfluralin
(95,3%, 219EF4)
Rat, Teratology
Range-finding
Supplemental

Rat
:CD®(S
D)BR
Female
5
dams/dose
Benfluralin
Rat
(97,3%, 231EF4)
:CD®(S
Rat, Teratology D)BR
Acceptable
Female
25
dams/dose

0, 50, 100,
225, 475,
1000
mg/kg
bw/day

Benfluralin
(96,8%,
858929),
Rabbit,
Teratology
Supplemental

Rabbit
Dutch
Belted
Female
15
dams/dose

Benfluralin
(97,3%, 231EF4)
Rabbit,
Teratology
Acceptable

Rabbit
(NZW)
Female
20
dams/dose

Exploratory
study: 1000,
2000 mg/kg
bw/day
Main study:
0, 50, 100
mg/kg
bw/day
0, 25, 50,
100, 225,
mg/kg
bw/day

0, 50, 225,
475, 1000
mg/kg
bw/day

Effects at LOAEL

NOAEL
(ppm)
mg/kg
bw/day

LOAEL
(ppm)
mg/kg
bw/day

Reference

↓birth weight gain
↑liver weight
↑kidney weight
↑nephropathy
↑yellow abdominal
fat
Offspring :
↓birth weight (F1)
↓pup weight d4-21
(F1/F2)
Repoductive

100 ppm
= 5.5
mg/kg
bw/day

systemic
1000
ppm = x
mg/kg
bw/day

Report No.
971155

↓viability index
↓weaning index

Maternal:
↓Food consumption
↓body weight
Foetal:
No effects seen

New data
for Annex
I renewal
Y/N

Offspring
100 ppm
= 5.5
mg/kg
bw/day

Offspring
systemic
1000
ppm = x
mg/kg
Reproduc bw/day
tive
1000
Reproduc
ppm =
tive 5000
52.6
ppm
mg/kg
=278.3
bw/day
mg/kg
bw/day

Maternal:
225
mg/kg
bw/day
Foetal:
Maternal:
Maternal:
↓body weight gain
225
Foetal:
mg/kg
↑centra abnormalities bw/day
of the vertebrae
Foetal:
475
mg/kg
bw/day
Maternal:
Maternal:
↓body weight
100
↑deaths ↑abortions
mg/kg
Foetal:
bw/day
↑deaths ↑ resorptions Foetal:
100
mg/kg
bw/day
Maternal:
Maternal:
↓voided faeces
50 mg/kg
↓food consumption
bw/day
↓body weight gain
Foetal:
Foetal:
100
↑accessory skull
mg/kg
bones
bw/day

Maternal:
475
mg/kg
bw/day
Foetal:
Maternal:
475
mg/kg
bw/day
Foetal:
1000
mg/kg
bw/day
Maternal:
1000
mg/kg
bw/day
Foetal:
1000
mg/kg
bw/day
Maternal:
100
mg/kg
bw/day
Foetal:
225
mg/kg
bw/day

N
(1985a)
Report No.
6180-100
N
(1985b)
Report No.
6180-101

N
(1973c)
Report No.
B-07-68

N
(1991)
Report No.
3130.9

Summary and conclusions on reproductive toxicity
The two –generation study in the rat is the main reproductive study. However, the study has several endpoints
missing, and is regarded as supplemental. As several endpoints were missing, the study was initially considered as
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supplementary by RMS. However, at the PPR expert meeting 182, it was agreed that the study was considered
acceptable for the purpose of setting the parental and offspring’s NOAELs. The multi- generation study is seen as
non-acceptable.

At the high dose (5000 ppm) there was seen reduced food consumption, body weight, and body weight gain.
Increased liver and kidney weights with histopathological changes were seen. This was more prominent in the
second generation (F1) where nearly all rats had nephropathy. Hyaline droplets were only seen in F1 males. Two
females in F0 and one female in F1 died unscheduled of chronic progressive nephropathy. A few females in the
first generation (F0) and half of the females in F1 had uterus dilatation whereof 3 at both generations had fluid
filled lumen. The majority if F1 (male and female) had yellow/orange/dark coloured abdominal fat, but only 2
females in F0. Some animals showed alopecia.

There were several reproductive effects seen at the highest dose level. The increased gestational length reached
significance in the second generation. The mean total live born was reduces for both generation and there were
reduces viability and survival of the pups. The effects were higher in the second generation. It is not known if the
reduced survival of the pups is cause by effects on the pups in utero, effects via the milk, or effects on the rearing
of the pups.

Some high dose pups were observed as weak, pale and cold, and with no milk in their stomachs. The birth weight
was reduced only in the first generation pups. However, there was seen weight reduction of the pups in both
generations at day 4 and onward. Some pups from the second generation had yellow abdominal fat.
At the mid-dose (1000 ppm) there were seen slightly reduced food consumption and sporadically reduced body
weight gain in the parental animals. There were increased liver weights (>10%) in both generations. Both males
and females had increased kidney weights and nephropathy in the second generation. One male and one female in
the second generation had yellow –coloured abdominal fat. There were no significant effects for reproductive
parameters at 1000 ppm that makes it the reproductive NOAEL (52.6 mg/kg bw/day). However, only at limited
number of reproductive endpoints were investigated in the study.
Offspring at 1000 ppm showed a reduction in body weight in both generations and a reduced viability index in the
first generation.There was no significant effects at the lowest dose rendering 100 ppm (5.5 mg/kg bw/day) as the
NOAEL for both parental animals and offspring in the reproductive study.
In the main developmental study in the rat, there was seen effects on body weight gain at 475 and 1000 mg/kg
bw/day. Foetal effects was an increase in centra abnormalities of the vertebrae at 1000 mg/kg bw/day. The
Maternal NOAEL in the rat is thus 225 mg/kg bw/day and the foetal NOAEL 475 mg/kg bw/day.
In the mail developmental study in the rabbit there waere seen effects on the maternal food consumption and body
weight at 100 and 225 mg/kg bw. There was also some abortions at the highest dose level. NOAEL for Maternal
effects is 50 mg/kg bw/day. Foetal effects were few, but some effects were seen on the accessory skull bones at
the highest dose level. NOAEL for foetal effects is 100 mg/kg bw/day.
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Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Regarding the 2-generation reproductive toxicity study, the study was considered acceptable for the purpose of
setting the parental and offspring’s NOAELs. The parental and offspring’s NOAELs are 5.5 mg/kg bw/day based
on increased liver and kidney weight and histopathological changes, decreased BW in pups F1 and F2 as well
increase in pup mortality in F1; and the reproductive NOAEL is 52.6 mg/kg bw/day, based on reduced viability
and weaning indices at the top dose. Furthermore, the experts suggested that considering the effects reported in the
study on the empty stomach of pups, the RMS is to investigate whether classification for the transfer to milk
would be appropriate when drafting the CLH report.

Regarding the developmental toxicity in rats and in rabbit, all experts agreed with the RMS conclusion. In the rat
study, the maternal NOAEL is 225 mg/kg bw/day, based on reduced BWG, and the developmental NOAEL is 475
mg/kg bw/day based on increased incidence of variations (vertebrae/sternebrae) at the top dose level. In the main
developmental study in the rabbit, the maternal NOAEL is 50 mg/kg bw/day, based on reduced food consumption
and body weight gain at 100 mg/kg bw/day, and the developmental NOAEL is 100 mg/kg bw/day, based on
increased incidences of effects on accessory skull bones at 225 mg/kg bw/day.

2.6.7

Summary of neurotoxicity

Benfluralin is a dinitroaniline compound, and has no structural relationship with organophosphate compounds. In
repeated toxicology investigations, the compound provoked no histopathological changes in the brain, but
peripheral nerve pathology (sciatic nerve degeneration) was reported (2yr study) at the top-dose only. However,
given the mode of action of Benfluralin, delayed neurotoxicity studies were not deemed necessary.

2.6.8

Other toxicological studies

2.6.8.1 Toxicity studies of metabolites and relevant impurities
QSAR analysis shows that many impurities have genotoxic structural alerts, se information in volume 4. The
impurity EBNA is genotoxic and carcinogenic. No studies on metabolites were submitted.

This part is updated and two studies have been submitted on genotoxicity with benfluralin metabolite B12
identified in soil, see Vol. 3, B.8.1.1.1.
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Summary
Table 2.6.8.1 Summary of studies on genotoxicity, metabolite B12
In vitro
Purity (%area)
Type of test, solvent
Result
Batch No.
S. typhimurium (TA98,
TA100, TA1535 and
TA1537) and Escherichia
99.47
coli strains WP2 uvrA
Negative
(pKM101), plate
78454
incorporation and preincubation assay, 0 to 5
mg/plate, ± S9, DMSO
Lymphoma cells
L5178Y/tk+/-,
99.47
0-0.250 mg/mL (3h,
Negative
78454
±S9), 0-0.130 mg/mL
(24h, -S9), DMSO

Acceptability

References

Acceptable

Woods, I.(2018a)

Acceptable

Woods, I.(2018b)

Results:
Metabolite B12 (referred to as 2,6 dinitro-4-(trifluoromethyl)phenol in the study reports) was tested according to
the Ames test and for mutagenic potential in an in vitro mammalian cell mutation assay (thymidine kinase gene).
The test item was negative in both studies.

Conclusion:
The genotoxicity hazard screening showed that metabolite B12 was negative in studies investigating gene
mutations in vitro in bacteria (OECD guideline 471) and in mammalian cells (OECD guideline 490). Both studies
(Woods, 2018a and b) were acceptable and conducted according to guidelines. According to Sanco/221/2000 rev.
10, 25 Feb 2003*, further testing should be performed as in vitro mammalian chromosomal aberration test (OECD
guideline 473) is not submitted.
*Guidance Document on the Assessment of the Relevance of Metabolites in Groundwater of Substances regulated under Council Directive
91/414/EC, Sanco/221/2000, rev. 10, 25 Feb 2003.

2.6.8.2 Supplementary studies on the active substance
A mechanistic study was submitted, with the purpose to examine the possible mechanism for benfluralin-induced
liver tumors in F344/DuCrl rats. There were some indications that CAR may be involved, as elevated activities of
the hepatic enzymes PROD and UGT, as well as hepatocellular proliferation was demonstrated. However, as also
elevated levels of EROD were demonstrated, a mechanism involving activation of the Ah-receptor cannot be
excluded. In the study report from the notifier, it is suggested that the elevated EROD activity is likely produced
through a rat specific AhR-independent mechanism. The notifier argument is however not supported by studies
with benfluralin showing no activation in mice. It is to be noted that in the previous evaluation (DAR, 2006),
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CYP1-450 induction assayed by determining the p-nitroanisole O-demethylase activity, was detected in the short
term toxicity study with mice. This indicates Ah-receptor activation in the mice. To RMS’s opinion the
mechanism of liver tumours induced by benfluralin has therefore not yet been fully demonstrated. Notably, the
involvement of CAR in this mechanism has not yet been fully investigated as apparently no studies have been
conducted with human cells, or with CAR knockout mice.

With respect to the possible mechanism for thyroid tumours, UGT activation and as well as decrease in T4 was
demonstrated. However, as TSH was not affected, the possible mechanism that the decrease in T4 stimulates the
pituitary to release more TSH that drives the thyroid to make more T4, was not demonstrated. It should be noted,
that no evidence of effects on thyroid endpoints were seen in other species than the rat in the mammalian repeat
dose toxicity studies on benfluralin, except for increased thyroid weights in a subacute dog study (
1966) which was of old age and considered supplementary. Additionally, a pattern of reduced T4 levels with
corresponding increased TSH levels was demonstrated in the ED studies (males, females, pubertal assay), see
2.6.8.3 for further details.

In conclusion, the possible mechanisms for benfluralin-induced liver tumours have not been demonstrated by the
current investigation. With regard to thyroid tumours, it can, based on an overall assessment, be concluded that the
thyroid tumours observed in rats are likely to be rodent-specific.

2.6.8.3

Studies on endocrine disruption

Weight of the evidence analysis on endocrine disruption
Introduction
Several tests on endocrine disruption (ED) belonging to level 2, 3 and 4 of the OECD conceptual framework (CF)
have been submitted for benfluralin (Table 2.6.8.3-01). For investigating possible modes of action (MoA) for
endocrine effects, five in vitro studies (level 2) and two in vivo studies (level 3) have been submitted. For
investigating adverse effects in vivo, two studies from level 4 have been submitted. These ED-specific studies
were originally conducted as a part of the Tier 1 screening battery under the United States Environmental
Protection Agency (US EPA) screening program for endocrine disruption (EDSP). Consequently, most studies
were conducted in accordance with the US EPA test guidelines (except for the Hershberger and Uterotrophic
assays, which were conducted according to both US EPA and OECD guidelines). For studies conducted according
to the US EPA guideline only, but where corresponding OECD guidelines are available, an overall assessment
have been made according to both guidelines. In cases where the interpretation criteria in the two guidelines
differs, the interpretation criteria in the corresponding OECD guideline has been used.

In addition to the ED-specific tests, the CF also list several other regulatory studies (e.g. repeat-dose toxicity
studies, the 2-generation study) as relevant sources of information when assessing ED-effects. However, the
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relevance of these studies for assessing ED-endpoints highly depend on whether or not the study has been
conducted according to the newer versions of the test guideline - older versions of the test guidelines typically did
not include many ED-endpoints. For benfluralin, no adequate level 5 study for investigating endocrine sensitive
endpoints have been submitted. The reproductive studies available are of limited value for assessing endocrine
effects, because very few ED-endpoints were included (for further details, refer to B.6.6). According to the OECD
Guidance Document no. 150 on standardised test guidelines for evaluating chemicals for endocrine disruption,
data from the female and male pubertal assay can be used to investigate the occurance of endocrine effects in cases
where limited reproductive data are available (e.g. study not conducted to modern standards or not containing
endpoints for sexual development). Thus, it is the opinion of the RMS that the most relevant studies on benfluralin
for concluding on adverse effects on endocrine endpoints is the male and female pubertal assay. Additionally,
information from other repeat dose toxicity studies (listed as relevant in the OECD CF) has been considered in the
weight of the evidence (WoE) analysis below.
Table 2.6.8.3-01: Available regulatory studies on endocrine disruption in mammalian toxicology, arranged according to
level 2 – 4 in to the OECD Conceptual Framework (CF). These studies were submitted for the purpose of renewal of
benfluralin.

Study

Guideline,
GLP

Estrogen
US EPA
receptor
890.1250
binding assay GLP

Estrogen
receptor
transcriptional
activation
assay
Androgen
receptor
binding assay

US EPA
890.1300
GLP

US EPA
890.1150
GLP

Steroidogenesis US EPA
assay
890.1550
GLP

Human
recombinant
aromatase
assay

US EPA
890.1200
GLP

Purity,
Batch
Doses
Vehicle

Results/Remarks

In vitro assays – OECD CF level 2
97.5%
Negative.
ACD13683 The study is considered
10-10 – 10-3 supplementary.
M
Ethanol
97.5%
Positive.
ACD13683 The study is considered
10-10 – 10-4 supplementary.
M
DMSO
97.5%
Negative.
ACD13683 The study is considered
10-10 – 10-3 supplementary.
M
Ethanol
97.5%
Negative.
ACD13683 The study is considered
10-10 – 10-4 supplementary.
M
DMSO
97.5%
Negative.
ACD13683 The study is considered
10-10 – 10- supplementary.
4.5 M
DMSO

Reference

Study
ID

LeBaron, M.J,
111123
Schisler, M.R, and
Visconti, N.R (2011a)

LeBaron, M.J and
Kan, H.L (2011).

101184

LeBaron, M.J,
111097
Schisler, M.R, and
Visconti, N.R (2011b)

LeBaron, M.J, Kan,
H.L and Perala, A.J
(2011c).

101183

Coady, K.K and
101143
Sosinski, L.K (2011).
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Table 2.6.8.3-01 continued: Available regulatory studies on endocrine disruption in mammalian toxicology, arranged
according to level 2 – 4 in to the OECD Conceptual Framework (CF). These studies were submitted for the purpose of
renewal of benfluralin.

Study

Guideline,
GLP

Uterotrophic
assay

US EPA
890.1600/
OECD 440
GLP

Hershberger
assay

US EPA
890.1400/
OECD 441
GLP

Female
US EPA
pubertal and 890.1500
thyroid
GLP
function assay

Male pubertal US EPA
and thyroid
890.1450
function assay GLP

Purity,
Batch
Doses
Vehicle

Results/Remarks

Reference

In vivo assays – OECD CF level 3
97.5%
Negative for estrogenic effects.
ACD13683 Some indications of anti0, 25, 75, 200 estrogenicity (significantly reduced (2011).
mg/kg
wet and blotted uterine weights)
bw/day
97.5%
Positive for anti-androgenic effects
ACD13683 (significant reduction in weights of
0, 50, 250, two ASTs). Negative for androgenic
750 mg/kg effects.
bw/day
In vivo assays – OECD CF level 4
97.5%
Positive, based on the delay in
ACD13683 vaginal opening at 300 mg/kg
0, 25, 75, 300 bw/day with corresponding
(2012b).
mg/kg
increased age at first estrus,
bw/day
decreased weights of the pituitary,
ovaries and blotted uterus, and
significantly decreased T4 levels in
mid- and high-dose groups with
corresponding increases in TSH
levels at the highest dose group.
97.5%
ACD13683
0, 25, 100,
400 mg/kg
bw/day

Positive, based on significant
decreases in several androgen
sensitive tissues corresponding with (2012c).
significantly decreased levels of
serum testosterone and slight
decreased spermatic elements in the
right epididymis, in addition to
significant effects on thyroid
endpoints (decreased T4 levels with
corresponding increases in TSH
levels, increased thyroid weights
and altered thyroid histopathology).

Study
ID

101116

101114
(2012a).

111073

111074

Adverse effects observed in vivo
Effects on androgen-sensitive endpoints
Treatment-related effects on androgen-sensitive endpoints were seen in both of the in vivo studies from the OECD
CF. In the male pubertal assay, several androgen sensitive tissues were significantly decreased in high dosed
animals (seminal vesicles with coagulating glands, ventral prostate, dorsolateral prostate, LABC, left epididymis,
right epididymis and testis) with corresponding decreased serum testosterone levels and histopathological changes
(slight decreased spermatic elements in the right epididymis). Adverse effects were evident from 100 mg/kg
bw/day (decreased weight of right epididymis). Dose-dependency was observed for several of the effects on
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androgen sensitive endpoints, which further strengthens the evidence for the effects being treatment-related.
Although age at preputial separation was not affected at any dose level, the significant changes in several
androgen sensitive tissues corresponding with significantly decreased levels of serum testosterone and slight
decreased spermatic elements in the right epididymis are considered indicative of an treatment-related antiandrogenic effect. The anti-androgenic effects observed in the Male Pubertal Assay was confirmed in the
Hershberger assay: significant reduction in weights of two ASTs (seminal vesicles and LABC) with coinciding
reduced serum testosterone levels.

In the repeat-dose studies on benfluralin, increased testis weight was seen in the rat chronic/carcinogenicity study,
and swollen appearance of the scrotum was seen at necropsy (

1996). Furthermore, an increased

incidence of Leydig cell tumours was detected at the top dose in the 1 year sacrifice group. However, at
termination the incidence was not markedly higher than the incidence in the controls. Overall, the incidence in all
animals was 52/60 (87%), which was slightly above the control value of 45/60 (75%). It was not concluded on to
what extent a possible increased incidence of Leydig cell tumours in the 2 year sacrifice group was masked by the
significantly reduced survival rates in this study. Increased testis weight was also seen at the highest dose in the
two year rat study of

(1973), although it should be kept in mind that this study was not considered

acceptable by the RMS. However, it is included here due to the consistency of this finding.

Effects on estrogen-sensitive endpoints
Treatment-related effects were also seen on estrogen-sensitive endpoints in both of the in vivo studies from the
OECD CF. In the female pubertal assay, vaginal opening was significantly increased with +2.9 days in the highdose group. Since there were no significant differences in body weight at vaginal opening, and since the age at
vaginal opening increased in a dose-dependent manner, this finding is considered treatment related. Age at first
estrus was also significantly increased in high-dose animals, an effect related to the delay in vaginal opening. The
high-dosed animals also had significant decreases in ovarian weights and blotted uterine weights. The decrease in
uterine weights was not due to differences in stages of estrous at termination, as the control and high-dose group
had similar numbers of animals in both diestrus and estrous at necropsy. Although there were no histopathological
findings in the uterus or ovaries, the significant increases in age at vaginal opening, age at first estrus together with
decreased weights in estrogen-sensitive tissues (ovaries and uterus) are indicative of a treatment-related antiestrogenic effect. Indications of anti-estrogenicity was also seen in the UT assay (significantly decreased uterus
weights), although this assay has not been designed and validated to detect estrogenic antagonists.

In the repeat-dose studies on benfluralin, increased relative ovarian weight was observed in the subchronic rat
toxicity study at 605 mg/kg bw/day (

1996). Increased uterus/ovary weights were also seen at the

highest dose in the two year rat study of

(1973), although it should be kept in mind that this study was

not considered acceptable by the RMS. In the subchronic toxicity study in mice (

1988a), absolute

uterus weights (with ovaries attached) were reduced for females dosed at the two highest doses (3000 and 10000
ppm). There were no gross or histopathological finding in these organs (only ovary cysts were observed in 2/15
animals at 3000 ppm). In the two-year chronic/oncogenicity study in rats (

1996), cysts in the uterus
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(endometrial) and ovaries was observed at the highest dose level. Uterus cyst incidence was slightly elevated
compared to controls: 14/49 in the high dosed animals (5000 ppm) as compared to 6/50 in the control group. A
non-significant, slight increase in incidences of malignant granulosa/theca cell tumors in the ovary (3/14) and
uterus carcinoma (4/12) at 2500 ppm was also seen. This was not considered treatment-related, as the incidence
was not elevated at the top-dose (1/50 for the ovary tumors, and 2/49 for the uterine tumors). However, it should
be noted that in the sub chronic study on rats (

1996) ovary cysts were also observed at lower dose

levels (2/15 at 250 ppm, 7/15 at 1100 ppm and 1/15 at 5000 ppm), but not at the highest dose level of 7500 ppm.

Effects on thyroid-sensitive endpoints
Treatment related effects were also observed on thyroid endpoints in both the male and female pubertal assay. In
the male pubertal assay, T4 levels were significantly decreased in all dose groups with corresponding significant
increases in TSH levels at the two highest dose groups, in addition to significantly increased thyroid weights and
altered thyroid histopathology (increased follicular cell height and decreased amount of colloid) in the highest
dose group. Similar effects were also observed in the female pubertal assay (significantly decreased T4 levels in
mid- and high-dose groups with corresponding increases in TSH levels at the highest dose group), but there were
no corresponding changes in thyroid weight or histopathology. Thus, the effects on thyroid endpoints were not as
marked in the female pubertal assay as in the male pubertal assay. This could be because animals received higher
doses of benfluralin in the male pubertal assay (400 mg/kg bw/day compared to 300 mg/kg bw/day in the female
pubertal), and because of the slightly longer duration of the male pubertal assay.

In repeat dose toxicity studies with benfluralin, thyroid-related effects were seen in the subchronic rat toxicity
study (

1996) and the two-year chronic/oncogenicity study in rats (

1996). In the

subchronic rat toxicity study, thyroid weights were increased at 5000 ppm (males, females) and at 7500 ppm
(females). The significance of this finding was uncertain as corroborating histopathological findings were lacking.
In the two-year chronic/oncogenicity study, male and female rats at 2500 and 5000 ppm had increased thyroid
weights, increased thyroid follicular cell hypertrophy and hyperplasia, and increased incidences of combined
follicular cell adenomas/carcinomas. No evidence of effects on thyroid endpoints were seen in other species than
the rat in the mammalian repeat dose toxicity studies on benfluralin, except for increased thyroid weights in a
subacute dog study (

1966), which was of old age and considered supplementary. Furthermore, no

indications of thyroid activity was observed in the Amphibian Metamorphosis Assay (for further details, refer to
B.2.9.2.9 - Potential for endocrine disruption properties in aquatic organisms).

Effects observed in vitro
5 in vitro mechanism studies from level 2 in the OECD CF are available for benfluralin. Negative results were
seen for the steroidogenesis and aromatase assay, indicating that the anti-androgenic and anti-estrogenic effects
observed in vivo are not related to the disturbance of hormone synthesis. Furthermore, benfluralin was negative in
both the AR- and ER-binding assay, indicating that benfluralin does not act as a receptor antagonist (or agonist)
for the AR and ER. However, positive results were seen for transcription of estrogen-responsive genes in the
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estrogen receptor transcriptional activation (ERTA) study. The contradicting results in the ER- and ERTA-study
may suggest that benfluralin can activate expression of estrogen-responsive genes through other receptors than the
ER (e.g. the peroxisome proliferator-activated receptors, PPAR). However, if benfluralin causes an increased
expression of estrogen-responsive genes, evidence of estrogenicity would have been expected in the in vivo
studies. On the contrary, anti-estrogenic effects were observed. This could be related to the fact that the positive
results were only seen at rather high doses in the ERTA. It could also be related to the lack of metabolic activation
in the in vitro assays – the studies on toxicokinetics showed that benfluralin is highly metabolised, so it is possible
that effects of benfluralin seen in vitro in the ERTA-studies was not observed in vivo because too low levels of
benfuralin reached the target cells due to extensive metabolism. It should be noted that all of the in vitro studies
were considered supplementary - in most cases because parts of the experiments were not reported, and in some
cases also because of deviations from the guideline. Furthermore, considering that these assays lack metabolic
activation, no firm conclusion can be drawn based on these studies in relation to adverse effects observed in vivo,
since effects could be cause by the breakdown product of the active substance. This could be of relevance for
benfluralin, considering that the toxicokinetic studies (B.6.1) showed that benfluralin is highly metabolised.
Possible MoAs for the effects on androgen- and estrogen-sensitive endpoints observed in vivo.
Hypothesis 1: Increased hepatocyte enzyme induction results in increased metabolism of testosterone,
consequently causing anti-androgenic and anti-estrogenic effects in vivo.
The adverse effects on endocrine sensitive endpoints occurred in the presence of liver toxicity.
Additionally, the anti-androgenic effects observed in the male pubertal and Hershberger assay coinciding
with reduced testosterone levels and liver toxicity. The applicant has proposed hepatic enzyme induction
and enhanced testosterone clearance as a possible MoA. In order to further investigate this hypothesis, a
non-guideline

14

C-testosterone clearance study was included in the Hershberger assay. The results

showed that animals at 750 mg/kg bw/day cleared

14

C-testosterone from blood significantly faster (3.7-

fold) than control animals, resulting in plasma AUC values significantly lower (65%) than the controls
after ten days of benfluralin treatment. The applicant has submitted a WoE-analysis where it is argued
that these results, coupled with the results from a mechanistic study on enzyme induction (B.6.8.2)
provides evidence that decreases in androgen-sensitive tissues in high dosed animals are likely due to a
secondary effect of benfluralin on the liver. However, it is important to keep in mind that the

14

C-

testosterone clearance study only show that serum testosterone levels were reduced – it does not provide
any information on the mechanisms for the observed reduction. The study did for example not measure
excretion, or the distribution of testosterone to other tissues. The mechanistic study referred to by the
applicant does show enzyme induction, but it does not provide evidence that this is the mechanism behind
the reduced testosterone levels observed in the male pubertal assay and the Hershberger assay.
Nevertheless, the RMS agrees that liver enzyme induction resulting in enhanced hormone metabolism
and clearance is a plausible MoA for the observed anti-androgenic effects observed. The RMS also
considers it plausible that the observed anti-estrogenic effects could be caused by induction of hepatic
enzymes and enhanced testosterone metabolism, considering that testosterone is an intermediate in the
estrogen synthesis. Reduced testosterone levels could thus lead to lower estrogen levels. However, the
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RMS does no agree that this should be considered secondary to liver toxicity. According to the EFSA
Scientific Opinion on EDs (2013), a substance might exhibit endocrine activity by interference with
changes in hormone metabolism/clearance (page 11, point (iii)).

In conclusion, the RMS consider it plausible that the adverse effects on androgen- and estrogen-sensitive
endpoints observed in vivo (male and female pubertal assay) is caused by perturbation of the hormone
system

by

induction

of

liver

enzymes

resulting

in

enhanced

hormone

(testosterone)

metabolism/clearance.

Hypothesis 2: The anti-androgenic and anti-estrogenic effects observed in vivo is caused by disruption of the
HPG-axis
In both the male and female pubertal assay, pituitary weights were significantly decreased in high dosed
animals. Although there were no histopathological findings, the dose-response seen in the female pubertal
assay strengthens the evidence for this as a treatment-related effect. However, the positive result for antiandrogenic effects in the Hershberger assay (where animals do not have an intact HPG-axis) does not
support the hypothesis of disruption of the HPG-axis, at least not as the sole MoA for the observed
adverse effects in vivo. In conclusion, although the evidence is not strong, the disruption of the HPG-axis
cannot be excluded, especially considering that currently there are no level 2 or 3 studies in the OECD CF
providing mechanistic information for this MoA.

Hypothesis 3: The anti-androgenic and anti-estrogenic effects observed in vivo is caused by breakdown products
of benfluralin
The submitted in vitro studies indicated that the anti-androgenic and anti-estrogenic effects observed in
vivo are not related to the disturbance of hormone synthesis (negative steroidogenesis and aromatase
assay) and that benfluralin does not act as a receptor antagonist for the AR and ER. However, considering
that these assays lack metabolic activation, no firm conclusion can be drawn based on these studies in
relation to the adverse effects observed in vivo, since effects could be cause by the breakdown product of
the active substance. This could be of relevance for benfluralin, considering that the toxicokinetic studies
(for further details, refer to B.6.1) showed that benfluralin is highly metabolised. It is therefore the
opinion of the RMS that, based on the submitted data, it cannot be excluded that the anti-androgenic and
anti-estrogenic effects observed in vivo may be caused by breakdown products of benfluralin interfering
with either steroidogenesis, aromatase activity, or acting as AR or ER antagonists.

Possible MoAs for the effects on thyroid endpoints observed in vivo
Hypothesis 1: Increased hepatocyte enzyme induction results in increased metabolism of thyroid hormones with
subsequent stimulation of the hypothalamic-pituitary-thyroid axis.
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The OECD CF does not have specific in vitro assays to detect chemicals with the potential to affect hypothalamic
or pituitary regulation of thyroid hormone production. The applicant suggests that the adverse effects observed on
thyroid endpoints (as described above) are caused by a rat specific induction of liver enzymes, resulting in
enhanced thyroid hormone clearance and subsequent stimulation of the hypothalamic-pituitary-thyroid axis (HPTaxis). The applicant refers to the mechanisms study of

(for further details, refer to B.6.8.2), where

male rats given a test diet containing 5000 ppm benfluralin for 7 days (449 mg/kg/day) or 14 days (435
mg/kg/day) had a 2.5-fold increase in hepatic UGTs, key enzymes for thyroxine conjugation (i.e., glucuronidation)
and urinary excretion of thyroid hormones. No evidence of effects on thyroid endpoints were seen in other species
than the rat in the mammalian repeat dose toxicity studies on benfluralin, or in the Amphibian Metamorphosis
Assay (for further details, refer to B.2.9.2.9 - Potential for endocrine disruption properties in aquatic organisms).
Based on an overall assessment of the mechanistic study and results seen in repeat dose toxicity studies plus the
male and female pubertal assay, it was concluded that the carcinogenic effects in the thyroid are likely to be
caused by a rat specific MoA (for further details, refer to 2.6.8.2). However, possible effects on neurotoxicity for
the developing fetus caused by perturbation of thyroid endpoints cannot be excluded, since the studies submitted
did not included any endpoints on developmental neurotoxicity.

Evaluation of endocrine-mediated effects in regards to ED-criteria
Interim criteria
The interim criteria presented in Reg. EC 1107/2009 take into consideration classification and labelling for
reproductive toxicity and carcinogenicity according to the CLP Regulation (EC) No. 1272/2008. Based on these
criteria, substances that are or have to be classified as carcinogenic category 2 and toxic for reproduction category
2, shall be considered to have endocrine disrupting properties. In addition, substances such as those that are or
have to be classified as toxic to reproduction category 2 and which have toxic effects on the endocrine organs,
may be considered to have such endocrine disrupting properties.

Benfluralin is proposed classified as carcinogenic, but is not proposed classified as toxic for reproduction.
Therefore, benfluralin does not fulfil the interim criteria for endocrine disruption.

Draft criteria
At the time of writing the RAR for benfluralin, the last version of the draft criteria was published by the European
Commission in February 2017 (EC 2017, Draft Commission Regulation xx amending Annex II to Regulation (EC)
1107/2009 by setting out scientific criteria for the determination of endocrine disrupting properties). According to
the draft criteria, three conditions needs to be fulfilled in order to consider an active substance an endocrine
disrupter:



"From [date of application], an active substance, safener or synergist shall be considered as having
endocrine disrupting properties that may cause adverse effect in humans if, based on points (1) to (3) of the
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sixth paragraph it is a substance that meets all of the following criteria, unless there is evidence
demonstrating that the adverse effects identified are not relevant to humans:
1. it shows an adverse effect in an intact organism or its progeny, which is a change in the morphology,
physiology, growth, development, reproduction or life span of an organism, system or (sub)population
that results in an impairment of functional capacity, an impairment of the capacity to compensate for
additional stress or an increase in susceptibility to other influences;
2. it has an endocrine mode of action, i.e. it alters the function(s) of the endocrine system;
3. the adverse effect is a consequence of the endocrine mode of action.

Condition 1: Adverse effects potentially related to endocrine disruption was observed in higher tier OECD studies
with benfluralin, as summarised above (see Table 2.6.8.3-01 for details).

Condition 2: The RMS consider it plausible that the adverse effects on androgen- and estrogen-sensitive endpoints
observed in vivo could be cause by perturbation of the hormone system by induction of liver enzymes resulting in
enhanced hormone (testosterone) metabolism/clearance. In addition, disturbance of the HPG-axis could not be
excluded, since there are currently no adequate in vitro studies to investigate this MoA. Similarly, it could not be
excluded that the anti-androgenic and anti-estrogenic effects observed in vivo could be caused by breakdown
products of benfluralin, interfering with either the steroidogenesis, AR or ER, since the in vitro studies
investigating these pathways currently lack metabolic activation. For the adverse effects observed on thyroid
endpoints, it was concluded that the carcinogenic effects on the thyroid are likely to be caused by a rat specific
MoA. However, possible effects on neurotoxicity for the developing fetus caused by perturbation of thyroid
endpoints cannot be excluded, since the studies submitted did not included any endpoints on developmental
neurotoxicity.

Condition 3: A plausible link could be drawn between the adverse effects observed in vivo and the suggested
endocrine MoA (e.g. perturbation of the hormone system by induction of liver enzymes resulting in enhanced
hormone metabolism/clearance) for the effects on androgen- and estrogen-sensitive endpoints. Additionally, it
could not be excluded that the adverse effects observed in vivo could be caused by disturbance of the HPG-axis,
and/or by anti-androgenic and estrogenic effects caused by benfluralin breakdown products.

Based on the evaluation of the available evidence, benfluralin may be considered as having endocrine disrupting
properties according to the draft criteria. However, it is to be noted that no adequate level 5 studies are available
(the submitted 2-generation studies were of old age and provided very limited information on ED-endpoints).
Additionally, possible effects on neurotoxicity for the developing fetus caused by perturbation of thyroid
endpoints cannot be excluded, since the studies submitted did not included any endpoints on developmental
neurotoxicity.
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The applicant does not agree with the RMS conclusion that benfluralin may be considered as having endocrine
disrupting properties according to the draft criteria, and has therefore provided a position paper (Benfluralin Assessment of the Endocrine Potential, based on the Draft Renewal Assessment Report) detailing the reasons for
this. The conclusion of the executive summary of the position paper is as follows: “In conclusion, the notifier
rejects a position (suggested in the Renewal Assessment Report RAR) that benfluralin might meet EU criteria as
an endocrine disruptor. The observed perturbations of endocrine parameters are demonstrated, with a high
degree of clarity, as being secondary to a non-specific effect (hepatic enzyme induction) and therefore does not
fall within the criteria. Suggestions of anti-androgenic or anti-estrogenic properties are not supported by the
extensive available data set.”. However, this position paper has not changed the RMS opinion that benfluralin
should be considered as an endocrine disrupter according to the draft criteria.
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Overall conclusion
Based on the interim criteria, benfluralin is not considered to be an endocrine disrupter. Based on the draft criteria
presented by the European Commission, benfluralin may be considered to be an endocrine disruptor.

With respect to a conclusion concerning the endocrine disruption potential of benfluralin towards wildlife, please
refer to the chapter on ecotoxicology and endocrine disrupting effects.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
An endocrine disrupting potential cannot be excluded for benfluralin, clarification on the plausible link between
the mode of action and the adverse effect is needed.

2.6.8.4

The immunotoxicity potential of benfluralin

Following EFSA’s request to address the immunotoxicity potential of benfluralin, the applicant performed a
detailed review of all available toxicity studies with benfluralin, which is included in Volume 3CA, section
B.6.8.4 of the RAR. The RMS agrees with the conclusion of the applicant that there are no reported effects
indicating an immunotoxic potential of benfluralin.

2.6.10

Summary of medical data and information

Based on the reports of the medical surveillance on manufacturing plant personnel from the applicant, no effects
were anticipated. One case of occupationally related skin sensitisation was reported in the open literature.

2.6.11

Toxicological end point for assessment of risk following long-term dietary exposure – ADI

The ADI should be established on the lowest relevant NOAEL observed in a valid long-term study. Following
long-term studies were considered:
(i)

1 year dog:

NOAEL =25 mg/kg bw/day

(ii)

2 years rat:

NOAEL =0.5 mg/kg bw/day

(iii)

2 years mouse:

NOAEL = 6.0 mg/kg bw/day

(iv)

2 generation, rat: NOAEL (parental, foetal) = 5.5 mg/kg bw/day

The lowest long-term NOAEL was established at 0.5 mg/kg bw/d in the 2 year rat study.
The ADI = NOAEL (2 year rat)  AF

=

0.5 mg/kg bw/day 100

=

0.005 mg/kg bw/day
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2.6.12

Toxicological end point for assessment of risk following acute dietary exposure - ARfD (acute
reference dose)

As Benfluralin was of low acute toxicity, and no adverse developmental effect was observed in gavage studies,
the establishment of an acute reference dose was not deemed necessary.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)

ARfD is based on maternal NOAEL of 50 mg/kg bw/day for the early reduction in BWG in the developmental
toxicity study in rabbit.

The ARfD = maternal NOAEL (teratology study rabbit)  AF

= 50 mg/kg bw/day  100
= 0.5 mg/kg bw/day

2.6.13

Toxicological end point for assessment of occupational, bystander and residents risks – AOEL
and AAOEL

The AOEL should be established on the lowest relevant NOAEL observed in a short-term study. Following
short-term studies were considered in the rat, the mouse and the dog:
(i)

90d, rat:

NOAEL= 17 mg/kg bw/d

(ii)

90d, mouse:

NOAEL= 132.8 mg/kg bw/day

(iii)

90d/1 yr, dog:

NOAEL= 25 mg/kg bw/day

The 90-day rat study provided the lowest short-term NOAEL, based upon increased kidney pigmentation and
kidney weight change observed at 74 mg/kg b.w./day. In the previous evaluation, the possibility of a higher
absorption at the NOAEL used for AOEL setting was discussed. To account for this possibility, the biliary
excretion of 10 % was then added to the systemic absorption of 20 %, and the oral absorption was set at 30 %
(EFSA, 2008). The RMS is, however, of the opinion that the biliary excretion should not be added since the
critical effect for the AOEL setting was seen in kidneys. Furthermore, the possibility a higher absorption, at the
NOAEL used for the AOEL setting, should be experimentally demonstrated. The RMS proposes therefore a
reduction in the correction for oral absorption from 30 % to 20 % when setting AOEL

The systemic AOEL

= [NOAEL (90d rat)  AF ]  A
= [17 mg/kg bw/d  100]  0.2
= 0.035 mg/kg bw/day
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Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)

The AOEL was revised at the PPR 182 and based on the offspring NOAEL of 5.5 mg/kg bw/day from the
reproductive toxicity study in rat based on reduced weaning and survival indices, with an UF of 100 and
correction for oral absorption of 20%.

(i)

2 generation, rat: NOAEL (foetal) = 5.5 mg/kg bw/day

The systemic AOEL

= [NOAEL (2 generation, rat)  AF ]  A
= [5.5 mg/kg bw/d  100]  0.2
= 0.011 mg/kg bw/day

It was also agreed to set an AAOEL to benfluralin. The AAOEL was set at 0.1 mg/kg bw on the same basis as the
ARfD and correcting for the oral absorption of 20%.

2.6.14

Summary of product exposure and risk assessment

EF-1533, an emulsifiable concentrate (EC) containing 180 g benfluralin/L, is to be incorporated into soil prior to
planting or sowing, for the control of weeds (grasses and dicots). The critical GAP used for the exposure
assessment of operators, bystander and residents is summarised in table 2.6.14-1. Assessment of bystander
exposure and workers is not considered to be relevant.

Table 2.6.14-1 Summary of critical use pattern (i.e. worst case)
Application
Crop

Method

Growth
stage

Weeds
Tractor mounted Prior to planting or
(grasses and
boom sprayer
sowing
dicots)

Number
(time between
applications)

Application rate per treatment
Maximum
Water volume,
individual dose,
L/ha
g a.s./ha

1

1440

200-400

The dermal absorption values for respectively the neat formulation and the spray dilution were considered 2% and
11%. The obtained predicted exposure was compared with the appropriate AOEL (0.01135 mg/kg bw/day)/
AAOEL (0.1 mg/kg/bw per day) and expressed as % of AOEL/AAOEL.

Operators
A summary of the estimation of operator exposure is presented in table 2.6.14-2.

Table 2.6.14-2 Estimated operator exposure according to the EFSA Guidance
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Benfluralin
Model data

Level of PPE

Total absorbed dose
(mg/kg/bw/day)

% of systemic AOEL

EFSA model (75th
percentile)
Body weight: 60 kg

no PPE*

0.0659

599188

Gloves for mixing/loading

0.0225

20564

Long term exposure:
PPE (gloves and RPE**)
for mixing/loading and
gloves for application

0,0033

30

Acute exposure:
PPE (gloves and RPE**)
for mixing/loading and
gloves for application

0,0267

27

* No PPE = operator wearing long sleeved shirt and long trousers (working clothing) ** RPE = FP2, P2 and similar

Resident/bystander
The critical GAP for bystander exposure is not relevant justified there are none AAOEL to use in the estimations.
A summary for bystander exposure is presented in table 2.6.14-3.
A summary for resident exposure is presented in table 2.6.14-4.

Table 2.6.14-3 Estimation of bystander exposure according to the EFSA Guidance and German model.
EFSA
guidance
Bystander child

EFSA
guidance
Bystander adult

German model
Bystander
Children
German model
Bystander
Adults

Spray drift (95th percentile) mg/kg bw/day

0.0489

% of RVAAS

49%

Vapour (95th percentile) mg/kg bw/day

0.0011

% of RVAAS

1%

0.0076

% of RVAAS

8%

0.0267

% of RVAAS

27%

0.0132

% of RVAAS

13%

0.0002

% of RVAAS

0.23%

0.0033

% of RVAAS

3%

0.0149

% of RVAAS

15%

Total systemic exposure
(inhalation + dermal)

0.0057196

% of RVAAS

52

Total systemic exposure
(inhalation + dermal)

0.0073195

% of RVAAS

67

Surface deposits (95th percentile) mg/kg
bw/day
Entry into treated crops (95th percentile)
mg/kg bw/day
Spray drift (95th percentile) mg/kg bw/day
Vapour (95th percentile) mg/kg bw/day
Surface deposits (95th percentile) mg/kg
bw/day
Entry into treated crops (95th percentile)
mg/kg bw/day
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Table 2.6.14-43 Estimation of resident/bystander exposure according to the EFSA Guidance and German
model.
Spray drift (75th percentile) mg/kg
bw/day
Vapour (75th percentile) mg/kg
bw/day
Surface deposits (75th percentile)
mg/kg bw/day
Entry into treated crops (75th
percentile) mg/kg bw/day

0.0214

% of RVNAS

195%

0.0011

% of RVNAS

10%

0.0025

% of RVNAS

23%

0.0267

% of RVNAS

243%

All pathways (mean) mg/kg
bw/day
Spray drift (75th percentile) mg/kg
bw/day
Vapour (75th percentile) mg/kg
bw/day
Surface deposits (75th percentile)
mg/kg bw/day
Entry into treated crops (75th
percentile) mg/kg bw/day

0.0361

% of RVNAS

328%

0.0051

% of RVNAS

46%

0.0002

% of RVNAS

2%

0.0011

% of RVNAS

10%

0.0149

% of RVNAS

135%

0.0153

% of RVNAS

139%

German model –
Resident Children

All pathways (mean) mg/kg
bw/day
Total systemic exposure, absorbed
dose (mg/kg bw/day)

German model –
Resident Adults

Total systemic exposure, absorbed
dose (mg/kg bw/day)

EFSA guidance
Resident - child

EFSA guidance
Resident - adult

0.0013444
0.0008100

% of RVNAS/AOEL
% of RVNAS/AOEL

12%
7%

Workers
EF-1533 is to be applied directly to soil prior to planting. All planting operations will be carried out mechanically.
The contact to pulverised fields by workers or public is considered unrealistic. Workers will not come into contact
with EF-1533 and a worker re-entry risk assessment is not considered to be required.

As a conclusion the exposure estimations indicate that levels of exposure for operators, bystanders and residents
will be within acceptable levels of the proposed systemic AOEL of benfluralin, when appropirate PPE are used.
The risk for bystanders as well as residents during applications of EF 1533, for the proposed uses, is acceptable. It
should however be noted that the risk for residents was only estimated as acceptable when using the still
procedurally valid German model. The more recently developed EFSA model (which is not yet considered to be
fully applicable to residents and bystanders), indicated significant exceedances of the AOEL for residents.

2.7

Residues

2.7.1

Summary of storage stability of residues

Residues of benfluralin in lettuce stored for 0, 1, 6 and 12 months at -18ºC ranged between 82% and 108% of the
fortified values and can therefore be considered stable for at least 12 months when stored at -18°C.
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In the DAR (2006) it was concluded that this study is also valid for witloofs/endives and industrial chicory
(chicory roots). However, according to OECD Guideline 506 lettuce and witloofs/endives belong to a commodity
category of high water content, while chicory roots belong to a commodity category of high starch content.
Therefore, the RMS considers that this study is only valid for lettuce and witloofs/endives (high water content),
but not valid for chicory roots (high starch content). There is a data requirement for storage stability studies in
high starch content commodities.

No study on storage stability in livestock matrices is available. Storage stability studies are required covering at
least the storage duration in the livestock metabolism studies.

2.7.2

Summary of metabolism, distribution and expression of residues in plants, poultry, lactating
ruminants, pigs and fish

Metabolism in plants
The metabolism of benfluralin has been investigated for pre-planting application in lettuce, alfalfa and peanuts, by
applying phenyl ring labelled [14C]-benfluralin as a soil application with incorporation at a rate of 4.48 kg a.s./ha
to lettuce; 4.48 kg a.s./ha to alfalfa and 5.27 kg a.s./ha to peanuts. At harvest the total radioactive residues
(expressed as benfluralin equivalent) were 0.66 mg/kg in lettuce; 3.4 mg/kg in alfalfa seeds and 0.177 mg/kg in
peanut nutmeat.

The radioactive residues were mostly recovered in the organo-soluble fraction (31-49% of the TRR) and in the
aqueous polar fraction (6-16% of the TRR), which were shown to consist of numerous unidentified polar
compounds, each accounting individually for no more than 3% of the TRR. The parent benfluralin was almost not
identified except in lettuce, accounting for 1.3% of the TRR (0.009 mg/kg). Following acid, base or enzyme
hydrolysis, a significant part of the unextracted radioactivity was found to be incorporated in natural plant
constituents such as lignin (14-33% of the TRR in alfalfa, lettuce and peanuts hulls), fatty acids (36% of the TRR
in peanut meat) and cellulose (10% of the TRR in peanut hulls and 2% of the TRR in alfalfa seeds). The following
metabolic pathway for benfluralin is proposed:

Figure 2.7-1 Proposed metabolic pathway for benfluralin in lettuce, alfalfa and peanuts
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The metabolism study in wheat has been submitted as confirmatory data following Annex I Inclusion (2010). In
the EFSA conclusion (2008) it is stated that though there is a notified use on chicory roots no primary metabolism
study in the category of root and tuber crops was submitted. Therefore the use on chicory roots is currently not
supported by suitable metabolism data. The experts of PRAPeR 35 set a data gap for a new metabolism study in
primary root crops. This metabolism study might make it possible to propose a global residue definition for all
primary and rotational plant commodities.

However, a metabolism study in cereals (spring wheat), instead of a metabolism study in root and tuber crops, has
been submitted as confirmatory data. The reason behind this is unknown to the RMS.

This metabolism study differs from the other three plant metabolism studies in terms of the application method
and timing. In this study, spring wheat was treated by foliar spray application at BBCH 20-21 and BBCH 29.
Benfluralin is a herbicide which is used pre-emergence and has to be incorporated into the soil to protect it from
degradation by sunlight. Therefore, the RMS considers that the study can only be seen as supplementary since not
only does the application method and timing not reflect the intended use pattern of benfluralin, but also benfluralin
might have been degraded during the study because of the exposure to sunlight after foliar application.

Conclusions from Pesticides Peer Review Meeting 184 (September 2018)
From the available metabolism data, it is acknowledged that a metabolic pattern of benfluralin cannot be depicted
in leafy and P/O crops following soil application, and in cereals following post emergence application. It should
be highlighted that plant metabolism studies on peanuts and alfalfa from the public domain were available and
showed a higher rate of metabolites’ identification (Fate of Benefin in soils, Plants, Artificial Rumen Fluid, and
the Ruminant Animal, Tomasz Golab et al., J.Agr. FOOD CHEM., Vol 18, No.5, 1970). The applicant is
requested to consider these metabolism studies from the public domain and to provide a detailed assessment of
these data, i.e. analysis of the proposed structures for the identified metabolites and any data to address the toxicity
of the identified metabolites and whether this study can sufficiently address the metabolism study in P/O (data
gap).

Metabolism in livestock
Metabolism studies carried out in laying hens (poultry) and lactating cow (ruminants) using phenyl ring labelled
[14C]-benfluralin were previously reported in the DAR (2006). However, the studies were not peer reviewed since
the representative uses did not refer to crops used as feed.

The parent compound constituted 34% of the TRR in skin/fat and 4% of the TRR in eggs following administration
of benfluralin at dietary concentration of 15 mg/kg. No benfluralin was recovered in the liver. Benfluralin seemed
to be rapidly metabolised in hens since the total residues in eggs and the edible tissues except skin/fat were
recovered at low levels and were constituted of numerous components.
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In the metabolism study in cow no parent compound was recovered in any of the matrices suggesting that
benfluralin was rapidly and extensively metabolised. Due to the low radioactive residue levels in the tissues and
the numerous compounds constituting the total radioactive residues, no further metabolites characterization was
attempted.

No metabolic pathway of benfluralin in both laying hen and lactating ruminants has therefore been depicted.

It should be noted that no storage stability study in animal matrices is available which could support the storage
stability of the samples in the poulty study. Therefore, the RMS considers that the metabolism study in laying hens
may be acceptable only after the storage stability of the samples is confirmed.

Furthermore, according to the current guidance for metabolism in livestock (OECD Guideline 503), ruminants
should be dosed daily for at least five days instead of three days as in this study. Whether this deviation would
affect the results of the study is unknown. In fact, the parent compound constituted 34% (0.090 mg/kg) of the TRR
in skin/fat and 4% (0.09 mg/kg) of the TRR in eggs following administration of benfluralin for 10 days at dietary
concentration of 15 mg/kg in the poultry study. This may indicate that accumulation of benfluralin in fat and milk
may occur if a cow is dosed for a longer period. Therefore, the RMS considers that the metabolism study in
lactating cow is not fully acceptable.

Conclusions from Pesticides Peer Review Meeting 184 (September 2018)
Poultry and cow metabolism studies were submitted and their validity was discussed. Deficiencies were identified
in the cow metabolism study (short period of dosing: 3 days instead of 5 days) and in the poultry study (the
storage conditions of the residue samples during the study were not provided). Furthermore, metabolites’
identification in poultry was limited to benfluralin that was identified in poultry skin, fat and eggs, whilst
benfluralin was never detected in cow matrices. The meeting was of the opinion that the submitted livestock
metabolism studies were not compliant with the current test guidelines and for the time being reliable residue
definitions in animal matrices cannot be derived. These data are however not triggered according to the
representative uses and also when the authorized uses are considered (Art.12 MRL review).

2.7.3

Definition of the residue

Plant
The current residue definitions for both enforcement/monitoring and risk assessment are benfluralin. No change is
proposed to the existing residue definitions for enforcement/monitoring and risk assessment.

During Pesticides Peer Review Meeting 184 (September 2018) the residue definition for monitoring and risk
assessment was set provisionally as benfluralin for leafy crops following soil application. Currently no conclusion
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can be drawn on the metabolism pattern of benfluralin in plants pending the assessment of the metabolism studies
on peanuts and alfalfa from the public domain.

Animal origin
No residue definitions for enforcement/monitoring and risk assessment are currently available.

The metabolism of benfluralin in animals was investigated in lactating cow and laying hens. Both metabolism
studies were previously evaluated in the DAR (2006), but were not peer reviewed since the representative uses did
not refer to crops used as feed.

During Pesticides Peer Review Meeting 184 (September 2018) it was concluded that the submitted livestock
metabolism studies are not compliant with the current test guidelines and that for the time being reliable residue
definitions in animal matrices cannot be derived. These data are however not triggered according to the
representative uses and also for the authorized uses (Art.12 MRL review).

In the framework of renewal of active substance approval, residue definitions in food commodities of animal
origin are proposed as follows:


For both enforcement/monitoring and risk assessment: benfluralin

However, no storage stability study in livestock matrices is available which could support the storage stability of
the samples in the livestock metabolism studies. Therefore, the proposed residue definitions are provisional until
the storage stability of the samples is confirmed.

2.7.4

Summary of residue trials in plants and identification of critical GAP

Representative formulation
The representative formulation for the renewal is Bonalan (EF-1533).

GAP
The critical EU GAPs for the representative uses are presented in the table below.
Table 2.7.4-1 Summary of the critical GAPs for the representative uses of EF-1533
Crop

Zone

Outdoor/
protected

Growth
stage

Lettuce

NEU/SEU

Outdoor

Industrial chicory
(chicory roots)
Witloofs/endives

NEU

Outdoor

NEU

Outdoor

Presowing
Presowing
Presowing

Maximum

Max.
number of
applications

Min.
Interval
(days)

Rate
(g a.s./ha)

1

n/a

1440

1

n/a

1440

1

n/a

1440

Water
(L/ha)
200400
200400
200400

Min.
PHI
(days)
-
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Supervised residue trials
The supervised residue trials relevant for the cGAP are summarized in table 2.7.4-2.
Table 2.7.4-2 Summary of supervised residue trials relevant for the representative uses
Crop
Region/
Residue levels (mg/kg)
Recommendations/comments
Indoor
observed in the supervised (OECD calculations)
(a)
residue trials
(b)
Lettuce
NEU
3x nd, 1x <0.01
In the metabolism study in
lettuce benfluralin constituted
SEU
1x nd, 1x <0.01
only 1.3% (<0.01 mg/kg) of the
TRR in lettuce. Therefore, the
reduced number of residue
trials is considered acceptable.
Industrial chicory NEU
Root: 6x nd, 2x <0.01
Analysed residue levels in the
(chicory roots)
Leaf: 6x nd, 2x <0.01
root samples are not reliable
unless the storage stability of
the root samples can be
confirmed by a new storage
stability study in root
vegetables.
Witloofs/endives
NEU
4x nd
The trials in one of the studies
(CA 6.3.3/02) were conducted
at two different locations. At
each location, two different
crop varieties were tested, but
other factors such as application
date and treatment were
identical. Therefore, it is
considered that two
independent trials, instead of
four, have been conducted in
this study.

MRL
HR
STMR
(mg/kg) (mg/kg) (mg/kg)
(c)
(b)
0.01*

<0.01

<0.01

0.01*

<0.01

<0.01

0.01*

<0.01

<0.01

(a): NEU or SEU for northern or southern outdoor trials in EU member states (N+SEU if both zones), Indoor for glasshouse/protected crops,
Country if non-EU location.
(b): Residue levels in trials conducted according to GAP reported in ascending order (e.g. 3x <0.01, 0.01, 6x 0.02, 0.04, 0.08, 3x 0.10, 2x 0.15,
0.17). When residue definition for monitoring and risk assessment differs, use Mo/RA to differentiate data expressed according to the residue
definition for Monitoring and Risk Assessment.
(c): HR: Highest residue. When residue definition for monitoring and risk assessment differs, HR according to residue definition for
monitoring reported in brackets (HRMo).
(d): STMR: Supervised Trials Median Residue. When residue definition for monitoring and risk assessment differs, STMR according to
definition for monitoring reported in brackets (STMRMo).

2.7.5

Summary of feeding studies in poultry, ruminants, pigs and fish

The representative crops under consideration (i.e. lettuce, witloofs/endives and chicory roots) do not form part of
animal feed and therefore livestock feeding studies are not submitted or required.

2.7.6

Summary of effects of processing

The residue trials in chicory has shown that the residue levels of benfluralin in roots were below the LOQ (<0.01
mg/kg). However, the samples in the residue trials were not extracted and analysed within 30 days from sampling,
in which case a storage stability study is required. Currently, no storage stability study in root vegetables (high
starch content) is available. The RMS therefore considers that analysed residue levels in the root samples in the
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residue trials in chicory are not reliable unless the storage stability of the root samples can be confirmed by a new
storage stability study in root vegetables.

Furthermore, a study on the nature of residues in processed commodities can be waived if water solubility of a
substance is less than 0.01 mg/L, according to the Reg. (EU) No 283/2013, 6.5. Effects of processing. However,
water solubility of benfluralin is 0.064 mg/L, in which case a study on nature of residues in processed
commodities may be required.

In the DAR (2006) it was concluded that benfluralin can be considered as hydrolytically stable at pH 4, 7 and 9
(reference made to chapter B.2.1.14 – Volume 3 – Annex B – Physical and chemical properties).

However, according to OECD Guideline 507 hydrolysis data (required as part of the physical-chemical properties
of an active ingredient) are normally generated at temperatures between 0°C and 40°C for a time chosen to allow
observance of degradation up to at least 70% at pH 4, 7 and 9. The objective of these studies is primarily related
to environmental conditions. Therefore, they are not interchangeable with the required data outlined in the types
of model studies described here. As such, physico-chemical data will not substitute for the data obtained from
studies carried out in accordance with this guideline as the processing operations described herein typically
involve higher temperatures but normally for much shorter periods and, in some cases, at more extreme pH
values. Reactions are therefore faster and may lead to the formation of different degradation products.

Therefore, a study on nature of residues in processed commodities might be required pending confirmation on the
storage stability of the root samples from the residue trials in industrial chicory.

2.7.7

Summary of residues in rotational crops

The submitted metabolism study in rotational crops does not meet criteria in OECD Guideline 502 for the
following reasons:


a lower application rate than the EU GAP



the trigger value for identification exceeded for some unidentified residues



no data at short plant-back intervals representing short vegetation period of notified uses or situation of
crop failure



no information on storage conditions of the samples



no storage stability studies in high starch content and high protein content to support the stability of the
samples available)

The study is therefore not considered fully acceptable. In the EFSA conclusion (2008) it is stated that in soil
benfluralin was reported to have a DT90 of up to 385 days (laboratory) and up to 242 days (field), respectively.
Therefore the investigation of residues in rotational crops has been a requirement. An available confined study
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was not considered to fully address metabolism in rotational crops since the study does not comply with current
guidance on a number of points. The study however indicated that after a plant back interval of 12 month
significant total residue levels were still found in edible crop parts, but they were not identified. The experts in the
meeting PRAPeR 35 noted that, given the notified use is an application to soil, primary crop metabolism data
covering three different crops that demonstrates a similar metabolic pattern could be used to address rotational
crop metabolism, but currently only data on leafy crops and the pulses/oilseed crop category is available. The
required root metabolism study to support the use on chicory roots might make it possible to also conclude on the
rotational crop metabolism. Whether or not further data on rotational crops is required depends therefore upon
the outcome of a metabolism study on rooting crops.

Consequently, a data gap for a new metabolism study in primary root crops was set by the experts of PRAPeR 35,
but a metabolism study in cereals (spring wheat), instead of a metabolism study in root and tuber crops, was
submitted as confirmatory data. In the EFSA conclusion (2012) it was concluded that as the metabolic profile was
seem to be similar in the primary crop metabolism studies conducted in three different crop groups following preplantation or post-emergence application, a similar metabolic pattern is expected in rotational crops.

The RMS is, however, of the opinion that the submitted metabolism study in cereals is not fully acceptable. The
metabolism study in cereals differs from the other three plant metabolism studies in terms of the application
method and timing. In this study, spring wheat was treated by foliar spray application at BBCH 20-21 and BBCH
29. Benfluralin is a herbicide which is used pre-emergence and has to be incorporated into the soil to protect it
from degradation by sunlight. Therefore, the RMS considers that the study can only be seen as supplementary
since not only does the application method and timing not reflect the intended use pattern of benfluralin, but also
benfluralin might have been degraded during the study because of the exposure to sunlight after foliar application.

For the above reasons the RMS considers that further data on rotational crops is required to address the nature of
residues of benfluralin in rotational crops.

Conclusions from Pesticides Peer Review Meeting 184 (September 2018)
The available confined rotational crops metabolism study showed deficiencies in terms of metabolites’
identification (underdosed study compared to the annual dose rate (0.88 N), no identification at the shortest PBI,
lack of metabolites’ identification in all edible crop parts and at all PBIs). Considering that the metabolic pattern
of benfluralin in primary crops cannot currently be depicted, the meeting was of the opinion that information can
be extracted from the literature search (metabolism studies on peanuts and alfalfa) (Fate of Benefin in soils, Plants,
Artificial Rumen Fluid, and the Ruminant Animal, Tomasz Golab et al., J.Agr. FOOD CHEM., Vol 18, No.5,
1970) but also in the DARs from other structurally similar compounds releasing the metabolite
dinitrotrifluoromethylaniline (e.g. trifluralin) regarding the formation of metabolites in rotational crops in order to
elucidate the metabolic pattern.
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2.7.8

Summary of other studies

The applicant has provided the following justification:
Benfluralin is applied before sowing or planting the crop to be protected and residues in the crops grown after
treatment are expected to be below the LoQ. Lettuce and chicory are not melliferous/attractive to bees.
Additionally, benfluralin is non-systemic and has a log Pow of 5.19. The low water solubility and nontranslocation of benfluralin in the plant means that it is unlikely to be found in nectar or transfer into honey.
Consequently residues studies in honey and pollen are not required or submitted.

The RMS considers this justification acceptable and no studies on the residue level in pollen and bee products are
therefore necessary.

2.7.9

Estimation of the potential and actual exposure through diet and other sources

In the framework of renewal of active substance approval, no change of the toxicological reference values has
been proposed by the RMS. The current ADI and ARfD values are as follows:
During Pesticides Peer Review Meeting on Mammalian Toxicology (September 2018) the following toxicological
reference values were agreed:



ADI: 0.005 mg/kg bw per day
ARfD: 0.5 mg/kg bw not allocated, not necessary

An estimate of the chronic and acute consumer dietary exposure resulting from the representative uses on lettuce,
witloofs, and chicory roots has been calculated using the EFSA PRIMo, rev.2. For the TMDI and the IESTI
calculations, the current EU MRLs (see Table 2.7.10-1) were used as input values.
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Prepare workbook for refined
calculations

Benfluralin
Status of the active substance:
LOQ (mg/kg bw):

Code no.
proposed LOQ:

Toxicological end points
ADI (mg/kg bw/day):

0,005

ARfD (mg/kg bw):

Source of ADI:
Year of evaluation:

Undo refined calculations

0,5

Source of ARfD:
Year of evaluation:

The risk assessment has been performed on the basis of the MRLs collected from Member States in April 2006. For each pesticide/commodity the highest national MRL was identified (proposed temporary MRL = pTMRL).
The pTMRLs have been submitted to EFSA in September 2006.

Chronic risk assessment - refined calculations
TMDI (range) in % of ADI
minimum - maximum
No of diets exceeding ADI:
Highest calculated
TMDI values in %
of ADI
0,2
0,2
0,2
0,2
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

Highest contributor
to MS diet
MS Diet
(in % of ADI)
ES adult
0,2
ES child
0,2
WHO regional European diet
0,2
IT adult
0,2
WHO Cluster diet B
0,1
WHO Cluster diet F
0,1
IT kids/toddler
0,1
NL child
0,1
NL general
0,1
FR all population
0,1
WHO cluster diet E
0,0
UK vegetarian
0,1
DK child
0,1
UK Adult
0,0
IE adult
0,0
FR infant
0,0
FI adult
0,0
DE child
0,0
LT adult
0,0
UK Toddler
0,0
SE general population 90th percentile
0,0
WHO cluster diet D
0,0
PL general population
0,0
DK adult
DK adult
DK adult
DK adult

---

Commodity /
group of commodities
Lettuce
Lettuce
Lettuce
Lettuce
Lettuce
Lettuce
Lettuce
Witloof
Witloof
Witloof
Lettuce
Lettuce
Lettuce
Lettuce
Lettuce
Witloof
Lettuce
Lettuce
Lettuce
Lettuce
Witloof
Chicory roots
Lettuce
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)

2nd contributor to
MS diet
Commodity /
(in % of ADI)
group of commodities
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
0,0
Chicory roots
0,0
Witloof
0,0
Witloof
FRUIT (FRESH OR FROZEN)
0,0
Witloof
0,0
Lettuce
0,0
Lettuce
0,0
Lettuce
0,0
Chicory roots
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
0,0
Witloof
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
0,0
Lettuce
0,0
Witloof
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)

3rd contributor to
MS diet
Commodity /
(in % of ADI)
group of commodities
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
0,0
Witloof
FRUIT (FRESH OR FROZEN)
0,0
Witloof
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
0,0
Witloof
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
0,0
Witloof
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)
FRUIT (FRESH OR FROZEN)

pTMRLs at
LOQ
(in % of ADI)

Conclusion:
The estimated Theoretical Maximum Daily Intakes (TMDI), based on pTMRLs were below the ADI.
A long-term intake of residues of Benfluralin is unlikely to present a public health concern.

Acute risk assessment /children - refined calculations

Acute risk assessment / adults / general population - refined calculations

The acute risk assessment is based on the ARfD.
For each commodity the calculation is based on the highest reported MS consumption per kg bw and the corresponding unit weight from the MS with the critical consumption. If no data on the unit weight was available from that MS an average
European unit weight was used for the IESTI calculation.
In the IESTI 1 calculation, the variability factors were 10, 7 or 5 (according to JMPR manual 2002), for lettuce a variability factor of 5 was used.
In the IESTI 2 calculations, the variability factors of 10 and 7 were replaced by 5. For lettuce the calculation was performed with a variabilty factor of 3.
Unprocessed commodities

Threshold MRL is the calculated residue level which would leads to an exposure equivalent to 100 % of the ARfD.
No of commodities for which ARfD/ADI
is exceeded (IESTI 1):
IESTI 1
Highest % of
ARfD/ADI
0,2
0,1

---

*)

**)

Commodities
Witloof
Lettuce

pTMRL/
threshold MRL
(mg/kg)
0,02 / 0,02 / -

IESTI 2

Processed commodities

No of critical MRLs (IESTI 1)

Processed
commodities

Highest % of
ARfD/ADI
0,1
0,1

---

No of commodities for which ARfD/ADI
is exceeded:

Highest % of
ARfD/ADI

No of commodities for which
ARfD/ADI is exceeded (IESTI 2):

---

---

*)

**)

Commodities
Witloof
Lettuce

pTMRL/
threshold MRL
(mg/kg)
0,02 / 0,02 / -

No of commodities for which
ARfD/ADI is exceeded (IESTI 1):
IESTI 1
Highest % of
ARfD/ADI
0,1
0,0

---

*)

**)

Commodities
Witloof
Lettuce

pTMRL/
threshold MRL
(mg/kg)
0,02 / 0,02 / -

IESTI 2

No of critical MRLs (IESTI 2)

**)

Commodities
Witloof
Lettuce

pTMRL/
threshold MRL
(mg/kg)
0,02 / 0,02 / -

---

***)

***)

pTMRL/
threshold MRL
(mg/kg)

pTMRL/
threshold MRL
(mg/kg)

Processed
commodities

Highest % of
ARfD/ADI
0,1
0,0

---

*)

---

No of commodities for which
ARfD/ADI is exceeded:

Highest % of
ARfD/ADI

No of commodities for which ARfD/ADI is
exceeded (IESTI 2):

*) The results of the IESTI calculations are reported for at least 5 commodities. If the ARfD is exceeded for more than 5 commodities, all IESTI values > 90% of ARfD are reported.
**) pTMRL: provisional temporary MRL
***) pTMRL: provisional temporary MRL for unprocessed commodity

Conclusion:
For Benfluralin IESTI 1 and IESTI 2 were calculated for food commodities for which pTMRLs were submitted and for which consumption data are available.
No exceedance of the ARfD/ADI was identified for any unprocessed commodity.
For processed commodities, no exceedance of the ARfD/ADI was identified.

Figure 2.7.9-1 Summary of the results of the chronic dietary consumer risk assessment for benfluralin (limited to the
representative uses for renewal of active substance approval)
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No concerns for long-term consumer intake were identified for any of the European diets. The diet with the
highest TMDI was that of ES adult, ES child and WHO regional European diet at 0.2% of the ADI. Since the
TMDI is below the ADI for all population subgroups, refined (NEDI) calculations has not been performed.

For the acute risk assessment, the highest IESTI was 0.2% of the ARfD (NL diet) for witloof. As an ARfD is not
deemed necessary, an acute dietary exposure calculation has not been performed.

2.7.10

Proposed MRLs and compliance with existing MRLs

An overview of existing and proposed EU MRLs for benfluralin for the representative uses is given in Table
2.7.10-1.
Table 2.7.10-1: Existing and proposed MRLs s for benfluralin for lettuce, witloofs, and chicory roots
Codea
Commodity/Group
Existing EU MRL (mg/kg)
Proposed EU MRL (mg/kg)
0251020
Lettuces
0.02*
0.01*
0255000
Witloofs/Belgian endives
0.02*
0.01*
0900030
Chicory roots
0.02*
0.01*
a

Commodity code number, as listed in Annex I of Regulation (EC) No 396/2005

2.7.11

Proposed import tolerances and compliance with existing import tolerances

Not applicable. No MRLs are proposed for import tolerances in the framework of renewal of active substance
approval.

2.8

Fate and behaviour in the environment

Benfluralin has a high Kfoc, implying that it will not leach and in the environment will bind to organic material. In
water systems, benfluralin volatilizes to a great extent and is not expected to remain due to its relatively high
vapour pressure (1.8 x 10-3 Pa at 20 °C) and low water solubility (0.064 mg/L at 20 °C). In water/sediment
systems, the non-volatilized benfluralin partitions readily to the sediment phase due to the high Kf oc.

A conclusion on the relevance of aerobic soil metabolite 2,6-dinitro-4-(trifluoromethyl)-phenol (B12) is not yet
reached and is awaiting assessment by toxicology experts. In anaerobic soil, two major metabolites, benfluralin
diamine (B36) and ethyl propyl benzimidazole (U6#1), were formed. Four major aqueous photolysis metabolites
were formed; desalkyl benfluralin diamine (358R), propyl benzimidazole (371R), methyl benzimidazole (372R)
and ethyl propyl benzimidazole (379R). Anaerobic soil metabolite B36 was found also in water sediment.
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2.8.1

Summary of fate and behaviour in soil

For the first Annex 1 inclusion, two aerobic soil degradation studies were submitted (Graper, 1990a and Berard,
1985). The RMS and Co-RMS are of the opinion that these studies should be considered not acceptable due to
several shortcomings which altogether lead to uncertain results. However, the finding of metabolite B12 above 5
% AR at two consecutive sampling points in the 1990a study by Graper is relevant for the discussion regarding the
degradation route of benfluralin (Knowles 2010a found the levels to be < 5 % AR by reanalyzing the soil
samples). For the renewal, two new studies on the route and rate of aerobic degradation in six soils was submitted
(Roohi and Cooper 2015; supplementary study by Roohi 2016 and Kercher, 2018) and are considered acceptable.
On request from EFSA during the peer review process, a new study on the aerobic degradation of metabolite B12
in soil was submitted (Scherthan, 2018). Four soil dissipation studies were submitted for the first Annex 1
inclusion and are considered acceptable also for the renewal assessment. As the intended use of benfluralin
involves soil incorporation to 5-10 cm depth, no soil photolysis studies have been conducted.

Route of degradation in soil
Four studies have been submitted for the evaluation of route of degradation of benfluralin in aerobic soil (Graper
1990a; Berard 1985; Roohi and Cooper 2015 with supportive study Roohi 2016; Kercher 2018). The RMS does
not accept the study by Berard (1985), where metabolite formation was not assessed, and considers the findings by
Graper (1990a) as supportive information. The main degradation pathway was formation of bound residues (23.0
– 63.4% AR after 112 to 125 days) and mineralization (1.7% to 17.2% AR at day 120-125). Volatilization was an
important degradation pathway in Roohi and Cooper (2015), where benfluralin was not soil incorporated. In
Kercher (2018) benfluralin was incorporated into the soil and volatilization was of minor importance (maximum
levels of volatile radioactivity in the two soils were 0.7 and 2.4% AR at day 62). The RMS therefore is of the
opinion that benfluralin is not likely to volatilize to a great extent after application, since the intended use of
benfluralin involves soil incorporation into the upper 5-10 cm soil layer. Numerous minor metabolites were
detected and were regarded as transient. The main metabolite 2,6-dinitro-4-(trifluoromethyl)-phenol (B12) was
detected at levels exceeding 5% AR in two of the degradation route studies (at two consecutive time points in
Graper 1990a and at the last measurement in Roohi and Cooper 2015). Reanalyses of the raw data from both
studies indicated co-elution of B12 with other compounds and found the true levels of B12 to be < 5 % AR. The
study by Kercher (2018) that was submitted during the peer review process did not find B12 at levels above 5 %
AR in the two soils that were tested. The RMS is therefore of the opinion that there is sufficient scientific evidence
to support that B12 is a minor aerobic soil metabolite of benfluralin.

Nonetheless, a new aerobic degradation study (Scherthan, 2018) and PECgw calculations for metabolite B12 were
requested by EFSA during the peer review process in case the toxicology experts conclude that B12 is to be
considered a relevant metabolite. The results from the degradation study have therefore been included in the
assessment.
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Two studies have been submitted for the evaluation of route of degradation in anaerobic soil (Knoch and Heim
2003a; Graper 1990b). The RMS considers that the study by Graper (1990b) should be regarded as not relevant.
The study has several shortcomings that make it unsuitable for providing information on the anaerobic route of
degradation of benfluralin, and the results are not used as supporting information. Under anaerobic conditions, the
nitro group of benfluralin is reduced to form benfluralin diamine or B36 (formation fraction: 0.29, max. 23.2 %
AR at day 1) followed by cyclisation to form ethyl propyl benzimidazole or U6#1 (max. 25 % AR at day 2).

The proposed degradation pathway of benfluralin in aerobic and anaerobic soil is shown in Figure 2.8.1-1.

Figure 2.8.1-1: Proposed soil degradation pathway for benfluralin.
Rate of aerobic soil degradation and field dissipation

Laboratory soil
An overview of the laboratory half-lives of benfluralin at 20 °C is presented in Table 2.8.1-1. The trigger endpoint
is 198 days (worst-case non-normalised, n = 6) and the modelling endpoint is 70.8 days (geometric mean, n = 6).
The RMS notes that the degradation rates in the Speyer 2.3 and Hareby soils from the study that mixed benfluralin
into the soil samples (Kercher, 2018) are notably shorter than the rates in the soils from the Roohi and Cooper
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2015 study, where benfluralin was applied to the soil surface. The rates from the Kercher study are the same order
of magnitude as the field studies.

One study that investigated the aerobic degradation rate of B12 in six soils (Scherthan, 2018) was submitted by the
applicant during the peer review process. The study was considered acceptable by the RMS. Additionally, a
degradation rate and formation fraction for metabolite B12 in the Hareby soil from the Kercher (2018) parent
dosed study was calculated as part of the PECgw assessment of B12. An overview of the laboratory half-lives of
B12 at 20 °C is presented in Table 2.8.1-2. The modelling endpoint is 18.6 days (geometric mean, n=7).

Table 2.8.1-1: Laboratory half-lives of benfluralin in aerobic soil at 20 °C at pF2.
Soil

Soil type
(USDA)

Temperature
/ moisture

DT50
(days)

DT90
(days)

χ2
(%)

Model

Trigger/
modelling
endpoint

ECHA
persistence
endpoint
(12°C)**

Kenslow/UK

Sandy
loam

20 °C / pF2

119.0

395.0

3.6

SFO

119

254

Clipstone/UK

Sand

20 °C / pF2

198.0

675.0

2.0

SFO

198

423

Hareby/UK

Clay
Sandy
loam
Sandy
loam

20 °C / pF2

54.4

181.0

1.9

SFO

54.4

116

20 °C / pF2

110.0

367.0

3.4

SFO

110

235

32.7

109

9.1

SFO

32.7

69.8

31.7

105

7.05

SFO

31.7 / 27.3*

58.3

198.0
72.6

675.0
-

-

-

198
70.8

Study

Roohi and
Cooper, 2015;
CA
7.1.2.1.1/04

Speyer 2.3/DE
Kercher,
2018; CA
7.1.1.1.1/04

20 °C /
approx. pF2
20 °C /
Loam
approx. pF2
Maximum
Geometric mean

Speyer 2.3/DE
Hareby/UK

*modelling endpoint normalized to soil moisture content at pF2
** Half-lives normalized to 12°C in line with ECHA guidance (Chapter R.11, ver. 3.0, June 2017) for comparison of half-lives to soil
persistence hazard cut-off criteria (see discussion under “Assessment in relation to the P-criteria” below)

Table 2.8.1-2: Laboratory half-lives of metabolite B12 in aerobic soil, best fit and modelling endpoints (20
°C at pF2).
Study

Scherthan,
2018;
CA
7.1.2.1.2.1/01

Kercher,
2018; CA

Soil

Mußbach,
Loam
Lufa 2.1,
Loamy sand
Lufa 2.2,
Sandy loam
Attenschwill
er, Silt loam
Bourg-enBresse,
Sandy loam
Village
Neuf, Loam
Hareby,
loam

pH
(Ca
Cl2)

Best fit
model

7.03

FOMC

4.90

FOMC

5.60

FOMC

7.52

SFO

5.84

DT50
(days)

DT90
(days)

χ2
(%)

Modelling endpoints
Model

37.2
(53.3*)
9.4
(11.1*)
8.3
(10.7*)
68.3

177

2.42

SFO

Factor to
normalise
moisture
0.729

Factor to
normalise
temp.
1

DT50
(days)

f.f.

30.1

N/A

36.8

3.54

SFO

0.520

1

5.3

N/A

35.5

2.83

SFO

0.475

1

4.4

N/A

227

2.68

SFO

0.581

1

39.6

N/A

DFOP

16.0
(52.5#)

93.6

2.43

FOMC

0.630

1

16.9

N/A

7.50

FOMC

811

1.95

SFO

0.525

1

46.9

N/A

7.64

SFOSFO

87.5
(244*)
41

136

13.2

SFOSFO

0.861

1

35.3

0.060

7.1.1.1/04
Geometric mean (n=7)

18.6
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*) DT50 slow phase = DT90 / 3.32
#) DT50 slow phase

f.f. – formation fraction
Soil dissipation
An overview of the field dissipation rates is given in Table 2.8.1-3. The notifier provided a kinetic evaluation of
the non-normalised data and, on request from the RMS, of time-step normalized data (20 °C and pF2). The nonnormalised DT50 trigger endpoint is 63.7 days (worst case, n = 4), and the normalized DegT50 modelling
endpoint is 39.9 days (geometric mean, n = 4).

Table 2.8.1-3: Soil dissipation rates of benfluralin.
Ref. of soil study

Clements, 2002;
CA 7.1.2.2.1/01

Ref. of kin.
evaluation

Field trial

Soil
type
(USDA)

Non-normalised
trigger endpoints

Normalised modelling
endpoints*

DT50field
(days)

χ2

Best-fit
model

DegT50matrix
(days)

χ2

Kinetic
model

Northern France
(Betheniville)

Clay
loam

39.2

16.9

SFO

37.2

11.9

SFO

Silt
loam

63.7

15.5

SFO

45.4

15.3

SFO

Stevenson, 2003;
CA 7.1.2.2.1/03

Belgium (VillersMamouni
Perwin)
and Jarvis,
2016; CA Belgium (Villers7.1.2.2.1/05
Perwin)

Silt
loam

31.5

9.7

HS

46.1

14.8

SFO

Clements and van
Acker, 2002b; CA
7.1.2.2.1/04

Northern France
(Tilloy Les
Mofflaines)

Silt
loam

34.5

19.9

SFO

32.4

18.0

SFO

Geometric mean

-

-

-

39.9

-

-

Median

-

-

-

41.3

Clements and van
Acker, 2002a; CA
7.1.2.2.1/02

*

Normalised using output from the model PERSIST and a Q10 of 2.58 and Walker equation coefficient of 0.7

Results from the EFSA DegT50 Endpoint Selector
The field DegT50matrix values were shown to be significantly shorter than the laboratory DegT50 matrix values, see
Table 2.8.1-4. According to EFSA guidance from 20141, the field-derived geomean DegT50matrix is to be used as
input parameter in exposure modelling when the geomean field DegT50 matrix is significantly lower than the
geomean laboratory DegT50matrix. The RMS is therefore of the opinion that the geometric mean field DegT50 matrix
of 39.9 d is to be used for modelling purposes.

1

EFSA Guidance Document for evaluating laboratory and field dissipation studies to obtain DegT50 values for active substances of plant
protection products and transformation products of these active substances in soil. EFSA Journal 2014;12(5)3662, 37 pp

RMS: NO
Co-RMS: NL

- 79 Benfluralin
Volume 1

Table 2.8.1-4: Results from a statistical comparison between laboratory* and field DegT50 values for
benfluralin using the EFSA DegT50 Endpoint Selector.

*the RMS and Co-RMS considered laboratory studies by Graper (1990a) and Berard (1985) as non-acceptable, and the results from these
studies have been excluded.
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Assessment in relation to the P-criteria
An expert discussion was held to discuss the available laboratory and field soil DT50 values in the context of the
soil persistence cut-off triggers. Discussions also included the RMS evaluation of the Kercher (2018) study, which
resulted from a data requirement during the peer review process. The experts were asked to consider the
contribution of volatilization to the half-lives that are estimated in the different experiment setups. The discussion
was held exceptionally because benfluralin might be considered bioaccumulating (B).

The criteria for persistence (P) in soil, as stated in Annex II to Regulation (EC) 1107/2009, are DT 50 >120 days
(PBT) and >180 days (POP and vPvB). Two different documents related to persistence criteria are available, one
considering the reference temperature of 20 oC (EC guidance2) and another 12 oC (ECHA guidance3). The ECHA
guidance also considers the need to add non-extractable residue for P assessment. The experts noted that within
the framework of pesticides risk assessment, the practice is to require sufficiently exhaustive extraction to
guarantee that the amount of active substance in non-extractable residues would not significantly influence the
calculation of the degradation rates. Therefore, adding non-extractable residues for the persistence assessment is
not generally done in the pesticides regulatory framework.

All aerobic soil laboratory DT50 values were derived by SFO kinetics, and recalculation of the laboratory results
for comparison against the P-criteria at 20 oC was therefore not necessary. When considering degradation at 20 oC,
one of the six laboratory DT 50 values was above the criteria for PBT and POP/vPvB (198 days), while the other
five values were below the criteria (31.7 – 119 days). When considering degradation at 12 oC, three of the six
laboratory DT50 values were above the criteria for PBT and POP/vPvB (see table 2.8.1-1 above). It should be
noted that the slowest degradation rates were obtained from the study that did not mix benfluralin into the soil
(Roohi and Cooper, 2015), which is not in line with recommendations in the OECD 307 guidance and does not
represent the intended use of the product, where the substance is incorporated into upper 5-10 cm soil layer. As
microbial degradation is an important pathway of benfluralin degradation, the lack of soil incorporation may have
reduced the availability of benfluralin and therefore resulted in slower rates of transformation than expected from
the proposed use.
In the study by Kercher (2018), benfluralin was incorporated and less volatilization and faster degradation was
observed. The experts considered that this study was more in line with the OECD guidance than the Roohi and
Cooper (2015) study, since the substance is mixed with soil as recommended by the guidance. However, the study
by Kercher (2018) did not investigate the soil from which the longest DT50 was derived (Clipstone). The RMS is
of the opinion that the criteria overall are not fulfilled, although there may be circumstances where benfluralin
may be persistent.

In the field studies, volatilization is not accounted for. On the other hand, degradation data were collected only
after incorporation. Contribution of volatilization is assumed to only be significant before incorporation. The

2

DG SANCO Working Document on «Evidence Needed to Identify POP, PBT and vPvB Properties for Pesticides» rev. 3, September 2012
ECHA guidance «Guidance on Information Requirements and Chemical Safety Assessment, Chapter R.7b: Endpoint specific guidance /
Chapter R.11: PBT/vPvB assessment», ver. 4 / ver. 3, June 2017
3
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proposed GAP for the representative use requires incorporation. However, it could be, at least theoretically, that
other uses without incorporation are proposed in the future. The experts generally considered that the kinetic
values from the field experiments can reasonably be assumed to be mainly due to degradation and could ultimately
be used to compare against persistence hazard cut off criteria. The soil dissipation results indicate support the
conclusion based on the laboratory data, that the criteria are not fulfilled (all four non-normalized soil dissipation
DT50 values are well below the lowest P criteria of 120 days, the worst case SFO DegT 50 is 63.7 days).

Adsorption, desorption and mobility in soil
Two studies on adsorption of benfluralin were available, both previously evaluated and accepted in the DAR
(2006). The RMS considers the study by Saunders and Powers (1987) as non-acceptable for the re-evaluation. In
the study by Knoch and Batzer (2003), adsorption/desorption properties of benfluralin were tested in four soils.
The RMS agrees with the applicant on excluding the results from the volcanic soil from the LoEP, due to the
distinctive physical and chemical properties of this type of soil which deviates from typical agricultural soil. The
RMS nonetheless considers the data requirement as fulfilled, as four soils have been tested.

The results show that benfluralin has great preference for binding to soil organic matter. The range of the four Kf oc
values was from 10736 to 53345 mL/g. The Freundlich exponent ranged from 1.055 to 1.139. The adsorption
results are shown in Table 2.8.1-5. The worst case Kfoc value of 10736 mL/g and a 1/n of 1.055 is to be used for
modelling purposes.

In addition, one study on the soil metabolite B12 was provided by the applicant (Scherthan, 2017). The
adsorption/desorption properties of B12 were tested in six soils. The RMS notes that the study is not required
since it has been concluded that B12 does not exceed 5% AR in the aerobic degradation studies. However, since it
is still unclear whether the metabolite will be classified as relevant by toxicology experts, the study is included in
the assessment in order to provide input for PECgw calculations. The results show that B12 is relatively mobile in
soil. The KfOC values range from 22.80 – 50.12 mL/g with a geometric mean of 40.51 mL/g. The Freundlich
exponent ranged from 0.67 – 0.83 with an arithmetic mean of 0.76. The mean values of the Kf oc and 1/n should be
used for modelling purposes. The results are shown in table 2.8.1-6.

One column leaching study on the active substance was available and accepted in the DAR (2006). However, the
RMS is of the opinion that this study is acceptable for providing supportive information only.
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Table 2.8.1-5: Adsorption behaviour of benfluralin in different soils
pH
Kf
Study
Soil
OC%
(CaCl2) [ml/g]

r2

Kfoc
[ml/g]

1/n

Silty clay (Bergen-Enkheim)

2.07

7.3

272.7

0.997

13174

1.139

Silt loam (Hofheim)

1.44

5.8

154.6

0.978

10736

1.055

Sand (Standard LUFA 2.1)

0.9

5.2

129.6

0.988

14400

1.099

Loam (Volcanic M634)

3.80

5.2

2027.1

0.983

53345*

1.302*

Geometric mean

n.c.

-

Arithmetic mean

-

n.c.

Knoch and
Batzer, 2003;
CA
7.1.3.1.1/01

*the volcanic loam soil was considered not representative for normal agricultural soils and the results were excluded from the mean.
n.c. – not calculated, as n=3

Table 2.8.1-6: Adsorption behaviour of B12 in different soils
pH
Study
Soil
OC%
(CaCl2)
Loam (Mußbach)
2.49
7.03

Kf
[ml/g]
1.09

0.993

Kfoc
[ml/g]
43.78

r2

1/n
0.79

Loamy sand (Lufa 2.1)

0.68

4.90

0.29

0.991

43.20

0.76

Sandy loam (Lufa 2.2)

1.73

5.60

0.39

0.994

22.80

0.73

Silt loam (Attenschwiller)

1.11

7.52

0.53

0.996

47.34

0.80

Sandy loam (Bourg en Bresse)

3.13

5.84

1.35

0.990

43.20

0.67

Loam (Village Neuf)

0.88

7.50

0.44

0.997

50.12

0.83

Geometric mean

40.51

-

Arithmetic mean

-

0.76

Scherthan,
2017 CA
7.1.3.1.2/01

2.8.2

Summary of fate and behaviour in water and sediment

Route of degradation in the aquatic compartment
Benfluralin was shown to be stable to hydrolysis at pH 4, 7 and 9 at 50 °C for 5 days (no degradation rates were
determined) and is therefore considered as hydrolytically stable under all environmentally relevant pH conditions.
Benfluralin is not readily biodegradable.
Two studies were submitted on aqueous photolysis (one study previously evaluated and accepted in the DAR; one
study submitted for the renewal) and were considered acceptable by the RMS. Benfluralin is rapidly photolytically
degraded in aqueous media. In the study by Knoch and Heim (2003b), metabolites 371R (propyl benzimidazole),
372R (methyl benzimidazole), 379R (ethyl propyl benzimidazole), and 358R (des-alkyl benfluralin diamine) were
observed at levels exceeding 10% AR (average of duplicates). In the study by Ding (2016), the metabolites 358R
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and 372R were observed at levels exceeding 10% AR (average of duplicates) with maximum concentrations of
14.1% (day 1) and 19.8% AR (day 4), respectively, and metabolite 371R was observed to exceed 10% AR in two
single samples (10.8 % AR at day 4 and 10.2% AR at day 7).

One new study considering aerobic mineralisation in surface water (OECD TG 309) was submitted. No
degradation of benfluralin was observed during the test period (17 days), and high proportions of benfluralin
dissipated from the water phase via evaporation (up to 88 % AR at study termination).

One water-sediment study was submitted and was, as in the DAR, considered acceptable. Route and rate of
aquatic degradation of benfluralin was assessed in two EU water-sediment systems in the dark at 20 °C.
Significant amounts of benfluralin volatilized from the system and increased rapidly to ca. 53 % AR (day 2) in
both systems and thereafter to ca. 64 % AR after 100 days. One major degradation product was found, mainly in
the sediment phase; benfluralin diamine or B36 (> 5 % AR at two consecutive time points).

The degradation pathway of benfluralin in aquatic systems is presented in Figure 2.8.2-1.
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Figure 2.8.2-1: Degradation pathway of benfluralin in aquatic systems.

Rate of degradation in the aquatic compartment
The photolytic transformation half-lives of benfluralin in water are summarized in Table 2.8.2.1-1. Since the
photodegradates did not reach the maximum amounts within the first 6 hours of radiation, no kinetics were
calculated for them. The direct photolytic transformation half-lives of benfluralin in Knoch and Heim (2003b) are
considered less reliable than the ones calculated in Ding (2016) due to a poorer kinetic fit to the data from Knoch
and Heim 2003b. The direct photolytic transformation half-life of benfluralin in sterile buffered water is therefore
determined from Ding (2016), and was 7.8 hours under continuous (artificial) irradiation. Recalculated to
conditions of natural summer sunlight at 40 °N, the DT50 in sterile water was 1.7 hours.
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Table 2.8.2.1-1. Photolytic degradation rates and major photoproducts of benfluralin in water.
Study
System SFO
SFO
χ2
Stat./
Quantum
Major metabolites (observations > 10%
DT50 / DT50 /
(%) vis.
yield
AR; max % AR)
DT90
DT90
accept
(hours) (hours)
Natural
light
Knoch
Buffer
2.2 /
18* /
5.7
Yes
2.12 x 10-5
371R: propyl benzimidazole (15.4 %, 8h)
and
(pH 5)
7.2
n.c.
372R: methyl benzimidazole (15.8 %, 2 h)
Heim,
379R: ethyl propyl benzimidazole (15.1 %
2003b;
AR, 8 h)
CA
358R: des-alkyl benfluralin diamine (11.9 %
7.2.1.2/01
AR, day 1)
Ding,
Buffer
7.8 /
1.7* /
3.7
Yes
3.18 × 10-3
358R: des-alkyl benfluralin diamine (14.1
2016; CA (pH 7)
25.7
5.5*
%, day 1)
7.2.1.2/02
372R: methyl benzimidazole (19.8 %, day 4)
371R: (10.8 %, day 4, single sample)
* recalculated to natural summer sunlight at 40 °N
n.c. - not calculated

The dissipation of benfluralin from the water phase in the water sediment systems was mainly via volatilization
and partitioning to the sediment. The notifier first provided a kinetic assessment for the whole systems without
correcting the degradation rates for dissipation by volatilization. On request from the RMS to provide a new
kinetic assessment accounting for volatilization losses by applying the correction procedure recommended by the
FOCUS working group (2014), an additional kinetic assessment was submitted. However, the new kinetic
assessment was not performed according to the recommended procedure, and the DT50 system values for the a.s.
represent dissipation and not degradation rates. On request from EFSA during the peer review process, the notifier
submitted another new kinetic assessment where the biphasic kinetic models where corrected for volatilization
according to the recommended correction procedure. The RMS concludes that the report is acceptable. The results
that were obtained showed that the slow phase DT50 of benfluralin degradation corrected for volatilization was
the same as for the benfluralin dissipation, indicating that volatilization of benfluralin from the sediment/water
systems mainly occurs shortly after application and does not significantly influence the degradation of benfluralin
in the water/sediment system. The results are summarized in table 2.8.2.1-2 below. Based on these results, a
geometric mean value of 3.1 days should be selected for use in the sediment compartment when performing
PECsw calculations. No acceptable calculations of the degradation kinetics of the sediment metabolite benfluralin
diamine were performed.
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Table 2.8.2.1-2. Benfluralin degradation in water/sediment corrected for volatilization (Knoch and Heim,
2002b). Best-fit kinetics are marked in bold
System
Bickenbach

UnterWiddersheim

Model

DT50 (days)

DT90 (days)

χ2 error (%)

SFO

2.6

8.9

2.4

DFOP a

2.7 (2.6*)

8.6

2.7

HS

2.6 (2.4*)

8.3

0.09

SFO
DFOP

3.1
2.6 (3.8*)

10.3
11.4

8.2
1.4

HS

2.7 (3.7*)

11.3

0.09

Kpd/v
(Prob. > t)
0.268
(1.27E-19)
K1= 0.268 (0.5)
K2 = 0.268 (0.5)
g = 0.9958
K1= 0.1339 (1.9E-21)
K2 = 0.286 (3.35E-40)
tb = 0.4112
0.2241 (230E-10)
K1= 6.031 (4.3E-8)
K2 = 0.1873 (7.01E-20)
g = 0.1873
K1= 0.7457 (2.84E-33)
K2 = 0.1862 (8.82E-40)
tb = 0.354

* slow phase
a: no acceptable statistics (confidence interval contains 0).

No degradation of benfluralin was observed in the surface water mineralization study.

Assessment in relation to the P-criteria
The criteria for persistence in water and sediment, as stated in Annex II to Reg (EC) 1107/2009, are:
-

Water: DT50 40 days (for fresh water in PBT assessment), 60 days (POP assessment, for marine water in
PBT assessment, and all waters in vPvB assessment)

-

Sediment: DT50 120 days (for fresh water sediment in PBT assessment), 180 days (POP assessment, for
marine sediment in PBT assessment, and all sediments in vPvB assessment).

No data was available for marine water or sediment. This is not considered a data gap since data from marine
compartments are not routinely required.

Benfluralin is hydrolytically stable and not readily biodegradable. The results from the new study on surface water
mineralization clearly indicates that both criteria for persistence in fresh water (PBT: 40 days; POP/vPvB: 60
days) are exceeded. However, the RMS hesitates to identify benfluralin as being persistent based solely on these
results until more experience has been acquired on the evaluation of this new type of study. The OECD 309 study
could have been performed with suspended sediment, which would probably lead to results comparable to those
obtained in the water-sediment system. The results from the water-sediment study indicate that volatilization and
distribution to sediment are important aspects of the dissipation of benfluralin in aquatic systems. Additionally,
benfluralin in the water phase is rapidly photodegraded (pH 5 and 7). Benfluralin is not expected to persist in the
water compartment.
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2.8.3

Summary of fate and behaviour in air

The vapour pressure of benfluralin is 1.8 x 10 -3 Pa at 20°C, indicating a moderate potential for volatilization from
plant and soil. Benfluralin has a half-life in air of 5.7 hours (0.24 days) (1.5 × 106 OH-radicals/cm3 on a 12 hour
day), which is clearly below the trigger of 2 days. It is therefore considered that there is no need for further
assessment of long range transport of benfluralin.
In a laboratory wind tunnel experiment, radiolabelled benfluralin was applied to soil and to dwarf runner
bean plants and it was estimated that in 24 hours, 15.8% and 16.8% of the applied radioactivity was lost to the air
compartment from soil and from plant leaves respectively. In the field, benfluralin is to be incorporated into soil
(5-10 cm), which will highly reduce its volatility considering its very high soil Koc value.

2.8.4

Summary of monitoring data concerning fate and behaviour of the active substance, metabolites,
degradation and reaction products

Detection of neither benfluralin nor its metabolites was reported in groundwater, surface water or air.

2.8.5

Definition of the residues in the environment requiring further assessment

Table 2.8.5-1: RMS proposal for definition of residues for which further exposure/risk assessment is
needed.
Compartment
Residue
Justification
Soil

Benfluralin

by default

Groundwater

Benfluralin

by default

Benfluralin

by default

ethyl propyl benzimidazole

aq. photolysis metabolite

des-alkyl benfluralin diamine

aq. photolysis metabolite

propyl benzimidazole

aq. photolysis metabolite

methyl benzimidazole

aq. photolysis metabolite

benfluralin diamine

metabolite found in sediment

Benfluralin

by default

benfluralin diamine

metabolite found in sediment

Benfluralin

by default

Surface water

Sediment
Air

2.8.6

Summary of exposure calculations and product assessment

2.8.1-1 Soil
Predicted environmental concentrations in soil (PECsoil) were calculated for benfluralin for the GAP uses of
product EF-1533 in lettuce and chicory at a maximum application rate of 1 x 8 L/ha, corresponding to 1440 g
a.s./ha, followed by soil incorporation in a 10 cm layer. The worst case kinetic endpoints (HS, Belgian trial site
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1998) and a standard dry soil bulk density of 1.5 g/cm 3 over 10 cm soil depth was used. The calculations were
made using the tool ESCAPE v.2. Maximum initial actual (PECsoil) and time-weighted averaged concentrations
were calculated for the topsoil layer. The PECsoil following accumulation was also calculated.
The initial PECsoil of benfluralin was 0.960 mg/kg. The PECsoil accumulation was calculated to be
1.009 mg/kg. The maximum PECsoil for the formulation was calculated to be 5.02 mg/kg, based on a density of
0.941 g/mL.
2.8.6-2 Groundwater
Calculation of PECgw were provided for benfluralin and the metabolite B12. Standard calculations using FOCUS
PEARL, PELMO and MACRO were presented. In FOCUS PEARL and PELMO, cabbage was used as a surrogate
for lettuce/chicory and carrots for chicory. In FOCUS MACRO, leafy and root vegetables were used as surrogate
crops for lettuce/chicory and chicory respectively. Soil incorporation (10 cm) was assumed. The RMS agrees with
the substance input parameters for benfluralin that was used by the applicant, except for the 1/n value. The
applicant used a slightly higher value than reqested by EFSA during the peer review process. For metabolite B12,
the RMS agrees with the input except for the degradation rate and the formation fraction. However, the RMS is of
the opinion that the simulations are acceptable as they cover for the intended use of the product. Results for all
scenarios in all three models for both crops shows no risk of benfluralin and B12 exposure through groundwater
(levels < 0.001 µg/L and < 0.05 µg/L, respectively). For B12 only one crop was run in the MACRO model.

2.8.6-3 Surface water and sediment
Calculations of PECsw and PECSED were provided for benfluralin, the sediment metabolite B36 and the aqueous
photolysis metabolites 371R, 372R, 358R and 379R. For benfluralin, standard calculations of Step 1-3 using
FOCUS models were presented. The crops that were simulated were root and leafy vegetables (surrogate for
lettuce/chicory and lettuce, respectively). Soil incorporation was assumed. The RMS agrees with the substance
input parameters for benfluralin that were used by the applicant, except for the 1/n value. The applicant used a
slightly higher value than reqested by EFSA during the peer review process. The RMS checked the calculations
and only negligible influence of the erroneous 1/n value was found. The Step 3 values provided by the applicant
were therefore considered for further risk assessment.

Step 4 simulations were provided by the applicant using the SWAN tool to include different mitigation options
(spray drift buffer strips, vegetative filter strips and spray drift reducing equipment). Additionally, deposition after
volatilization was taken into account by incorporating results from the EVA tool into the SWAN tool. The RMS
considers that it is likely that a majority of the combinations of drift mitigation measures result in more than a 95%
reduction in exposure concentration, which is higher than the allowed maximum spray drift reduction that is
proposed in the FOCUS guidance on Landscape and Mitigation Factors in Aquatic Ecological Risk Assessment
vol. 1. This is discussed further in section 2.9.9.3.

The metabolite benfluralin diamine (B36) was not calculated using the standard FOCUS models, and the RMS
considers that the results for this metabolite cannot be used for further risk assessment. The concentrations of the
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four aqueous photolysis metabolites were calculated using Step 1-3 values for benfluralin, corrected for the
maximum observed % in the aqueous photolysis studies and the molecular weight ratio of the metabolite and
benfluralin. The RMS considers these calculations acceptable.

2.8.6-4 Air
Short range transport
The vapour pressure of benfluralin is 1.8 x 10-3 Pa at 20 °C and the water solubility at 20 °C is 0.064 mg/L with a
calculated Henry’s Law constant of 9.1 Pa/mol.m3. These figures suggest that benfluralin is volatile.

Long range transport
Benfluralin has a half-life in air of 5.7 hours or 0.24 days (1.5 × 10 6 OH-radicals/cm3 on a 12 hour day), which is
clearly below the trigger of 2 days. However, EFSA requested further investigations of the long range transport
potential of benfluralin, considering that long-range transport in air was identified as an issue for the structurally
similar compound trifluralin. Although the literature is scarce, the results indicate that benfluralin will not be
subject to long range transport when incorporated into soil after application. For further details, please refer to CA
B.8.3.2 and B.8.4. Benfluralin is not expected to be transported to the stratosphere or cause any ozone depletion.
For further details, please refer to CP 9.3.
Predicted environmental concentrations from other routes of exposure
No other routes of exposure are expected.

2.9

Effects on non-target species

2.9.1

Summary of effects on birds and other terrestrial vertebrates

2.9.1.1 Summary of effects on birds and mammals
The available data on avian toxicity of benfluralin is summarized in the table below. Endpoints used for risk
assessment are highlighted in bold.

Table 2.9.1.1-1. Available studies on avian toxicity of benfluralin.
Organism

Test
substance

Time scale

Endpoint

Toxicity (mg a.s./kg
bw/day)

Bobwhite quail
Colinus virginianus

Benfluralin

Acute oral

LD50

>2000

Canary
Serinus canaria

Benfluralin

Acute oral

Benfluralin

Short-term
dietary

Mallard duck
Anas platyrhynchos

Reference
CA 8.1.1.1/01
1985
CA 8.1.1.1/02

LD50

>2000

LC50

>5000 mg a.s./kg feed
(>793 mg a.s./kg bw/d)

2014
CA 8.1.1.2/02
1978a
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Organism

Test
substance

Bobwhite quail
Colinus virginianus

Benfluralin

Mallard duck
Anas platyrhynchos

Benfluralin

Bobwhite quail
Colinus virginianus

Benfluralin

Bobwhite quail
Colinus virginianus

Benfluralin

Time scale
Short-term
dietary
Reproduction,
31 weeks
(22 weeks
adult dietary
exposure)
Reproduction,
32 weeks
(23 weeks
adult dietary
exposure)
Reproduction,
33 weeks
(21 weeks
adult dietary
exposure)

Endpoint

Toxicity (mg a.s./kg
bw/day)

LC50

>5000 mg a.s./kg feed
(>909 mg a.s./kg bw/d)

NOEL

49.3 16.6

CA 8.1.1.3/01
1991a *

NOEL

<8.6

CA 8.1.1.3/02
1991b *

NOEL

13.7 6.7

Reference
CA 8.1.1.2/01
1978b

CA 8.1.1.3/03
2014

* Validation of the analytical methodology should have been submitted, but has not been submitted by the applicant. For further information,
see Vol 3.B.5, methods of analysis. During Pesticides Peer Review meeting 183 the studies were still considered suitable for risk assessment.

The relevant acute endpoint proposed by the applicant in the risk assessment for benfluralin was >2000 mg/kg
bw/day. For assessing the long term risk, the lowest NOAEL from reproductive toxicity studies or the LD50/10 (>
200 mg a.s./kg bw) is used, as specified in the EFSA Birds and Mammals Guidance Document (2009). In the
original study on bobwhite quail, which provides the NOEL of 8.6 mg a.s./kg bw/day (the endpoint used in the
DAR from 2007), the treatment levels were widely spaced with an interval factor of 3 between the NOEC of 96
mg a.s./kg diet and the LOEC of 295 mg a.s./kg diet. Consequently, in order to provide greater precision on this
estimate, a new study was conducted with narrower intervals between treatment levels (see MCA, Section 8, CA
8.1.1.3/03). The NOEC from this study was found to be 160 mg a.s./kg diet, which is in line with the results of the
previous study, lying between the original NOEC and LOEC values. Therefore, the value of 160 mg a.s./kg diet
(equivalent to 13.7 mg a.s./kg bw/day) has been was suggested used in the risk assessment. During Pesticides Peer
Review meeting 183, the relevant endpoint to be used for the avian long-term risk assessment was discussed. The
RMS originally suggested the NOAEL set at 8.6 mg/kg bw per day that in the study on bobwhite quail from
1991b. It was however noted that effects were observed at that dose on the number of 14-day survivor per
hen. The expert agreed that from this study a NOAEL could not be set. Therefore, it was agreed to combine the
two studies in order to derive an endpoint. Some uncertainties were noted as to the comparability of the two
studies. However, these uncertainties were considered not severe enough to prevent using the combined dataset.
The experts agreed to set a NOEC of 6.7 mg/kg bw per day for bobwhite quail.

Table 2.9.1.1-2. Available studies on mammalian toxicity of benfluralin.
Organism

Test substance

Time scale

Endpoint

Toxicity

Reference

Rat

Benfluralin

Acute
(oral)

LD50

>5000 mg/kg bw

CA 5.2.1/01
(1996)
Report No. DR-00973397-006A

RMS: NO
Co-RMS: NL

- 91 Benfluralin
Volume 1

Rat

EF-1533

Rat

Benfluralin

Rat

Benfluralin

Rat

Benfluralin

Rabbit

Benfluralin

Rabbit

Benfluralin

Acute
(oral)

LD50

2-generation
reproductive
study
Teratology
Range-finding

NOAEL

100 ppm = 5.5
mg/kg bw/day

NOAEL

225 mg/kg bw/day

Teratology

Teratology
Range-finding

Teratology

NOAEL

NOAEL

NOAEL

>2000 mg product
/kg bw (>342 mg
a.s/kg bw)b

Maternal: 225
mg/kg bw/day
Foetal:
475 mg/kg bw/day
Maternal: 100
mg/kg bw/day
Foetal: 100 mg/kg
bw/day
Maternal: 50 mg/kg
bw/day
Foetal: 100 mg/kg
bw/day

CP 7.1.1/01
(2000a)
Report No
110/994604/AC
CA 5.6.1/02
(1995)
Report No. 971155
CA 5.6.2/01
(1985a)
Report No. 6180-100
CA 5.6.2/02
(1985b)
Report No. 6180-101
CA 5.6.2/03
(1973c)
Report No.
B-07-68
CA 5.6.2/04
(1991)
Report No. 3130.9

The acute toxicity endpoints for both benfluralin and the representative formulation EF-1533 are based on limit
tests where no major adverse findings were reported. As the formulation EF-1533 is an emulsifiable concentrate
for spray application to bare soil, negligible direct exposure of mammals to the formulation itself would occur.
Furthermore, as the acute oral toxicity study with the formulated product does not indicate any greater toxicity
than expected based on the content of the active substance, it is considered acceptable to assess the risk to
mammals using the available data for the active substance only, i.e. > 5000 mg a.s./kg bw.

In terms of the chronic endpoint, the NOAEL of 5.5 mg a.s./kg bw/d is considered the most relevant ecological
endpoint for use in the mammalian risk assessment.

2.9.1.2

Potential for endocrine disruption properties in birds and mammals

Wild Mammals:
Endocrine disruption -specific tests belonging to level 2, 3 and 4 of the OECD conceptual framework (CF) have
been submitted for benfluralin. See Section 2.6.8.3 for the RMS’s evaluation of these mammalian toxicology tests
and section 2.6.8.3 in this volume for the Weight of Evidence (WoE) about the endocrine disrupting potential of
benfluralin in mammals.
The RMS considers it plausible that the anti-androgenic and anti-estrogenic effects observed in higher tier in vivo
studies from the OECD CF could be caused by perturbation of the hormone system by induction of liver enzymes
resulting in enhanced hormone (testosterone) metabolism/clearance. Additionally, it could not be excluded that the
adverse effects observed in vivo could be caused by disturbance of the HPG-axis, and/or by anti-androgenic and
estrogenic effects caused by benfluralin breakdown products.
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Based on the evaluation of the available evidence, benfluralin may be considered as having endocrine disrupting
properties according to the draft criteria. However, it is to be noted that no adequate level 5 studies are available
(the submitted 2-generation studies were of old age and provided very limited information on ED-endpoints).

After the peer review a position paper was submitted by the applicant in order to demonstrate that benfluralin not
is an endocrine disruptor in mammals. The conclusion of the executive summary of the position paper is as
follows: “In conclusion, the notifier rejects a position (suggested in the Renewal Assessment Report RAR) that
benfluralin might meet EU criteria as an endocrine disruptor. The observed perturbations of endocrine
parameters are demonstrated, with a high degree of clarity, as being secondary to a non-specific effect (hepatic
enzyme induction) and therefore does not fall within the criteria. Suggestions of anti-androgenic or antiestrogenic properties are not supported by the extensive available data set.” However, this position paper has not
changed the RMS opinion that benfluralin should be considered as an endocrine disrupter according to the draft
criteria.

The endocrine disrupting potential of benfluralin in mammals will be was discussed at the Pesticides Peer Review
182 Mammalian Toxicology, 3-7 September 2018. At the meeting it was concluded that an endocrine disrupting
potential cannot be excluded for benfluralin and that clarification on the plausible link between the mode of action
and the adverse effect is needed.

Birds:
The effects of benfluralin on birds were studied in reproductive toxicity studies on bobwhite quail and mallard
ducks. In both species, effects on reproductive parameters were observed.
In a chronic avian reproduction study with the mallard duck, there were no treatment-related effects observed on
the reproductive parameters. However, there was a high incidence of cracked eggs in the highest
treatment concentration but this was not shown to be significantly different from the
control. Eggshell thickness for both cracked and normal eggs was not significantly affected by
benfluralin exposure. Similarly, offspring body weight was not significantly different in the
treatment groups when compared to the control. The NOEL for this study was determined to be 288 mg a.s./kg
feed, based on an increase in the incidence of cracked eggs at the highest treatment concentration.

In another chronic avian reproduction study with the northern bobwhite quail, there was a significant reduction in
the highest treatment concentration (990 mg a.s./kg feed) for eggs laid, viable embryos of eggs set, normal
hatchlings of live 3- week embryos, and 14-day old survivors. Additionally, the percentage of cracked eggs was
significantly higher at the highest treatment concentration when compared to the control group. Additionally, there
appears to be a significant reduction in eggs laid, and viable embryos of eggs set at 295 mg a.s./kg feed. There
were no significant differences in eggshell thickness in the treatment concentrations when compared to the control.
The study author reported that mean body weight and mean body weight gain were significantly reduced at the
highest treatment concentration when compared to the control during the pre-egg laying period. The NOEL for
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this study was determined to be 96 mg a.s./kg feed based on statistically significant effects on viable embryos of
eggs set and 14-day old survivors per hen per day at the 295 mg a.s./kg feed level.

The type of data obtained from these avian reproduction studies are considered sufficient for evaluating potential
reproductive effects to birds from benfluralin exposure. However, the RMS found these studies insufficient to
conclude on the potential endocrine properties of benfluralin in birds.

Amphibians and Reptiles:
An amphibian metamorphosis assay with benfluralin is available (

et al., 2011). No incidences of mortality,

no indications of abnormal behavior, no signs of advanced, delayed or asynchronous development and no
histopathological effects on thyroid glands were observed among tadpoles exposed to benfluralin concentrations
up to 74.4 µg a.s./L. Based on the results in this study, benfluralin was considered as “likely thyroid inactive”. See
further in section 2.9.2.9 below.

2.9.2

Summary of effects on aquatic organisms

2.9.2.1

Summary of effects on fish

The available data shows that benfluralin is very toxic to fish. The lowest definitive LC50 value of 0.081 mg a.s./L
was derived from a 96-hour study with rainbow trout, Oncorhynchus mykiss. Several other studies with mean
measured concentrations below the water solubility of benfluralin (0.065 mg/L) have been conducted without
obtaining any definitive LC50 values. In addition, one acute 96-hour study with the representative formulation EF1533 has been conducted with rainbow trout. This study shows approximately 7 times lower toxicity than the
study with the active substance (measured in active substance content). One chronic 49-day standard Early Life
Stage (ELS) study with rainbow trout is also available. A significant reduction in length was observed at the dose
level of 0.005 mg a.s/L, giving a NOEC of 0.0019 mg a.s./L. During Pesticides Peer Review meeting 183 it was
decided that the LC10,LL of 0.0013 mg a.s./L (based on mortality) was the relevant endpoint to be used in the risk
assessment. As this study was decisive for the risk to aquatic organisms, a new modified 49-day tier 2 ELS study
was submitted. The suggested endpoint of 0.012 mg a.s./L, based on survival, has not been considered acceptable
for the risk assessment by the RMS and was also supported during Pesticides Peer review meeting 183 (see Vol
3.B.9 on the active substance, CA 8.2.2.1/02

(2016)). Consequently, the NOEC of 0.0019 mg a.s./L LC10,LL

of 0.0013 mg a.s./L from the old ELS study was still chosen as the relevant chronic endpoint for the risk
assessment. The relevant endpoints for fish are summarised in the table below.

Table 2.9.2.1-1: Endpoints considered acceptable
represents the lowest acute and chronic endpoints.
Test
Species
Time-scale
substance
Oncorhynchus
Acute 96 hr
mykiss
benfluralin
(semi-static)
(rainbow trout)

for the aquatic risk assessment for fish. Values in bold
Endpoint

Toxicity*

Reference

Mortality,
LC50

0.081 mg a.s./L

(1985)
CA 8.2.1/01
Report No.
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Oncorhynchus
mykiss
(rainbow trout)

benfluralin

Acute 96 hr
(flowthrough)

Mortality,
LC50

> 0.048 mg a.s./L

Lepomis
macrochirus
(bluegill sunfish)

benfluralin

Acute 96 hr
(flowthrough)

Mortality,
LC50

> 0.042 mg a.s./L

Cyprinodon
variegatus
(heepshead
Minnow)

benfluralin

Acute 96 hr
(flowthrough)

Mortality,
LC50

> 0.027 mg a.s./L

Cyprinus carpio,
(carp)

benfluralin

Acute 96 hr
(flowthrough)

Mortality,
LC50

> 0.029 mg a.s./L

Oncorhynchus
mykiss
(rainbow trout)

benfluralin

Chronic 49 d
(flowthrough)

Length, NOEC

0.0019 mg a.s./L
0.0013 mg a.s./L

Oncorhynchus
mykiss
(rainbow trout)

EF-1533

Acute 96 hr
(flowthrough)

Mortality,
LC50

0.541 mg a.s./L

F00185
(2014a)
CA 8.2.1/08
Report No.
14050.6160
(2013a)
CA 8.2.1/09
Report No.
14050.6125
(2013b)
CA 8.2.1/10
Report No.
14050.6161
(2004)
CA 8.2.1/11
Report No.
12550.6332
(1990)
CA 8.2.2.1/01
Report No.
F00690
(2000a)
CP 10.2.1/01
Report No.
991200

* All values are based on mean measured concentrations

2.9.2.2

Summary of effects on aquatic invertebrates

One acute and one chronic study with daphnids (Daphnia magna) were considered valid for the risk assessment, in
addition to one acute study with the marine mysid shrimp, Mysidopsis bahia. The two studies with daphnids were
conducted with mean measured concentrations below the limit of water solubility. It was not possible to determine
any biological effects of benfluralin in neither of these studies. In the study with the mysid shrimp, a 96-hour LC50
of 0.043 a.s./L was derived. This is the lowest of all of the acute endpoints with aquatic organisms. Additionally,
an acute 96-hour study with the representative formulation EF-1533 was performed with dapnids. In this study,
insoluble benfluralin was observed in the two highest treatment levels. Consequently, it was suggested to set the
EC50 as greater than the limit of water solubility of benfluralin, giving an EC50 > 0.064 mg a.s./L. Two studies
with the sediment dwelling amphipods Hyalella azteca and Leptocheirus plumulosus have also been conducted.
No signs of toxicity were apparent up to the highest concentrations of 83 and 52 mg a.s./kg sediment, respectively,
indicating that benfluralin is not very bioavailable when distributed into the sediments. The relevant endpoints for
invertebrates are summarised in the table below.

Table 2.9.2.2-1: Endpoints considered acceptable for the aquatic risk assessment for invertebrates. Values
in bold represents the lowest acute and chronic endpoints.
Test
Species
Time-scale
Endpoint
Toxicity *
Reference
substance
Daphnia magna
benfluralin
Acute 48 h
Immobility,
> 0.034 mg a.s./L
Urann (2014b)
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(water flea)

Mysidopsis bahia
(mysid shrimp)

(flowthrough)

EC50

benfluralin

Acute 96 h
(flowthrough)

Mortality,
LC50

Daphnia magna
(water flea)

benfluralin

Chronic 21 d
(flowthrough)

Reproduction,
survival and
0.046 mg a.s./L
growth, NOEC

Daphnia magna
(water flea)

EF-1533

Acute 48 h
(flowthrough)

Immobility,
EC50

Reproduction,
survival, sex
83 mg a.s./kg dry
ratio and
sediment
growth, NOEC
Mortality,
LC50

0.043 mg a.s./L

> 0.064 mg a.s./L

CA 8.2.4.1/04
Report No.
14050.6154
Sousa (1990b)
CA 8.2.4.2/01
Report No. 90-63343
Urann (2013c)
CA 8.2.5.1/02
Report No.
14050.6156
Marino et al.
(2000b)
CP 10.2.1/02
Report No.
991201

Sediment dwelling organisms
Hyalella azteca
(freshwater
amphipods)

benfluralin

Chronic 42 d
(semi-static)

Leptocheirus
plumulosus
(marine
amphipods)

benfluralin

Acute 10 d
(semi-static)

> 52 mg a.s./kg dry
sediment

Bradley (2014)
CA 8.2.5.4/01
Report No.
14050.6158
Bradley (2015)
CA 8.2.5.4/02
Report No.
14050.6219

* Values are based on mean measured concentrations

2.9.2.3

Summary of effects on algae

One active substance study conducted with the green algae, Pseudokirchneriella subcapitata, has been accepted
by the RMS. This 96-hour study was performed with mean measured concentrations far below the limit of water
solubility of benfluralin and no effects on growth was observed at concentrations up to the highest dose of 0.0132
mg a.s./L. A study with a second alga species from a different taxonomic group was delivered, as required in
Regulation (EU) No 283/2013, but was not accepted by RMS. Likewise, a 72-hour study with the representative
formulation, as required in Regulation (EU) No 284/2013, was also considered unacceptable. As a result, these
two data requirements are considered not fulfilled. The relevant endpoints for algae are summarised in the table
below.

Table 2.9.2.3-1: Endpoints considered acceptable for the aquatic risk assessment for algae. Values in bold
represents the lowest relevant endpoint.
Test
Species
Time-scale
Endpoint
Toxicity *
Reference
substance
Softcheck (2015a)
Pseudokirchneriella
Chronic 96 h ErC50
> 0.0132 mg a.s./L CA 8.2.6.1/04
subcapitata
benfluralin
(static)
EyC50
> 0.0132 mg a.s./L Report No.
(green algae)
14050.6228
* Values are based on mean measured concentrations
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2.9.2.4

Summary of effects on aquatic macrophytes

One study with the active substance and one study with the representative formulation have been conducted with
the aquatic macrophyte, Lemna gibba. The two studies indicate relatively similar toxicity, with obtained ErC50
values of > 0.032 mg a.s./L and 0.0604 mg a.s./L, respectively. During Pesticides Peer Review meeting 183, all
experts believed that a second macrophyte species should be tested with the active substance. A data gap for a
rooted monocot macrophyte was identified. Relevant endpoints for aquatic macrophytes are summarised in the
table below.
Table 2.9.2.4-1: Endpoints considered acceptable for the aquatic risk assessment for aquatic plants. Values
in bold represents the lowest relevant endpoint.
Test
Species
Time-scale
Endpoint
Toxicity *
Reference
substance
Hoberg (2007)
> 0.032 mg a.s./L
Lemna gibba
Chronic 7 d
ErC50
CA 8.2.7/01
benfluralin
0.017 mg a.s./L
(duck weed)
(semi-static)
EyC50
Report No.
(frond density)
12550.6485
Lemna gibba
(duck weed)

EF-1533

Chronic 7 d
(semi-static)

ErC50
EyC50

0.0604 mg a.s./L
(frond number)
0.0193 mg a.s./L
(frond number)

Biester (2007)
CP 10.2.1/04
Report No.
1072.044.410

* Values are based on mean measured concentrations

2.9.2.5

Summary of effects on other aquatic organisms

No further studies on other aquatic organisms are available.
Comparison with CLP-classification criteria
The data for the toxicity of benfluralin to aquatic organisms are compared with the criteria for classification
according to CLP Regulation (EC) No 1272/2008. Adequate acute and chronic toxicity data are available for all
taxonomic levels (fish, crustacea and algae or other aquatic plants).

(a) Acute (short-term) aquatic hazard
The lowest available acute toxicity value was obtained with crustacea. This endpoint is lower than the
classification criterion for Category Acute 1: ≤ 1 mg/l. The appropriate M-factor is 10, since the toxicity is within
the range 0.01 < L(E)C50 ≤ 0.1.

(b) Long-term aquatic hazard
Benfluralin is not rapidly degradable in the aquatic environment and is therefore relevant for the Category Chronic
1. In addition, a valid bioconcentration study was lacking in the data package. The RMS suggested a BCF of >
2000 because of unreliable data and indications of a high BCF (1740.8) in the available study. This BCF will also
trigger the classification criterion for Category Chronic 1: BCF ≥ 500. Furthermore, No valid bioconcentration
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study was available. The log Kow of benfluralin is 5.19, so a Category Chronic 1 is anyway applicable without
bioconcentration data.
The lowest available chronic toxicity value was observed in a fish study. This is lower than the classification
criterion for Category Chronic 1: ≤ 0.1 mg/l. The appropriate M-factor is 10, since the toxicity is within the range
of 0.001 < NOEC ≤ 0.01 and the substance is non-rapidly biodegradable.

2.9.2.6

Summary of metabolite toxicity

Four photolysis metabolites have been detected at proportions higher than 10 % applied radioactivity (AR) in
water: des-alkyl benfluralin diamine (358R; max 14.1% AR), propyl benzimidazole (371R; max. 15.4% AR),
methyl benzimidazole (372R; max 19.8% AR) and ethyl propyl benzimidazole (379R; max 15.1% AR). In
addition, the metabolite benfluralin diamine (B36) has been observed at proportions up to 8.7 % in sediments.
Metabolite structures are presented in the figure below.
Figure 2.9.2.6-1: Molecular structures of the sediment metabolite B36 and the photoproducts 358R (also
known as TR-6), 371R, 372R and 379R
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For the metabolite 358R, endpoints have been derived for fish, invertebrates and algae, as the similar substance
trifluralin forms the same metabolite (known as TR-6). No toxicity data has been derived for the photoproducts
371R, 372R, 379R, and for the sediment metabolite B36. Futhermore, it is not uambiguously evident that the
toxophore has been lost from these metabolites or that the toxicity is lower than for the active substance.
Consequently, surrogate endpoints for the metabolites were derived with the highly conservative approach,
assuming that the metabolites are 10 times more toxic then the active substance. Endpoints for 358R (TR-6) and
the surrogate endpoints for 371R, 372R and 379R are listed in the table below.
Table 2.9.2.6-1: Endpoints for the
372R and 379R.
Group/Species
Metabolite
Fish
Oncorhynchus
Metabolite
mykiss
TR-6*
(rainbow trout)
Oncorhynchus
371R, 372R
mykiss
and 379R

photolysis metabolite 358R (TR-6) and surrogate endpoints for 371R,
Time-scale

Endpoint

Toxicity

Reference

Acute 96 hr
(static)

Mortality,
LC50

1 mg TR-6/L

Acute 96 hr
(semi-static)

Mortality,
LC50

0.0081 mg
metabolite/L**

(2001a) Report
No. 011092
(1985)
Report No.
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(rainbow trout)
Oncorhynchus
358R, 371R
mykiss
and 372R
(rainbow trout)
Aquatic invertebrates

Chronic 49 d
(flowthrough)

Length, NOEC

0.00019 mg
metabolite/L**

Daphnia magna
(water flea)

Acute 48 h
(flow-through

Immobility,
EC50

3.52 mg TR-6/L

Mysidopsis bahia
(mysid shrimp)
Daphnia magna
(water flea)

Metabolite
TR-6*
371R, 372R
and 379R
358R, 371R
and 372R

F00185

Acute 96 h
(flowthrough)
Chronic 21 d
(flowthrough)

Mortality,
LC50

0.0043 mg
metabolite/L**

(1990) Report No.
F00690
Marino et al.
(2001a) Report
No. 011093
Sousa (1990b)
Report No. 90-63343
Urann (2013c)
Report No.
14050.6156

Reproduction,
survival and
growth, NOEC

0.0046 mg
metabolite/L**

Reproduction,
survival, sex
ratio and
growth, NOEC

8.3 mg a.s./kg dry
sediment ***

Bradley (2014)
CA 8.2.5.4/01
Report No.
14050.6158

> 5.56 mg TR-6/L
4.09 mg TR-6/L***

Henry et al.
(2002) Report No.
011101

> 0.00132 mg
metabolite/L**
> 0.00132 mg 372R
/L

Softcheck (2015a)
Report No.
14050.6228

> 0.0032 mg
metabolite/L**
0.0017 mg
metabolite/L

Hoberg (2007)
Report No.
12550.6485

Sediment dwelling organisms
Hyalella azteca
(freshwater

B36

Chronic 42 d
(semi-static)

Metabolite
TR-6*

Chronic 72 h
(static)

371R, 372R
and 379R

Chronic 96 h
(static)

358R, 371R
and 372R

Chronic 7 d
(semi-static)

amphipods)

Algae
Pseudokirchneriella
subcapitata
(green algae)
Pseudokirchneriella
subcapitata
(green algae)

ErC50
EyC50
ErC50
EyC50

Aquatic plants
Lemna gibba
(duck weed)

ErC50
EyC50

*Identical to the benfluralin photoproduct 358R
**Endpoints derived by assuming that the metabolites are 10 times more toxic than the active substance

2.9.2.7

Assessment of bioaccumulation (B)

The criteria for bioaccumulation in aquatic organisms, as stated in Annex II to Regulation (EC) 1107/2009, is BCF
or BAF > 2000 (PBT) and > 5000 (POP and vBvP). Only one bioaccumulation study with the bluegill sunfish,
Lepomis macrochirus, has been submitted. In this study, a maximum whole fish bioconcentration factor (BCF) of
1740.8 was derived. This study did not fulfil all of the validity criteria in OECD test guideline 305 (2012).
Furthermore, the growth of the juvenile fish and the lipid content were not reported, as required in Regulation
(EU) No 283/2013. Consequently, the BCF could not be corrected for lipid content and growth dilution, which
may affect the BCF. During Pesticides Peer Review meeting 183, the aforementioned shortcomings was
considered severe by all experts. In addition, it was noted that the structure of benfluralin is nearly identical to
trifluralin and when modelled with Episuite, both substances show a very similar potential to bioconcentrate in
fatty tissue. The experimental BCF for trifluralin was 5674 mL/g, which adds additional doubts to the BCF
determined experimentally for benfluralin. Overall, the experts agreed that the study should be invalidated and a
data gap was identified. Nevertheless, based on the information available, the meeting noted that benfluralin is
likely to be considered bioaccumulative (and possibly very bioaccumulative). Considering the characteristics of
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benfluralin and the recommendations included in the OECD 305, the meeting also recommended that, in
addressing this data gap, information should consider exposure via food as well.

Because of the sparse and unreliable data and the relatively high BCF indicated in the available study, the RMS
will suggest a provisional BCF of > 2000 for benfluralin. Consequently, this substance will fulfil the
bioaccumalative criterion in the PBT definition.

2.9.2.8

Assessment of toxicity (T)

An active substance fulfils the criteria for toxicity in aquatic organisms, as stated in Annex II to Regulation (EC)
1107/2009, if the long-term no-observed effect concentration for marine and freshwater organisms is less than
0.01 mg/L. From laboratory studies on the toxicity of benfluralin to aquatic organisms it can be concluded that the
long-term LC10,LL for fish is 0.0013 mg a.s./L no-observed effect concentration for fish is 0.0019 mg a.s./L. Hence,
the T-criterion is fulfilled for benfluralin.

2.9.2.9

Potential for endocrine disruption properties in aquatic organisms

A summary of studies considered relevant for the assessment of endocrine disruption (ED) properties in aquatic
organisms is listed in the table below.
Table 2.9.2.9-1: Summary of studies considered relevant for the assessment of endocrine disruption
properties in aquatic organisms
Title

Guidelin
e, GLP

Purity,
Batch
Doses
Vehicle

Estrogen
receptor binding
assay

US EPA
890.1250
GLP

Estrogen
receptor
transactivation
assay

US EPA
890.1300
GLP

Androgen
receptor binding
assay

US EPA
890.1150
GLP

Steroidogenesis
assay

US EPA
890.1550
GLP

Human
recombinant
aromatase assay

US EPA
890.1200
GLP

97.5%
ACD13683
10-10 – 10-3
M
Ethanol
97.5%
ACD13683
10-10 – 10-4
M
DMSO
97.5%
ACD13683
10-10 – 10-3
M
Ethanol
97.5%
ACD13683
10-10 – 10-4
M
DMSO
97.5%
ACD13683
10-10 – 10-4.5

Results/Remarks

Reference

Study ID

LeBaron, M.J,
Schisler, M.R, and
Visconti, N.R
(2011a)

111123

Positive.
The study is considered
supplementary.

LeBaron, M.J and
Kan, H.L (2011).

101184

Negative.
The study is considered
supplementary.

LeBaron, M.J,
Schisler, M.R, and
Visconti, N.R
(2011b)

111097

Negative.
The study is considered
supplementary.

LeBaron, M.J, Kan,
H.L and Perala, A.J
(2011c).

101183

Negative.
The study is considered
supplementary.

Coady, K.K and
Sosinski, L.K
(2011).

101143

In vitro assays – OECD CF level 2
Negative.
The study is considered
supplementary.
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M
DMSO
Amphibian
Metamorphosis
Assay (AMA)
(OECD TG
231)

Fish Short Term
Reproduction
Assay (FSTRA)
(OECD TG
229)

OPPTS
Number
890.1100/
OECD
231

OPPTS
890.1350/
OECD
229

In vivo assays – OECD CF level 3
Negative.
There were no incidences of
mortality, no indications of abnormal
behavior, no signs of advanced,
delayed or asynchronous
development and no histopatological
effects on thyroid glands among
tadpoles exposed to benfluralin
concentrations up to 74.4 µg a.s./L.
97.5%
Negative.
ACD13683
The study is considered
supplementary because of the low
dose levels tested. Consequently, the
RMS finds this test insufficient to
conclude that there is no potential for
endocrine disruption of benfluralin in
fish.
97.5%
ACD13683

101097

(2011)

101165

(2011)

Five level 2 in vitro assays in “OECD Conceptual Framework for the Screening and Testing of Endocrine
Disrupting Chemicals” 4(CF), relevant for the assessment of the endocrine disrupting potential of benfluralin in
aquatic organisms, have been conducted. In addition, one Amphibian Metamorphosis Assay (AMA) and one Fish
Short Term Reproduction Assay (FSTRA), belonging to level 3 in the OECD CF, have been conducted. Two
chronic early life stage (ELS) studies where significant effects on growth were observed, are also available. These
studies were however not designed specifically for the assessment of ED-specific properties, and it is therefore not
possible to address if these effects were caused by endocrine mediated mechanisms or by general toxicity.

Of all the available in vitro studies, indications of weak endocrine activity were observed only in the Estrogen
receptor transactivation assay (ESTRA). All the other assays showed no or equivocal indications of endocrine
activity. The contradicting results in the Estrogen receptor binding assay (ER) and ERTA study may suggest that
benfluralin can activate expression of estrogen-responsive genes through other receptors than the ER (e.g. PPAR).
However, it should be noted that all of the in vitro studies were considered supplementary, in most cases because
parts of the experiments were not reported, and in some cases also because of deviations from the guideline. See
Vol 3.B.6 (CA), Toxicology and metabolism data, for a more detailed evaluation of the in vitro studies.

In the level 3 AMA, no incidences of mortality, no indications of abnormal behavior, no signs of advanced,
delayed or asynchronous development and no histopathological effects on thyroid glands were observed among
tadpoles exposed to benfluralin concentrations up to 74.4 µg a.s./L. Based on the results in this study, benfluralin
was considered as “likely thyroid inactive”. Likewise, no significant effects were determined in the Fish Short
Term Reproduction Assay. However, in this study the highest treatment group was discarded because of a high
incidence of mortality and overt toxicity. The remaining highest concentration of 3.3 µg a.s./L was below the
lowest LOEC from the available ELS studies, and also below the maximum tolerated concentration (MTC) or the
water solubility of benfluralin. Although it is known that endocrine disrupting chemicals might exhibit effects at
4

OECD (2012) Guidance document on standardized test guidelines for evaluating
ENV/JM/MONO(2012)22

chemicals for endocrine disruption.
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low doses, the RMS found this study insufficient to address the potential endocrine properties of benfluralin in
fish. During Pesticides Peer Review meeting 183, overall the position of the RMS was supported by the experts
(for further details see Vol 3, CA B.9.2.3; CA 8.2.3.2/02).

Evaluation of endocrine-mediated effects in regards to ED-criteria
Draft criteria
At the time of writing the RAR for benfluralin, the last version of the draft criteria was published by the European
Commission in February 2017 (EC 2017, Draft Commission Regulation xx amending Annex II to Regulation (EC)
1107/2009 by setting out scientific criteria for the determination of endocrine disrupting properties). According to
the draft criteria, three conditions needs to be fulfilled in order to consider an active substance an endocrine
disrupter:

From [date of application], an active substance, safener or synergist shall be considered as having endocrine
disrupting properties that may cause adverse effects on non-target organisms if, based on points (1) to (4) of the
third paragraph, it is a substance that meets all of the following criteria, unless there is evidence demonstrating that
the adverse effects identified are not relevant at the (sub)population level for non-target organisms:
(1)

it shows an adverse effect in non-target organisms, which is a change in the morphology,
physiology, growth, development, reproduction or life span of an organism, system or
(sub)population that results in an impairment of functional capacity, an impairment of the
capacity to compensate for additional stress or an increase in susceptibility to other influences;

(2)

it has an endocrine mode of action, i.e. it alters the function(s) of the endocrine system;

(3)

the adverse effect is a consequence of the endocrine mode of action.

Weak estrogenic activity was observed in one of the five in vitro studies, while the other studies showed negative
results. No adverse effects or indications of endocrine disrupting activity were observed in the level 3 in vivo
studies with aquatic organisms. Adverse effects have however been observed in two ELS studies conducted with
rainbow trout. It is not possible to point out if these effects were caused by endocrine mediated mechanisms or by
general toxicity, as the studies not were designed specifically for the assessment of ED-specific properties.
Furthermore, the only available Fish Short Term Reproduction Assay was conducted with low test concentrations,
leading the RMS to suggest that no firm conclusion can be drawn based on this study. Thus, although no
indications of endocrine activity in fish exists, the RMS does not consider this point as sufficiently addressed.

See section 2.9.1.2 in this volume for the evaluation of the endocrine disruptive potential of benfluralin in birds
and wild mammals. See Vol 3.B.6 (CA), Toxicology and metabolism data, and section 2.6.8.3 in this volume, for
the evaluation of the endocrine disruptive potential of benfluralin in humans.
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2.9.3

Summary of effects on arthropods

2.9.3.1. Summary of effects on bees
Table 2.9.3.1-1:
Test species

Summary of toxicity of benfluralin and EF-1533 to honey bees
Test system

48h acute oral
toxicity test
48h acute contact
toxicity test
Honeybee
Apis mellifera
48h acute oral
toxicity test
48h acute contact
toxicity test

Endpoint

Test substance

LD50 (oral)
Benfluralin

LD50 (contact)
LD50 (oral)

EF-1533

LD50 (contact)

Results

Reference

>110.7 µg a.s/bee

CA 8.3.1.1 /01
Schmitzer (2002) a

>100 µg a.s/bee

CA 8.3.1.1/02
Schmitzer (2002) a

>31.25 µg a.s./bee

CP 10.3.1.1/01
Halsall (2000) a

>100 µg a.s./bee

CP 10.3.1.1/02
Halsall (2000) a

a Endpoint

included in the EFSA Conclusion for Benfluralin, 2008 (EFSA scientific report (2008) 127, 1-82)
Endpoints in bold have been considered in the risk assessment

2.9.3.2. Other non-target arthropods
Table 2.9.3.2-1: Summary of toxicity of formulated benfluralin to non-target terrestrial arthropods
Species

Life
stage

Test
substance,
substrate and
duration

Dose
(g a.s./ ha)

Endpoint

%
effect*

LR50

Reference

83.6 g a.s./ha,
initial

Corrected
mortality
Reproduction

100.0 %
-

<83.6

1673 g a.s./ha,
initial

Corrected
mortality
Reproduction

100.0 %
-

CA 8.3.2.1/01
CP 10.3.2.1/01
Sankanu
(2000)

83.6 g a.s./ha,
initial

Corrected
mortality
Reproduction

3.4 %
- 18.4 %

>1673

CA 8.3.2.2/01
CP10.3.2.1/02
Walker (2000)

1673 g a.s./ha,
initial

Corrected
mortality
Reproduction

39.3 %
- 61.2 %

83.6 g a.s./ha,
initial

Corrected
mortality
Food consumption

0.0 %
+ 15.0 %

>1673

CP10.3.2.1/03
Elcock (2000)

1673 g a.s./ha,
initial

Corrected
mortality
Food consumption

0.0 %
+ 17.6 %

83.6 g a.s./ha,
initial

Corrected
mortality
Reproduction

2.5 %
- 15.7 %

>1673

CP10.3.2.1/04
Buttle (2000)

Laboratory tests

Aphidius
rhopalosiphi

adults

Bonalan, glass
plates, 48 h

Typhlodromus
pyri

protonymphs

Bonalan, glass
plates, 14 d

Poecilus
cupreus

adults

Bonalan, sand,
14 d

Crysoperla
carnea

larvae

Bonalan, glass
plates, 17 d

RMS: NO
Co-RMS: NL

- 103 Benfluralin
Volume 1

Species

Life
stage

Test
substance,
substrate and
duration

Dose
(g a.s./ ha)

Endpoint

%
effect*

1673 g a.s./ha,
initial

Corrected
mortality
Reproduction

12.0 %
+ 2.5 %

Extended laboratory tests

Typhlodromus
pyri

Aphidius
rhopalosiphi

Aleochara
bilineata

protonymphs

adults

adults

* Corrected mortality :
Reproduction :

Bonalan, bean
leaves, 14 d

Bonalan,
barley
seedlings, 24 h
+ 10 d

Bonalan,
natural sandy
soil, The total
test duration
counting from
the time of
application
was 83 days.

LR50

Reference

Trigger

165 g a.s./ha,
initial

Corrected
mortality
Reproduction

- 5.3 %
- 11.1 %

50 %
50 %

824 g a.s./ha,
initial

Corrected
mortality
Reproduction

- 5.3 %
+ 3.03 %

50 %
50 %

1647 g a.s./ha,
initial

Corrected
mortality
Reproduction

1.8 %
- 20.2 %

50 %
50 %

2654 g a.s./ha,
initial

Corrected
mortality
Reproduction

15.8 %
- 13.1 %

50 %
50 %

3294 g a.s./ha,
initial

Corrected
mortality
Reproduction

10.5 %
- 47.5 %

50 %
50 %

366 g a.s./ha,
initial

Corrected
mortality
Reproduction

3.3 %
- 34.0 %

50 %
50 %

518 g a.s./ha,
initial

Corrected
mortality
Reproduction

76.7 %
- 33.5 %

50 %
50 %

732 g a.s./ha,
initial

Corrected
mortality
Reproduction

86.7 %
-

50 %
50 %

1035 g a.s./ha,
initial

Corrected
mortality
Reproduction

96.7 %
-

50 %
50 %

1464 g a.s./ha,
initial

Corrected
mortality
Reproduction

96.7 %
-

50 %
50 %

1647 g a.s./ha,
initial

Corrected
mortality
Reproduction

- 3.99 %
- 5.4 %

50 %
50 %

positive values : adverse effects
negative values : adverse effects; positive values : no adverse effects

CP10.3.2.2/01
Schwiening
and Goβmann
(2003)

CP10.3.2.2/02
Moll and
Bützler (2003

CP10.3.2.2/03
Schmitzer
(2003)
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2.9.4

Summary of effects on non target soil meso- and macrofauna

2.9.4.1

Earthworms

Table 2.9.4.1-1: Summary of earthworm toxicity data on benfluralin and the formulation EF-1533
Timescale
Test species
Test substance
Endpoint
(Test type)
Eisenia foetida

Benfluralin

14 day, acute
toxicity test

LC50 corr: > 500 mg a.s./kg soil dw a

Eisenia foetida

EF-1533

14 day, acute
toxicity test

LC50 corr: 139.5 mg a.s./kg soil dw a

Eisenia foetida

EF-1533

56 day, earthworm
reproduction test

56d-NOECcorr (reproduction):
15.4 mg a.s./kg soil dw a

Reference

CA 8.4.1/01
Lührs, 2002 b
CP 10.4.1.1/01
Mallett and Hayward,
1999 b
CP 10.4.1.1/02
Lührs, 2002 b

TWA21:
1.91 mg a.s./kg (spray)
56d – Field
2.67 mg a.s./kg (spray+incorporation)
CP 10.4.1.2/01
Earthworm
EF-1533
earthworm residue
population
TWA56:
Bakker, 2016
trial
0.95 mg a.s./kg (spray)
1.38 mg a.s./kg (spray+incorporation)
a EPPO correction factor applied as log Pow value > 2; NOEC
corr = corrected NOEC
b Endpoint included in the EFSA Conclusion for Benfluralin, 2008 (EFSA scientific report (2008) 127, 1-82)
Studies shaded in grey are additional studies which were not submitted under the previous EU evaluation
Values in bold have been used for risk assessment

RMS: NO
Co-RMS: NL

- 105 Benfluralin
Volume 1

2.9.4.2

Other soil non-target macro-organisms

Table B.9.4.2-1: Summary of non-target soil meso- and macrofauna (other than earthworms) toxicity data on
benfluralin and the formulation EF-1533
Time scale
Test
Test species
Endpoint
Toxicity value
Reference
substance
(Test type)

Folsomia
candida

Hypoaspis
aculeifer

EF-1533

EF-1533

28 days,
reproduction test

14 days,
reproduction test

Mortality:
LC50
NOEC
Reproduction:
EC50
EC10
NOEC

154 mg a.s./kg soil dw
87.9 mg a.s./kg soil dw

CP 10.4.2.1/01
Klein and
Rosenkranz,
2003

94 mg a.s./kg soil dw
38.3 mg a.s./kg soil dw
11 mg a.s./kg soil dw
5.5 mg a.s./kg soil dw a, b

Mortality:
LC50
LC20
LC10
NOEC
Reproduction:
EC50
NOEC

>1000 mg test item/kg soil dw
>1000 mg test item./kg soil dw
>1000 mg test item./kg soil dw
1000 mg test item./kg soil dw

CP 10.4.2.1/02
Vinall, 2015

>1000 mg test item./kg soil dw
19.1 mg a.s./kg soil dw
9.55 mg a.s./kg soil dw a
a EPPO correction factor of 2 regardless of organic content of the test soil
b Endpoint included in the EFSA Conclusion for Benfluralin, 2008 (EFSA scientific report (2008) 127, 1-82)
Studies shaded in grey are additional studies which were not submitted under the previous EU evaluation
Values in bold have been used for risk assessment

2.9.5

Summary of effects on soil nitrogen transformation

Table 2.9.5-1: Summary of data on the effect of benfluralin on soil nitrogen transformation
Test
Test material
Application rates
Endpoint
Maximum tested rate of
45 L EF-1533/ha
(11 mg a.s./kg soil)
Nitrogen Transformation

EF-1533

Section

4.7 % effect at day
28 at 45 L EF1533/ha (11 mg
a.s./kg d.w.soil)

CP 10.5/01
Hayward,
2003aa

< 25% effect after
28 days
a Endpoint included in the EFSA Conclusion for Benfluralin, 2008 (EFSA scientific report (2008) 127, 1-82)
Table 2.9.5-2: Benfluralin soil metabolites: surrogate effects on nitrogen transformation in soil
Test
Nitrogen
Transformation
a Endpoint

Test material
‘TR-4’
(surrogate for B36)

Application rates
0.2, 1.0 and 2.0 mg/kg soil
dw

included in the DAR for Annex I inclusion (2006)

Endpoint
No significant effect
after 28 days

Section
CA 8.5/01
Hayward, 2003b a
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2.9.6

Summary of effects on terrestrial non-target higher plants

Table 2.9.6-1: Summary of data on the effect of benfluralin on terrestrial non-target plants
Test substance

Study type

Most sensitive
test species / parameter

Endpoint
(ER50)

Reference

Benfluralin

Influence on the
germination of
seeds

N/A

N/A

CA 8.6.2/01
Waldrep, T.W., 1989a

Benfluralin

Seedling emergence
and vegetative
vigor

Cabbage/
shoot height

Benfluralin

Vegetative vigor

Cucumber/
shoot height

Benfluralin

seedling emergence
and vegetative
vigor

Sorghum/
shoot weight

3250 g a.s./ha

CA 8.6.2/04
Schwab, D., 1995

EF-1533

Vegetative vigor

Lolium perenne /
Fresh biomass

1263.51 g a.s./ha

CP 10.6.2/01
Peterek, 2011a

EF-1533

Seedling emergence

Lolium perenne/
Fresh biomass

48 g a.s./ha

CA 10.6.2/02
Peterek, 2011b

The lowest EC25 for
cabbage, based on
shoot height, was 0.79
kg/ha
The lowest EC25 for
cucumber, based on
shoot height, was
0.74 kg/ha

CA 8.6.2/02
Waldrep, T.W., 1989b

CA 8.6.2/03
Waldrep, T.W., 1989c

Studies shaded in grey are additional studies which were not submitted under the previous EU evaluation
Endpoints in bold have been considered in the risk assessment

2.9.7

Summary of effects on other terrestrial organisms (flora and fauna)

No studies investigating effects on other terrestrial organisms have been submitted.

2.9.8

Summary of effects on biological methods for sewage treatment

Table 9.8-1: Summary of the toxicity of benfluralin to activated sludge

a

Test material

Species

Time scale,
study type

Endpoint

Reference

Benfluralin

Activated sludge

3 hrs

14.2% effect at 1000 mg a.s./L

CA 8.8/01
Hertl, 2002 a

Endpoint included in the EFSA Conclusion for Benfluralin, 2008 (EFSA scientific report (2008) 127, 1-82)

No valid study has been submitted. A data gap is identified.
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2.9.9

Summary of product exposure and risk assessment

2.9.9.1

Summary of product exposure and risk assessment for birds

The risk assessment was performed in accordance with the Guidance Document on Risk Assessment for Birds and
Mammals on request from EFSA (EFSA Journal 2009; 7(12): 1438).

Table 2.9.9.1-1: Summary of the endpoints used in the risk assessment for birds
Organism

Test substance

Timescale
(Test type)

Endpoint

Toxicity value

Bobwhite quail
(Colinus
virginianus)

Benfluralin

Single dose
(Acute oral
toxicity)

LD50

> 2000 mg a.s./kg
bw/d

Bobwhite quail
(Colinus
virginianus)

Benfluralin

21 weeks
(reproduction)

NOEL

13.7 6.7 mg a.s./kg
bw/d

Reference
CA 8.1.1.1/01
1985 a
CA 8.1.1.1/02
2014

Avian acute oral, short-term dietary and reproduction studies have been carried out with benfluralin. Short-term
dietary toxicity data are not routinely used for an assessment according to the EFSA Guidance Document on birds
and mammals (2009). However, when the dietary LC50 is lower than the acute gavage LD50, then the dietary
LC50 should be used in the acute risk assessment. For benfluralin, LC50 values determined from avian dietary
toxicity studies are above the LD50 values from the available acute oral toxicity studies, however, both the LC50
and LD50 are ‘higher than’ values (exceed the highest dose tested). Therefore, it cannot be concluded that the
dietary toxicity exceeds the acute oral toxicity. It was not considered necessary to base the acute risk assessment
for birds on the dietary LC50 instead of the acute LD50 and only the acute and reproduction endpoints have been
used in the risk assessment.
Table 2.9.9.1-2: Screening step – estimates of acute exposure and risk to benfluralin following application of EF-1533 on
bare soil
DDD
LD50
Shortcut value
App. rate
Indicator
Crop group
MAF
TERA
(mg a.s./kg
(mg a.s./kg
species
(mg a.s./kg bw) (kg a.s./ha)
bw)
bw)
Bare soil

small
granivorous
bird

24.7

1.44

1

35.6

> 2000

>56.2

The TERA exceeds the Annex VI trigger of 10 at the screening step, indicating an acceptable acute dietary risk
to birds from the proposed uses of EF-1533 in bare soil.
Table 2.9.9.1-3: Screening step – estimates of long-term exposure and risk to benfluralin following application of EF1533 on bare soil
App. rate
NOEL
Shortcut
Long-term
Indicator
Crop group
value
MAF
ftwa
DDD
TERLT
(kg
(mg a.s./kg
species
a.s./ha)
bw/day)
(mg a.s./kg
(mg a.s./kg
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bw/day)
Bare soil

small
granivorous
bird

11.4

bw/day)
1.44

1

0.53

8.7

13.7 6.7

1.57 0.8

Note: TER shown in bold falls below the relevant trigger

For the use in bare soil, the TERLT is below the trigger, indicating the need for further refinement.
Table 2.9.9.1-4: Tier 1 – estimates of long-term exposure and risk to benfluralin following application of EF-1533 in
bare soil
Shortcut
App.
NOEL
DDD
Crop
value
rate
Generic focal
(mg
grouping/
MAF
fTWA
TERLT
(mg a.s./kg
species
(mg a.s./kg
(kg
a.s./kg
growth stage
bw/ day)
bw/day)
a.s./ha)
bw/day)
Bare soil
BBCH <10
Bare soil
BBCH <10
Bare soil
BBCH <10

Small granivorous
bird “finch”

11.4

Small omnivorous
bird “lark”

8.2

Small
insectivorous bird
“wagtail”

5.9

8.7

1.44

1

0.53

6.26

4.5

1.6 0.8

13.7 6.7

2.2 1.1

3.0 1.5

Note: TER shown in bold falls below the relevant trigger

Based on the Tier 1 assessment, the long-term TER values of the different exposure scenarios for benfluralin
following the proposed use of EF-1533 are below the Annex VI trigger value of 5, indicating the need for further
refinement.
Small granivorous bird “finch”
For the long-term risk assessment for small granivorous bird “finch,” the applicant proposed the following
refinements: focal species, energy expenditure (DEE), PD, FIR/bw, dehusking, and PT. The applicant did not
provide sufficient information to support the choice of focal species. The higher tier risk assessment could thus not
be finalised. The RMS accepts the refinement of DEE, FIR/bw, and suggests a 90 th percentile PT. The RMS has
presented a risk assessment with the focal species suggested by the applicant. However, RMS note that not enough
information has been provided by the applicant to support the choice of focal species.
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Table 2.9.9.1-5: Higher tier – estimates of long-term exposure and risk to benfluralin following application of EF-1533
in bare soil
Small granivorous bird “finch”
Linnet (Carduelis cannabina)
Food

Weed seeds

FIR/bw

0.27

residue in food (RUD) [mg/kg]

40.2

Application rate [kg a.s./ha]

1.44

Multiple application factor (MAF)

1

time weighted average factor (TWA)

0.53

de-husking Factor

1

PD

1

PT

0.59

daily dietary dose (DDD) [mg a.s./kg bw/d]

4.777

Compound

DDD
(mg a.s./kg bw/d)

NOEC
(mg a.s./kg
bw/d)

TERLT

Tigger
value

Benfluralin

4.777

13.7

2.9

5

Small omnivorous bird “lark”
For the long-term risk assessment for small omnivorous bird “lark,” the applicant proposed the following
refinements: focal species, FIR/bw, PD, PT, and a refined reproductive endpoint. The applicant did not provide
sufficient information to support the choice of focal species. The higher tier risk assessment could thus not be
finalised. The RMS accepts the refinement of PD, and suggests a 90th percentile PT. The RMS has presented a risk
assessment with the focal species suggested by the applicant. However, RMS note that not enough information has
been provided by the applicant to support the choice of focal species.
Table 2.9.9.1-6: Higher tier – estimates of long-term exposure and risk to benfluralin following application of EF-1533
in bare soil
Small omnivorous bird “lark”
Woodlark (Lullula arborea)
Food
FIR/bw
RUD [mg/kg]
Application rate [kg a.s./ha]
MAF
TWA

Weed seeds
0.35
40.2
1.44
1
0.53
0.5
0.84
4.430

PD
PT
DDD [mg a.s./kg bw/d]
Sum DDD [mg a.s./kg bw/d]
Compound

DDD
(mg a.s./kg bw/d)

Benfluralin

5.256

Arthropods
0.35
7.5
1.44
1
0.53
0.5
0.84
0.826
5.256
NOEC
(mg a.s./kg
bw/d)
13.7

TERLT

Tigger
value

2.61

5
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Small insectivorous bird “wagtail”
For the long-term risk assessment for small insectivorous bird “wagtail,” the applicant proposed the following
refinements: focal species, FIR/bw, and RUD. The applicant did not provide sufficient information to support the
choice of focal species. The higher tier risk assessment could thus not be finalised. The RMS has accepted the
refinements of FIR/bw. The RMS has presented a risk assessment with the focal species suggested by the
applicant. However, RMS note that not enough information has been provided by the applicant to support the
choice of focal species.
Table 2.9.9.1-7: Higher tier – estimates of long-term exposure and risk to benfluralin following application of EF-1533
in bare soil
Small insectivorous bird “wagtail”
Yellow wagtail (Motacilla flava)
Food
FIR/bw
RUD [mg/kg]
Application rate [kg a.s./ha]
MAF
TWA

Ground-dwelling invertebrates
0.79
7.5
1.44
1
0.53
1
4.492

PD
DDD [mg a.s./kg bw/d]
Compound

DDD
(mg a.s./kg bw/d)

NOEC
(mg a.s./kg
bw/d)

TERLT

Tigger
value

Benfluralin

4.492

13.7

3.0

5

Following the refinements accepted by the RMS for the long-term avian risk assessment, a high risk was
identified for all scenarios uing the focal species suggested by the applicant. In addition, RMS note that not
enough information has been provided by the applicant to support the choice of focal species. The risk assessment
can thus not be finilised

Risk for birds through drinking water

Table 2.9.9.1-8: Ratios of effective application rate to endpoints for benfluralin following the use of EF-1533 in bare soil.
Application
Effective
Trigger
rate
application rate
Time scale
MAF
Endpoint
Ratio
value
(g a.s./ha)
(g a.s./ha)
Acute
Long-term

1440

1.00

1440

LD50 > 2000 mg a.s./kg bw
NOEL = 13.7 6.7 mg a.s./kg
bw/d

<0.72
105.1
214.9

3000

RMS: NO
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The ratio of effective application rate to the endpoints for benfluralin is clearly below the trigger value of 3000
indicating that the acute and long-term risk to birds via the consumption of drinking water can be considered
acceptable without further calculations.
Secondary poisoning risk assessment

As the log POW of benfluralin is 5.3, and thus exceeds the trigger of 3, an assessment of the risk from
bioaccumulation has to be performed.

Table 2.9.9.1-9: Estimates of exposure and risk to benfluralin through bioconcentration in earthworms following the
application of EF-1533 in bare soil
PECsoil
NOEL
BCFworm
PECworm
DDD
TER
Trigger
(mg/kg)
(mg a.s./kg bw/day)
11.01 11.15

0.858 1.009

9.53 11.26

10.0
11.82

13.7 6.7

5

1.4 0.6

The above TER is lower than the trigger value of 5 indicating an unacceptable risk to earthworm-eating birds from
the proposed uses of EF-1533. Therefore, A refinement of the risk to earthworm-eating birds is required. A field
study was conducted to determine the magnitude of benfluralin residues in earthworms over time following one
application of EF-1533 to bare soil by overspray, with and without soil incorporation (Bakker, 2016; CP
10.4.2.1/01). The time weighted average residue load of benfluralin in the earthworms for a period of 21 days
(TWA21) after soil incorporation to a depth of 4 to 10 cm was 2.67 mg/kg. During Pesticides Peer Review
meeting 183, the suitability of the time weighted average residue load of benfluralin in the earthworms was
discussed. Overall, the experts were of the opinion that the available study raised too many concerns for being
suitable to be used in the risk assessment. Therefore, it was agreed that the refined RUD value based on this study
should not be used in the risk assessment. Following the risk assessment presented above the TER is below the
trigger value of 5 indicating an unacceptable risk to earthworm-eating mammals from the proposed uses of EF1533.
This value has been used to refine the risk assessment of secondary poisoning to earthworm-eating birds. In
addition, the applicant suggests a refined toxicity endpoint of 14.5 mg a.s./kg bw/d. The RMS does not accept the
refined toxicity endpoint.
Table 2.9.9.1-10: Refined risk to benfluralin through bioconcentration in earthworms following the application of EF1533 in bare soil
NOEL
PECworm
DDD
TER
Trigger
(mg a.s./kg bw/day)
2.67

2.8

13.7

4.9

5

Considering the margin of safety included in the Toxicity Exposure Ratio (TER) and since the endpoint of 4.9 is
so close to 5, the TER of 4.9 is considered to be sufficient to show a low risk to earthworm-eating birds.
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Fish-eating birds
A data gap for BCF in fish is identified and a quantitative risk assessment cannot be performed. Based on the
assumptions using the long-term endpoint for birds of 6.7 mg a.s./kg bw/d and the 21d TWA FOCUS PECsw
value of 0.000279 mg a.s./L (maximum value at Step 3, D3 scenario early application), an acceptable risk can be
concluded for birds if the BCF value is ≤30208. Based on expert judgement it is considered likely that acceptable
risk can be concluded for fish-eating birds as this BCF value is expected to be unrealistically high.
Table 2.9.9.1-11: Estimates of exposure and risk to benfluralin through bioconcentration in fish following the
application of EF-1533 in bare soil
PECwater
PECfish
NOEL
BCFfish
DDD
TER
Trigger
(mg/L)
(mg/L)
(mg a.s./kg bw/day)
0.000201

>2000

0.402

0.064

13.7 6.7

214

5

The TER values for bioconcentration in fish exceed the trigger of 5, indicating that the risk from
bioaccumulation of benfluralin in fish-eating birds is acceptable. Therefore, the risk from secondary poisoning
is acceptable and no further consideration is required.

2.9.9.2

Summary of product exposure and risk assessment for mammals

The risk assessment was performed in accordance with the Guidance Document on Risk Assessment for Birds and
Mammals on request from EFSA (EFSA Journal 2009; 7(12): 1438).
Table 2.9.9.2-1: Summary of the endpoints used in the risk assessment for mammals
Organism

Test substance

Timescale
(Test type)

Endpoint

Toxicity value

Rat

benfluralin

Acute
(oral)

LD50

>5000a mg/kg bw

2-generation
reproductive study

NOAEL

Rat

benfluralin

100 ppm = 5.5
mg/kg bw/day a

Reference
(1996)
Report No. DR0097-3397-006A
(1995)
Report No. 971155

Exposure to the formulation EF-1533 can occur through the consumption of residues on food items and via the
consumption of drinking water.
Table 2.9.9.2-2: Mammalian screening assessment for the proposed use of EF-1533 on bare soils

Crop

Indicator
spp.

Bare soil

Small
granivorous
mammal

Time scale

MAF

TWA

Shortcut
value

DDD
(mg/kg
bw)

Endpoint
(mg/kg
bw/d)

TER

Trigger
value

Acute

1.0

-

14.4

20.7

>5000

>241

10

5.5

1.09

5

Long-term
1.0
0.53
6.6
5.04
MAF: Multiple application factor; TWA: time weighted average; DDD: daily dietary dose
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Value(s) in bold are below the trigger value

The above screening assessment demonstrates an acceptable acute risk to mammals from the proposed use of EF1533 in lettuce and chicory. However, a first tier risk assessment is required with respect to long term exposure.
Table 2.9.9.2-3:

Generic focal species

First tier long-term TER for mammals foraging on bare soils

Scenario

Application
rate
(kg a.s./ha)

MAF

TWA

Shortcut
value

DDD
(mg/kg
bw)

Endpoint
(mg/kg
bw/d)

TER

Trigger
value

Small omnivorous
mammal “mouse”
Combination (ground
BBCH <
invertebrates without
1.44
1.0
0.53
5.7
4.35
5.5
5
1.3
10
interception) 50% weed
seeds, 50% ground
arthropods
MAF: Multiple application factor; TWA: time weighted average; DDD: daily dietary dose, DDD = application rate× shortcut
value×TWA×MAF

Based on the Tier 1 assessment, the long-term TER values of the different exposure scenarios for benfluralin
following the proposed use of EF-1533 are below the Annex VI trigger value of 5, indicating the need for further
refinement.
For the long-term risk assessment for small mammals feeding on bare soil, the applicant proposed the following
refinements: focal species, residues in food items, the proportion of food type in the diet (PD), food intake rate, the
proportion of diet obtained from the treated area (PT), and toxicity endpoint. The applicant did not provide
sufficient information to support the choice of focal species. The higher tier risk assessment could thus not be
finalised. The RMS accepts the refinement of residues in food items, PT (for wood mouse only), and suggests a
slightly different PD.

Table 2.9.9.2-4: Refined TERLT value for small omnivorous mammals foraging on bare soil
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Long-term exposure
Bare soils
BBCH < 10
Small omnivorous mammal ‘ wood mouse’
Apodemus sylvaticus
Food
FIR/bwa
RUD [mg/kg]
Application rate [kg a.s./ha]
MAF
TWA
PD
PT
DDD [mg a.s./kg bw/d]

Large seeds/cereal grain
on ground
0.48
40.2
1.44
1
0.53
0.05
0.4
0.294

Sum DDD [mg a.s./kg bw/d]

Small seeds
(weed seeds)
0.48
40.2
1.44
1
0.53
0.03
0.4
0.176
1.28

Ground-dwelling
arthropods
0.48
7.5
1.44
1
0.53
0.58
0.4
0.636

Soil
invertebrates
0.48
2.67
1*
1
1**
0.34
0.4
0.174

Compound

DDD
(mg a.s./kg bw/d)

NOEC
(mg a.s./kg
bw/d)

TERLT

Tigger
value

Benfluralin

1.28

5.5

4.3

5

* The 21d TWA residues in earthworms (2.67 mg/kg) was obtained following application at 1.44 kg a.s./ha, therefore it is not
necessary to include the application rate in the calculation
** The 21d TWA residues in earthworms was obtained for a period of 21 days, therefore it is not necessary to use the timeweighted average factor of 0.53.
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Table 2.9.9.2-5: Refined TERLT value for small mammals foraging on bare soil
Long-term exposure
Bare soils
BBCH < 10
Small vermivorous mammal “common shrew”
Sorex araneus
Food
FIR/bwa
RUD [mg/kg]
Application rate [kg a.s./ha]
MAF
TWA

Ground-dwelling invertebrates
0.72
7.5
1.44
1
0.53
0.6
1
2.447

PD
PT
DDD [mg a.s./kg bw/d]
Sum DDD [mg a.s./kg bw/d]
Compound

DDD
(mg a.s./kg bw/d)

Benfluralin

3.216

Soil invertebrates
0.72
2.67
1*
1
1**
0.4
1
0.769
3.216
NOEC
(mg a.s./kg
bw/d)
5.5

TERLT

Tigger value

1.71

5

* The 21d TWA residues in earthworms (2.67 mg/kg) was obtained following application at 1.44 kg a.s./ha, therefore it is not
necessary to include the application rate in the calculation
** The 21d TWA residues in earthworms was obtained for a period of 21 days, therefore it is not necessary to use the timeweighted average factor of 0.53.

Following the refinements accepted by the RMS for the long-term mammalian risk assessment, a high risk was
identified for all scenarios uing the focal species suggested by the applicant. In addition, RMS note that not
enough information has been provided by the applicant to support the choice of focal species. The risk assessment
can thus not be finilised

Risk for mammals through drinking water
Table 2.9.9.2-6:
Time scale

Calculation of the ratio AReff / relevant toxicological endpoint for mammals
Application
rate
(g a.s./ha)

Acute
1440
Long-term
MAF: Multiple application factor

MAF

Effective
application rate (g
a.s./ha)

1.00

1440

Endpoint

Ratio

> 5000 mg a.s./kg bw

<0.29

5.5 mg a.s./kg bw/d

261.8

Trigger value

3000

The above ratios are below the trigger value of 3000 indicating an acceptable acute and long-term risk to
mammals via drinking water contaminated from the proposed uses of EF-1533.
Secondary poisoning risk assessment

As the log POW of benfluralin is 5.3, and thus exceeds the trigger of 3, an assessment of the risk from
bioaccumulation has to be performed.
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Table 2.9.9.2-7: Estimates of exposure and risk to benfluralin through bioconcentration in earthworms following the
application of EF-1533 in bare soil
PECsoil
Endpoint
BCFworm
PECworm
DDD
TER
Trigger
(mg/kg)
(mg a.s./kg bw/day)
11.15

0.858 1.009

9.53 11.26

12.2
14.41

5.5

5

0.45 0.4

The above TER is lower than the trigger value of 5 indicating an unacceptable risk to earthworm-eating mammals
from the proposed uses of EF-1533. Therefore, A refinement of the risk to earthworm-eating mammals is
required. A field study was conducted to determine the magnitude of benfluralin residues in earthworms over time
following one application of EF-1533 to bare soil by overspray, with and without soil incorporation (Bakker,
2016; CP 10.4.2.1/01). The time weighted average residue load of benfluralin in the earthworms for a period of
21 days (TWA21) after soil incorporation to a depth of 4 to 10 cm was 2.67 mg/kg. During Pesticides Peer
Review meeting 183, the suitability of the time weighted average residue load of benfluralin in the earthworms
was discussed. Overall, the experts were of the opinion that the available study raised too many concerns for being
suitable to be used in the risk assessment. Therefore, it was agreed that the refined RUD value based on this study
should not be used in the risk assessment. Following the risk assessment presented above the TER is below the
trigger value of 5 indicating an unacceptable risk to earthworm-eating mammals from the proposed uses of EF1533.
This value has been used to refine the risk assessment of secondary poisoning to earthworm-eating mammals. In
addition, the applicant suggests a refined toxicity endpoint of 53 mg a.s./kg bw/d. The RMS does not accept the
refined toxicity endpoint.
Table 2.9.9.2-8: Refined risk to benfluralin through bioconcentration in earthworms following the application of EF1533 in bare soil
Endpoint
PECworm
DDD
TER
Trigger
(mg a.s./kg bw/day)
2.67

3.42

5.5

1.61

5

The TER is still below the trigger value of 5 indicating an unacceptable risk to earthworm-eating mammals from
the proposed uses of EF-1533.

Fish-eating mammals
A data gap for BCF in fish is identified and a quantitative risk assessment cannot be performed. Based on the
assumptions using the long-term endpoint for mammals of 5.5 mg a.s./kg bw/d and the 21d TWA FOCUS PECsw
value of 0.000279 mg a.s./L (maximum value at Step 3, D3 scenario early application), an acceptable risk can be
concluded for mammals if the BCF value is ≤27763. Based on expert judgement it is considered likely that
acceptable risk can be concluded for fish-eating mammals as this BCF value is expected to be unrealistically high.
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Table 2.9.9.2-9: Estimates of exposure and risk to benfluralin through bioconcentration in fish following the application
of EF-1533 in bare soil
PECwater
PECfish
Endpoint
BCFfish
DDD
TER
Trigger
(mg/L)
(mg/L)
(mg a.s./kg bw/day)
0.000201

>2000

0.402

0.057

5.5

96

5

*This value might be revised pending the outcome of the peer review.

The TER values for bioconcentration in fish exceed the trigger of 5, indicating that the risk from bioaccumulation
of benfluralin in fish-eating mammals is acceptable.

2.9.9.3

Summary of product exposure and risk assessment for aquatic organisms

Toxicity endpoints used for the risk assessment of benfluralin are listed in Vol B.9 for the representative
formulation, section 9.4.

Table 2.9.9.3-1. Aquatic organisms - summary of conclusions for the representative uses for the renewal of
benfluralin.
Product: EF-1533
Crop
scenario

Application
Growth stage

Chicory Cichorium endivia (chicon
/ endive production)
Pre-sowing
Industrial Chicory Cichorium
intybus (“coffee”, fructose, insulin
production)

Lettuce

a

Pre-sowing or
pre-planting

Number x
application rate g
a.s./ha

1x1440

1x1440

Conclusiona
Scenarios D3 and D6: Acceptable risk with 20
m no-spray buffer zone + 90 % nozzle
reduction.
Scenarios R1, R2, R3 and R4: Acceptable risk
with 20 m vegetative filter strip + 90 % nozzle
reduction.
No acceptable risk can be identified with
mitigation options corresponding to ≤ 95 %
drift reduction.
Scenario D3: Acceptable risk with 20 m nospray buffer zone + 75 % nozzle reduction.
Scenarios R1 and R4: Acceptable risk with 20
m vegetative filter strip + 75 % nozzle
reduction.
Scenario D4: Acceptable risk with 20 m nospray buffer zone + 90 % nozzle reduction.
Scenarios R2 and R3: Acceptable risk with 20
m vegetative filter strip + 90 % nozzle
reduction.
Scenario D6: No acceptable risk.
No acceptable risk can be identified with
mitigation options corresponding to ≤ 95 %
drift reduction.

It should be noted that a data gap for a second macrophyte species and a second algae species has been identified.

During the peer review it was commented that the combination of risk reducing measures in some of the scenarios
were likely to exceed the practically maximum possible exposure reduction according to EFSA guidance. In the
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EFSA Aquatic Guidance Document (2013) it is stated that it is not likely that more than 95 % of the Step 3
concentrations can be reduced by drift reducing measures. In the aquatic risk assessment, more than 95 %
reduction of PECSW concentrations is necessary in all scenarios at Step 3 in order to get acceptable risk with the
current RAC of 0.13 μg a.s./L 0.19 μg a.s./L derived from a chronic fish study (CA 8.2.2.1/01,

1990).

However, for the R scenarios the contribution of drift mitigation measures to the total reduction in exposure
concentration is not clear since also run-off reduction (10 or 20 m VFS) is included in the mitigation measures
(see see Vol 3.B.8 (CP), Environmental fate and behavior). See a complete presentation of the risk assessment and
the PEC/RAC values in Volume 3CP B.9.4. Which of the chronic endpoints for fish are relevant for the risk
assessment will be a subject for expert consultation.

Risk assessment for metabolites
Toxicity data with the photoproduct 358R exist for fish, invertebrates and algae. Toxicity endpoints for aquatic
macrophytes, in addition to chronic data for fish and invertebrates, and all toxicity data for the photoproducts
371R, 372R and 379R, have been obtained with the highly conservative assumption that the metabolites are 10
times more toxic than the active substance. This approach was preferred, as it could not clearly be demonstrated
that the toxophore is lost from these metabolites and limited toxicity data has been derived. From the risk
assessment, it was clear that the risk from the metabolites 358R, 379R and B36 is covered by the active substance
risk assessment, while more information is needed to precisely address the risk from the photoproducts 371R and
372R.

2.9.9.4

Summary of product exposure and risk assessment for arthropods

2.9.9.4.1 Summary of product exposure and risk assessment for bees
The risk assessment included in Volume 3 (PPP) sections B.9.6.1 indicated an acceptable risk to bees. The risk
assessment was conducted according to EFSA’s Bee Guidance Document.

Table 2.9.9.4.1-1. Summary of toxicity endpoints used in the risk assessment.
Endpoint
Test species
Test system
Test substance
48h acute oral
toxicity test
Honeybee

48h acute contact
toxicity test

Apis mellifera

48h acute oral
toxicity test
48h acute contact
toxicity test

LD50 (oral)
Benfluralin

LD50 (contact)
LD50 (oral)

EF-1533

LD50 (contact)

Results
>110.7 µg a.s/bee
>100 µg a.s/bee
>31.25 µg a.s./bee
>100 µg a.s./bee

Reference
CA 8.3.1.1/01
Schmitzer (2002)
CA 8.3.1.1/02
Schmitzer (2002)
CP 10.3.1.1/01
Halsall (2000)
CP 10.3.1.1/02
Halsall (2000)

A risk assessment for the acute risk to adult honeybees was performed following the EFSA Guidance Document
for bees (2013). This Guidance Document is not yet noted by the Standing Committee on Plants, Animals, Food
and Feed. Nevertheless, by performing this assessment, all available data on bees was taken into account in the
risk assessment.
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Table 2.9.94.1-2. Screening assessment for contact route of exposure for bees for the proposed uses of EF-1533
Application
Exposure
Test
Endpoint
Acceptable
Test group
rate
HQcontact
Trigger value
scenario
substance
(µg a.s./bee)
risk?
(g a.s./ha)

Honey bee
(adults)

Benfluralin

1440

LD50 >100

<14.4

EF-1533

1440

LD50 >100

<14.4

42
(downward
spray)
42
(downward
spray)

Acute
contact

Yes

Yes

Table 2.9.9.4.1-3. Screening assessment for oral route of exposure for honeybees for the proposed uses of EF-1533
Test group

Honey bee
(adults)

Exposure
scenario

Test
substance

Appl. rate
(kg
a.s./ha)

Short-cut
value

Endpoint
(µg a.s./bee)

ETRoral

Trigger
value

Acceptable
risk?

Benfluralin

1.44

7.6
(downward
spray)

LD50 >110.7

<0.1

ETR>0.2

Yes

EF-1533

1.44

7.6
(downward
spray)

LD50 >31.25

<0.35

ETR>0.2

No

Acute oral

The ETRoral for the formulated product EF-1533 is above the trigger value, indicating the need for further
refinement.
Tier I assessment for oral route of exposure – foraging on the treated crop:
Table 2.9.9.4.1-4. First tier assessment for oral route of exposure – foraging on the treated crop
Test group

Exposure
scenario

Appl. rate
(kg a.s./ha)

Honeybee
Acute oral
1.44
(adults)
Ef:
exposure factor
twa:
time weighted average

Ef

Shortcut
value

twa

Endpoint

ETR oral

Trigger

Acceptable
risk?

1.0

0.7

1

>31.25
µg/bee

<0.03

>0.2

Yes

Tier I assessment for oral route of exposure – foraging on weeds in the treated field:
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Table 2.9.9.4.1-5. First tier assessment for oral route of exposure – foraging on weeds in the treated field
Test group

Exposure
scenario

Appl. rate
(kg a.s./ha)

Ef

Shortcut
value*

twa

Endpoint

Honeybee
>31.25
Acute oral
1.44
1.0
0.35
1
(adults)
µg/bee
Ef:
exposure factor.
twa:
time weighted average
*A shortcut value of 0.35 assumes application before emergence of weeds!

ETR oral

Trigger

Acceptable
risk?

<0.02

>0.2

Yes

Tier I assessment for oral route of exposure – foraging in the field margin:
Table 2.9.9.4.1-6. First tier assessment for oral route of exposure – foraging in the field margin
Test group

Exposure
scenario

Ef

Shortcut
value

twa

Endpoint

ETR oral

Trigger

Acceptable
risk?

0.0092

3.7

1

>31.25
µg/bee

<0.002

>0.2

Yes

Appl. rate
(kg a.s./ha)

Honeybee
Acute oral
1.44
(adults)
Ef:
exposure factor
twa:
time weighted average

Tier I assessment for oral route of exposure – foraging on the adjacent crop:
Table 2.9.9.4.1-7. First tier assessment for oral route of exposure – foraging on the adjacent crop
Test group

Exposure
scenario

Ef

Shortcut
value

twa

Endpoint

ETR oral

Trigger

Acceptable
risk?

0.0033

7.6

1

>31.25
µg/bee

<0.001

>0.2

Yes

Appl. rate
(kg a.s./ha)

Honeybee
Acute oral
1.44
(adults)
Ef:
exposure factor
twa:
time weighted average

Tier I assessment for oral route of exposure – foraging the following year on a permanent crop or on a succeeding
crop for annual crops:
Table 2.9.9.4.1-8. First tier assessment for oral route of exposure - foraging the following year on a permanent crop or
on a succeeding crop for annual crops
Test group

Exposure
scenario

Appl. rate
(kg a.s./ha)

Honeybee
Acute oral
1.44
(adults)
Ef:
exposure factor
twa:
time weighted average

Ef

Shortcut
value

twa

Endpoint

ETR oral

Trigger

Acceptable
risk?

1

0.7

1

>31.25
µg/bee

<0.03

>0.2

Yes

All of the above ETR values are below the trigger value demonstrating an acceptable acute oral risk to adult
honeybee from the proposed use of EF-1533.
Drinking water assessment for honey bees
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Table 2.9.9.4.1-9. Benfluralin drinking water assessment for honey bees
Exposure
scenario

Surface
water

Puddle

PEC
(µg/µL)

0.00000932b

0.00000844c

Wa
(µL/bee)

Timescale
(life stage)

11.4

Acute
(adult)

11.4

Acute
(adult)

Test
substance
Benfluralin

Toxicity
endpoint
(µg a.s./bee)
LD50 oral
>110.7

ETRoral

Trigger
value

Acceptable
risk?

9.6x10-7

>0.2

Yes

>0.2

Yes

>0.2

Yes

>0.2

Yes

EF-1533

LD50 oral
>31.25

3.4x10-6

Benfluralin

LD50 oral
>110.7

<8.7x10-

EF-1533

LD50 oral
>31.25

<3.1x10-

7

6

a

W = daily water consumption
PECsw = overall max FOCUS Step 3 value following a single application in leafy vegetable
c PECpuddle = max FOCUS Step 3 value derived from R3 stream scenario in run-off water
b

The risk to honey bees via contaminated water (surface water and puddles) is demonstrated to be acceptable with
ETRacute values below the respective trigger value.

Overall, based on the absence of toxicity observed in the existing honey bee studies, the non-systemic properties
of benfluralin, and the foreseen minimal exposure to honeybees from the proposed use of EF-1533 sprayed onto
bare soil followed by incorporation in soil, the risk to bees is considered to be acceptable.

During peer review, a data requirement was set for chronic and larvae toxicity studies on bees. No studies were
submitted, and the applicant argue that no studies are needed. RMS note that the data requirements have not been
fulfilled.

2.9.9.4.2 Summary of product exposure and risk assessment for arthropods other than bees
The risk assessment included in Volume 3 (PPP) sections B.9.6.2 indicated an acceptable risk to non-target
arthropods. The risk assessment was conducted according to ESCORT 2 (Candolfi et al., 2001).

Table 2.9.9.4.2-1: Summary of toxicity endpoints of benfluralin used in risk assessment
Organism

Endpoint

Toxicity value

Aphidius rhopalosiphi

LR50

<83.6 g a.s./ha

Typhlodromus pyri

LR50

> 1673 g a.s./ha

Poecilus cupreus

LR50

> 1673 g a.s./ha

Chrysoperla carnea

LR50

> 1673 g a.s./ha

In addition to the standard laboratory test, a number of higher tier studies was performed. These included extended
laboratory tests on Typhlodromus pyri, Aphidius rhopalosiphi and Aleochara bilineata. The results of these higher
tier studies are summarized in Table 2.9.9.4.2-2.
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Table 2.9.9.4.2-2: Summary of toxicity of benfluralin to non-target terrestrial arthropods in higher tier tests
Species

Typhlodromus
pyri
(protonymphs)

Aphidius
rhopalosiphi
(adults)

Aleochara
bilineata
(adults)

Test substance

Test substrate (dose)

EF-1533

Bean leaves
(2D test-system)
(165, 824, 1647, 2654 and
3294 g a.s./ha)

EF-1533

EF-1533

Barley seedlings (3D testsystem)
(366, 518, 732, 1035 and
1464 g a.s./ha)
Natural sandy soil (3D
test-system) Limit test
(1647 g a.s./ha)

Endpoint
Corrected
mortality

Effect
10.5% at 3294 g a.s./ha
(LR50 >3294 g a.s./ha)
-47.5% at 3294 g a.s./ha

Reproduction
Corrected
mortality

3.3% at 366 g a.s./ha
(LR50: 473 g a.s./ha)
-34% at 518 g a.s./ha

Reproduction
Corrected
mortality
Reproduction

- 3.99 %
-5.4%

Reference

CP 10.3.2.2/01
Schwiening and
Goβmann (2003)

CP 10.3.2.2/02
Moll and Bützler
(2003)

CP 10.3.2.2/03
Schmitzer (2003)

Table 2.9.9.4.2-3: The risk to non-target terrestrial arthropods based on laboratory studies (Tier I) from exposure to
the formulation EF-1533
Max
In-field
Off-field
application
LR50
Trigger
Test species
PER
PER
rate (g
(g a.s./ha)
value
HQ
HQ
(g a.s./ha)
(g a.s./ha)
a.s./ha)
Aphidius rhopalosiphi
1440
<83.6*
17.22*
0.48*
Typhlodromus pyri
1440
> 1673
<0.86
<0.02
1440
3.98
2
Poecilus cupreus
1440
> 1673
<0.86
<0.02
Chrysoperla carnea
1440
> 1673
<0.86
<0.02
* The test design in the glass-plate laboratory study with the standard indicator species A. rhopalosiphi did not allow the
determination of a reliable LR50 value

Based on the Tier I data, the in-field and off-field HQ values for T. pyri are below the trigger of 2, indicating
acceptable risk. The risk of the formulation EF-1533 is also acceptable for both Poecilus cupreus and Aleochara
bilineata up to the maximum application rate. The in-field risk to soil-dwelling arthropods is thus acceptable for
the intended uses in lettuce and chicory. The test design in the glass-plate laboratory study with A. rhopalosiphi
did not allow the determination of a reliable LR50 value (100% mortality at 83.6 g a.s./ha). Toxicity observed in
the subsequent extended laboratory test with adult A. rhopalosiphi, was much reduced, with an LR50 of 473 g
a.s./ha. The effects seen in the extended laboratory test occur at rates less than the in-field exposure level of 1440
g a.s./ha, indicating that there is a potential in-field risk. However, the applicant argues that leaf dwelling
organisms are not expected to occur in the field in the absence of vegetation since the application of benfluralin is
pre-sowing or pre-planting.

Table 2.9.9.4.2-4: Higher tier estimated exposure levels from the proposed uses of EF-1533
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Rate of
use

Crop

In-field
exposure

MAF

Drift factor
(%drift/100)

Veg.
distribution
factor

Correction
factor

Off-field
exposure

5

19.9 g a.s./ha

5

199 g a.s./ha

For use with data from a 2D test-system
1440 g
a.s./ha

Field crop

1

1440 g a.s./ha

0.0277
at 1m

10

For use with data from a 3D test-system
1440 g
a.s./ha

Field crop

1

1440 g a.s./ha

0.0277
at 1m

N/A

MAF: multiple application factor
N/A: not applicable

If the estimated off-field exposure level calculated (199 g a.s./ha for a 3-dimentional system) is compared to the
results of the extended lab study on A. rhopalosiphi. (LR50 of 473 g a.s./ha), it may be foreseen that the amount of
product reaching off-crop habitats is too low to cause significant adverse effects on leaf dwelling non-target
arthropods.

2.9.9.5

Summary of product exposure and risk assessment for non-target soil meso- and macrofauna

Earthworms
The risk assessment included in Volume 3 (PPP) section B.9.8.1 indicated an acceptable risk to earthworms from
the formulation and the active substance. The risk assessment was conducted according to the Guidance Document
on Terrestrial Ecotoxicology (SANCO/10329/2002).

Table 2.9.9.5-1: Chronic risk (TERLT) to earthworms for benfluralin and EF-1533, based on max PECSOIL values, for
the proposed use of EF-1533 on bare soil
PECaccumulation
Endpoint
Species
Test substance
TERLT
Trigger value
(mg a.s./kg soil dw)
(mg a.s./kg soil dw)
Earthworms

EF-1533

15.4

1.009

15.3

5

As the TER value is above the trigger of 5 (for chronic risk), the chronic risk to earthworms is acceptable.

Other soil non-target macro-organisms
The risk assessment included in Volume 3 (PPP) section B.9.8.2 indicated an acceptable risk to other soil mesoand macrofauna. The risk assessment was conducted according to the Guidance Document on Terrestrial
Ecotoxicology (SANCO/10329/2002).
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Table 2.9.9.5-2: Chronic risk (TERLT) to non-target soil macro-organisms for for benfluralin and EF-1533, based on
max PECSOIL values, for the proposed use of EF-1533 on bare soil
PECaccumulation
Endpoint
Species
Test substance
TERLT
Trigger value
(mg a.s./kg soil dw)
(mg a.s./kg soil dw)
Folsomia candida
Hypoaspis
aculeifer

EF-1533

5.5

1.009

5.45

5

EF-1533

9.55

1.009

9.46

5

As all TER values are above the relevant trigger (5 for chronic risk), the chronic risk to non-target soil macroorganisms other than earthworms is acceptable.

2.9.9.6

Summary of product exposure and risk assessment for soil nitrogen transformation

The risk assessment included in Volume 3 (PPP) section B.9.10 indicated an acceptable risk to soil nitrogen
transformation processes from the formulation EF-1533. The risk assessment was conducted according to the
Guidance Document on Terrestrial Ecotoxicology (SANCO/10329/2002).

Table 2.9.9.6-1: Summary of the soil nitrogen transformation endpoints for the formulation EF-1533 and risk
assessment based on max PECSOIL values, for the intended uses in bare soil.
Test rate
% effect on soil nitrogen
PECSOIL
Test substance
(mg a.s./kg soil
transformation rate at 28 days
Acceptable risk
(mg/kg soil d.w.)
d.w.)
after treatment
EF-1533

2.9.9.7

11

4.7

1.009

yes

Summary of product exposure and risk assessment for terrestrial non-target higher plants

The risk assessment included in Volume 3 (PPP) section B.9.12 indicated an acceptable risk to non-target plants.
The risk assessment was conducted according to the Guidance Document on Terrestrial Ecotoxicology
(SANCO/10329/2002).
Table 2.9.9.7-1:

Toxicity exposure ratios for the risk to terrestrial plants from the proposed use of EF-1533

Study type

ER50
(g a.s./ha)

Distance (m)

Drift rate (%)

PER
(g a.s./ha)

TER

Trigger

Vegetative
vigour

1263.51

1

2.77

39.9

31.7

5

Seedling
emergence

48

1

2.77

39.9

1.2

5

0.57

8.21

5.8

Value(s) in bold are below the trigger value

Using a 5 m buffer zone, the TER value exceeds the trigger of 5, indicating an acceptable risk.

5
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2.9.9.8

Summary of product exposure and risk assessment for other terrestrial organisms (flora and
fauna)

No additional data on other terrestrial organisms relevant for risk assessment was available.
2.9.9.9

Summary of product exposure and risk assessment for biological methods for sewage treatment

A study exposing activated sludge to the active substance is available, which was previously reviewed and
considered acceptable during the initial EU evaluation of benfluralin. The available data for activated sludge is
summarised in the table below.
Table 2.9.9.9-1: Summary of the toxicity of benfluralin to activated sludge
Test material

Species

Time scale,
study type

Endpoint

Reference

Benfluralin
technical

Activated sludge

3 hrs

14.2% effect at 1000 mg a.s./L
(3h EC50 >1000 mg as/L)

CA 8.8/01
Hertl, 2002

This study was performed according to an earlier version of OECD Test Guideline 209 (prior to the update of
2010). The RMS has reevaluated the study against the validity criteria of the most recent version of OECD Test
Guideline 209 and has concluded that it does not meet all of the validity criteria.

As no valid study is available, a risk assessment for biological methods sewage treatment cannot be performed.
However, during Pesticides Peer Review meeting 183, most experts agreed that a high risk is very unlikely,
considering that no effects above 50% were seen in the invalid study, carried out with an unrealistically high
concentration (1000 mg a.s./L) as the exposure is very likely to be negligible for the representative uses of
benfluralin (all field uses).

The EC50 for benfluralin produced in the activated sewage sludge test was >1000 mg a.s./L. This EC50 is much
greater than the FOCUS Step 3 maximum PECsw (0.009132 mg a.s./L). As dilution prior to reaching sewage
treatment works would also be expected to reduce the risk further, the risk to sewage treatment facilities is
considered limited.

2.10

Classification and labelling

Table 2.10-1. Proposed classification of benfluralin according to CLP Regulation (EC) No 1272/2008 on the
classification, labelling and packaging of substances and mixtures..
CLP
Hazard class
Proposed
Proposed SCLs
Current
Reason for no
Annex 1
classification
and/or Mclassification1)
classification2)
ref
factors
Explosives
No classification
2.1
Flammable gases
No classification
2.2
Flammable aerosols
No classification
2.3
Oxidising gases
No classification
2.4
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CLP
Annex 1
ref
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

2.13
2.14
2.15
2.16
3.1

3.2
3.3
3.4

3.4
3.5
3.6
3.7
3.8
3.9
3.10

Hazard class

Proposed
classification

Gases under pressure
Flammable liquids
Flammable solids
Self-reactive substances and
mixtures
Pyrophoric liquids
Pyrophoric solids
Self-heating substances and
mixtures
Substances and mixtures which
in contact with water emit
flammable gases
Oxidising liquids
Oxidising solids
Organic peroxides
Substance and mixtures
corrosive to metals
Acute toxicity - oral

No classification
No classification
No classification
No classification

Acute toxicity - dermal

No classification

Acute toxicity - inhalation

No classification

Skin corrosion / irritation
Serious eye damage / eye
irritation
Respiratory sensitisation

H315
H319

Skin sensitisation
Germ cell mutagenicity
Carcinogenicity
Reproductive toxicity
Specific target organ toxicity –
single exposure
Specific target organ toxicity –
repeated exposure
Aspiration hazard

Proposed SCLs
and/or Mfactors

Reason for no
classification2)

No classification
No classification
No classification
No classification

No classification
No classification
No classification
No classification
No classification

No classification

H317
No classification
H351
No classification
H371 STOT-SE
category 2

No classification

Hazardous to the aquatic
Acute 1, H400
M = 10
environment
Chronic 1, H410 M = 10
Hazardous to the ozone layer
5.1
1) Including specific concentration limits (SCLs) and M-factors
2) Data lacking, inconclusive, or conclusive but not sufficient for classification
4.1

Labelling:

Current
classification1)

Signal word:
Warning
Hazard statements:
H315 Causes skin irritation
H317 May cause an allergic skin reaction
H319 Causes serious eye irritation
H351 Suspected of causing cancer
H371 May cause damage to organs

conclusive but not
sufficient for
classification
conclusive but not
sufficient for
classification
conclusive but not
sufficient for
classification

conclusive but not
sufficient for
classification
inconclusive
data lacking

conclusive but not
sufficient for
classification
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H410: Very toxic to aquatic life with long lasting effects

Pictograms:

Precautionary statements:
P261 Avoid breathing dust/fume/gas/mist/ vapours/spray.
P302 + P352 IF ON SKIN: Wash with plenty of soap and
water.
P280 Wear protective gloves/protective clothing/eye protection/face protection.
P305 + P351 + P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove
contact lenses, if present and easy to do. Continue rinsing.
P201 Obtain special instructions before use.
P308 + P313 IF exposed or concerned: Get medical advice/attention.
GHS07, GHS08, GHS09

2.11

Relevance of metabolites in groundwater

2.11.1

STEP 1: Exclusion of degradation products of no concern

2.11.2

STEP 2: Quantification of potential groundwater contamination

2.11.3

STEP 3: Hazard assessment – identification of relevant metabolites

2.11.3.1 STEP 3, Stage 1: screening for biological activity

2.11.3.2 STEP 3, Stage 2: screening for genotoxicity

2.11.3.3 STEP 3, Stage 3: screening for toxicity

2.11.4

STEP 4: Exposure assessment – threshold of concern approach
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2.11.5

STEP 5: Refined risk assessment

2.11.6

Overall conclusion

2.12

Consideration of isomeric composition in the risk assessment

Benfluralin is not an isomeric compound. Further consideration of the isomeric composition in the risk assessment
is therefore not required.

2.12.1

Identity and physical chemical properties

Not applicable, see Section 2.12 above.
2.12.2

Methods of analysis

Not applicable, see Section 2.12 above.
2.12.3

Mammalian toxicity

Not applicable, see Section 2.12 above.
2.12.4

Operator, Worker, Bystander and Resident exposure

Not applicable, see Section 2.12 above.
2.12.5

Residues and Consumer risk assessment

Not applicable, see Section 2.12 above.
2.12.6

Environmental fate

Not applicable, see Section 2.12 above.
2.12.7

Ecotoxciology

Not applicable, see Section 2.12 above.
2.13

Residue definition

2.13.1

Definition of residues for exposure/risk assessment

Food of plant origin: benfluralin
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Food of animal origin: benfluralin (provisionally proposed)

Soil:

benfluralin
B12? (expert consultation suggested by RMS)

Groundwater:

benfluralin
B12? (expert consultation suggested by RMS)

Surface water: benfluralin
des-alkyl benfluralin diamine
propyl benzimidazole
methyl benzimidazole
ethyl propyl benzimidazole
benfluralin diamine

Sediment:

benfluralin
benfluralin diamine

Air:

benfluralin

2.13.2

Definition of residues for monitoring

Food of plant origin: benfluralin
Food of animal origin: benfluralin (provisionally proposed)
Soil: benfluralin
Groundwater: benfluralin,
Surface water: benfluralin, Propyl benzimidazole (371R)1, Methyl benzimidazole N-oxide (372R)1
Sediment: benfluralin
Air: benfluralin
1)

2.14

Risk is not considered addressed in the ecotoxicological risk assessment, thus considered 10x more toxic than benfluralin.
Analytical methods for monitoring is not submitted. Metabolites are considered relevant when, based on the risk assessment, they
pose a risk comparable or higher than the parent.

Effect of water treatment processes on the nature of residues present in surface water
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Level 3
Level 3 has been removed from this version of Vol 1, as recommended in Guidance document
SANCO/10180/2013– rev. 1, March 2013.
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B.1

Identity

B.1.1

Identity of the active substance

B.1.1.1

Common name proposed or ISO-accepted and synonyms

B.1.1.2

B.1.1.3

ISO-accepted:

benfluralin (ISO 1750 published)

Synonyms:

benefin, balan, binnell, benephin, flubalex, benthrodine, benefex

Chemical name (IUPAC and CA nomenclature)
IUPAC nomenclature:

N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-p-toluidine

CA nomenclature:

N-butyl-N-ethyl-2,6-dinitro-4-(trifluoromethyl)-benzenamine

Producer's development code numbers
Code No :

B.1.1.4

B.1.1.5

EL-110, LY 54521

CAS, EC and CIPAC numbers
CAS No:

1861-40-1

EC No:

217-465-2

ELINCS No:

Not applicable

CIPAC No:

285

Molecular and structural formulae, molecular mass
Molecular formula:

C13H16F3N3O4

Molecular mass:

335.3 g/mol

Structural formula:
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B.1.1.6

Method of manufacture (synthesis pathway) of the active substance
Confidential information, see Annex C, Vol. 4.

B.1.1.7

Specification of purity of the active substance in g/kg
Min. 960 g/kg (industrial scale production)
No FAO specification exists for Benfluralin.

B.1.1.8

Identity and content of additives (such as stabilisers) and impurities
Confidential information, see Annex C, Vol. 4.

B.1.1.8.1 Additives
Confidential information, see Annex C, Vol. 4.

B.1.1.8.2 Relevant impurities
Ethyl-butyl-nitrosamine (EBNA)
Max.: 0.1 mg/kg.

B.1.1.8.3 Significant impurities
Confidential information, see Annex C, Vol. 4.

B.1.1.9

Analytical profile of batches
Confidential information, see Annex C, Vol. 4.
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B.1.2 References relied on
Literature search:
The literature search carried out by the applicant was summarised in the litterature review report in Document KCA section 9 and the relevant publications identified through
the literature search are summarised in Document MCA section 9. The RMS considers the literature search provided as acceptable.
Databases: STN, a scientific information platform hosted by CAS, itself a division of the American Chemical Society, was selected as a provider. A broad collection of 16
relevant databases were used for the literature search through STN. Dialog is one of the leading worldwide providers of online-based information in science. A broad
collection of 24 relevant databases were used for the literature search through dialog.
Time window: August 2006 – May 2016.
Input parameters: ISO common name of active substance, active substance synonyms, product names, active substance development codes, product development code,
impurities noted in the last EU review, IUPAC name, Chemical name, CIPAC, CAS number, EEC number and metabolites plus synonyms.
Results: A total of 195 publications were found. 188 summary records were excluded after a rapid assessment of relevance, and 7 full-text documents were assessed in detail.
Of these 7 publications 3 were excluded after detailed assessment for relevance. A reference list containing the 4 relevant and reliable publications identified by the literature
search were included in Document MCA section 9.
Of the 4 relevant publications, 3 of the publications are relevant to the environmental fate part of the data package, and 1 is relevant to the ecotoxicology part of the data
package.
Only studies used for setting out minimum purity are referred in this section.

Data point

CA 1.11/01

Author(s)

Ticco, S.P.

Year

2016a

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Benfluralin Technical: Complete Analysis of Six Batch
Samples, ChemService S.r.l, Italy,
Report No.: CH-170/2016
GLP, not published

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

N

Y

Justification if data
protection is
claimed

Owner

New study for
renewal dossier

Gowan Crop
Protection

Renewal Assessment Report
under Regulation (EC) 1107/2009

Benfluralin
Formulation: Bonalan (EF-1533)
Volume 3
Annex B.5
Methods of analysis

Rapporteur Member State: Norway
Co-Rapporteur Member State: The Netherlands

August 2017

RMS: NO
Co-RMS: NL

Benfluralin
Renewal Assessment Report

Volume 1
Level 1: Statement of subject matter and purpose for which this report has been prepared and
background information on the application
Level 2: Summary of active substance hazard and of product risk assessment
Level 3: Proposed decision with respect to the application
Appendix 1: Guidance documents used in this assessment
Appendix 2: Reference list
Volume 2
Annex A: List of the tests, studies and information submitted
Volume 3
Annex B (Active Substance): Summary, evaluation and assessment of the data and information
Annex B.1 (AS): Identity
Annex B.2 (AS): Physical and chemical properties of the active substance
Annex B.3 (AS): Data on application
Annex B.4 (AS): Further information
Annex B.5 (AS): Methods of analysis
Annex B.6 (AS): Toxicology and metabolism data
Annex B.7 (AS): Residue data
Annex B.8 (AS): Environmental fate and behaviour
Annex B.9 (AS): Ecotoxicology data
Volume 3
Annex B (Plant Protection Product): Summary, evaluation and assessment of the data and information
Annex B.1 (PPP): Identity
Annex B.2 (PPP): Physical and chemical properties of the plant protection product
Annex B.3 (PPP): Data on application and efficacy
Annex B.4 (PPP): Further information
Annex B.5 (PPP): Methods of analysis
Annex B.6 (PPP): Toxicology and metabolism data and assessment of risks to humans
Annex B.7 (PPP): Residue data
Annex B.8 (PPP): Environmental fate and behaviour and environmental exposure assessment
Annex B.9 (PPP): Ecotoxicology data and assessment of risks for non-target species
Volume 4
Annex C: Confidential information and, where relevant, details of any task force formed for the
purpose of generating tests and studies submitted
List of Endpoints

RMS: NO
Co-RMS: NL

-iBenfluralin
Annex B.5 (PPP): Methods of analysis

Versions of RAR, Vol 3-Annex B.5 (PPP) Bonalan (EF-1533)

Date
August, 2017

Reason for revision
First version submitted to EFSA

RMS: NO
Co-RMS: NL

- ii Benfluralin
Annex B.5 (PPP): Methods of analysis

Table of contents
B.5
B.5.1
B.5.1.1
B.5.1.1.1
B.5.1.1.2
B.5.1.2
B.5.1.2.1
B.5.1.2.2
B.5.1.2.3
B.5.1.2.4
B.5.1.2.5
B.5.1.2.6
B.5.1.2.1
B.5.2
B.5.3

Methods of analysis ............................................................................................................................. 1
Methods used for the generation of pre-authorisation data.................................................................. 2
Analysis of the plant protection product .............................................................................................. 2
Determination of the active substance ................................................................................................. 2
Determination of relevant impurities ................................................................................................... 4
Methods for the determination of residues .......................................................................................... 5
Methods in soil, water, sediment, air and any additional matrices used in support of environmental
fate studies ........................................................................................................................................... 5
Methods in soil, water and any additional matrices used in support of efficacy studies ..................... 5
Methods in feed, body fluids and tissues, air and any additional matrices used in support of
toxicological studies ............................................................................................................................ 5
Methods in body fluids, air, and any additional matrices used in support of operator, worker,
resident and bystander exposure studies .............................................................................................. 5
Methods in or on plants, plant products, processed food commodities, food of plant and animal
origin, feed and any additional matrices used in support of residues studies ...................................... 5
Methods in soil, water, sediment, feed and any additional matrices used in support of ecotoxicology
studies .................................................................................................................................................. 5
Methods in water, buffer solutions, organic solvents and any additional matrices resulting from the
physical and chemical properties tests ................................................................................................. 8
Methods for post-authorisation control and monitoring purposes ....................................................... 8
References relied on ............................................................................................................................ 9

RMS: NO
Co-RMS: NL

-1Benfluralin
Annex B.5 (PPP): Methods of analysis

B.5 Methods of analysis
This document presents analytical methods related to the representative formulation Bonalan (EF-1533) for the
AIR IV active substance benfluralin under Regulation (EC) 1107/2009. The document presents methods which
was evaluated in the Draft Assessment Report (DAR) including new methods which is submitted on the purpose
of renewal.
The evaluation of the original RMS (Belgium) was set out in the DAR of June 2006 and its addendum of August
2011 (updated November 2011). The critical end points in the DAR, for use in risk assessments, were published in
the EFSA Conclusion regarding the peer review of the pesticide risk assessment of the active substance benfluralin
(EFSA Scientific Report (2008) 127, 1-82). Following endpoints have been sufficiently addressed:


Determination of relevant impurity EBNA in formulation (presented in RAR 22, Vol. 4).

The following endpoints are to be considered after the renewal assessment:


Only a few analytical methods were submitted to support risk assessment studies. Address if the submitted studies are sufficient according to the data requirements.

Studies that were originally submitted the following statement will precede each summary:
Previous evaluation:
In DAR for Annex I inclusion (2006)
For studies that have not been previously reviewed, the following statement will precede each summary:
Previous evaluation:
Submitted for the purpose of renewal
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B.5.1 Methods used for the generation of pre-authorisation data
B.5.1.1 Analysis of the plant protection product
B.5.1.1.1 Determination of the active substance
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Garofani, S. (2002)
Validation of the analytical method for determining the a.i. content of benfluralin 180 g/L EC (EF-1533)
ChemService S.r.l. Testing Laboratory, Italy, Report No.
CH-45/2002
SANCO/3030/99 rev. 4
GLP-compliance stated
CP 5.1.1/01

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion
The method is suitable.
RMS conclusion:
Method is still suitable, however some
weaknesses in the report.

Materials and methods
Principle of the
method

Method / Detector
Column
Specificity

Linearity

Quantification /
Confirmation
Precision/Accuracy
LOQ
Batch no

Samples (500 mg) of the formulation are weighed into conical flasks (20 mL) and 5 mL
internal standard solution (20 mg/mL diethyl phthalate in acetone) is added along with
acetone (15 mL). The samples are diluted 1:5 with acetone and analysed by gas chromatography.
GC-FID at 280°C
HP1 column (5 m × 0.53 mm, 2.65 µm film thickness)
A readable chromatogram in the report demonstrates specificity of the method, and no
interferences were observed at the retention time of interest. However the other chromatographs in the report are of very poor quality and not possible to read with sufficient evidence.
The linearity of detector response was demonstrated using five standard solutions across
the concentration range of 600 µg/mL to 1400 µg/mL. The correlation coefficient (r) was
determined to be 0.99996 (slope = 0.7743, intercept = 0.0072). No chromatogram is included in the report.
Quantification is performed using benfluralin reference standard solutions containing diethyl phthalate as an internal standard.
Analyte identity was confirmed by retention time match with an analytical standard.
See Table B.5.1.1-1 and B.5.1.1-2 below.
Not a requirement for the determination of the active substance in the formulation
HM 877 (no data available for the batch besides a purity of 183 g/L)

Results
In the following tables precision and accuracy data for determination of benfluralin in the representative formulation Bonalan (EF-1533) are presented.
Table B.5.1.1-1: Precision data – Garofani, S. (2002)

Analyte

Mean content
(% w/w)

RSD
(%) (n = 6)

Acceptable RSD
(%)

Benfluralin

19.6
(183.6 ± 2 g/L)

0.47

1.71
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Table B.5.1.1-2: Accuracy data – Garofani, S. (2002)

Fortification level
(% of nominal conc.)
80
100
120
Overall

Analyte
Benfluralin

Mean recovery
(%) (n)
99.6 (2)
101.3 (2)
100.6 (2)
100.5 (6)

Acceptable recovery (%)

98 - 102

DAR conclusion
GC-FID method CH-45/2002 is suitable for determination of benfluralin content in Bonalan (EF-1533).
RMS comments and conclusion
The method is still suitable for determination of benfluralin content in Bonalan (EF-1533). Beside that the chromatographs in the report are of very poor quality and not possible to read with sufficient evidence and that no
calibration curve is submitted, the method is in terms of specificity, linearity, precision (RSD and modified Horwitz equation) and accuracy considered acceptable according SANCO/3030/99 rev. 4. The notifier was asked to
submit a better copy of the study, but a better copy was not available and therefore not submitted to the RMS.

This method has also been used in the stability studies of Bonalan (EF-1533) (8 weeks at 40°C and 2 years at
ambient temperature).

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Ticco, S. P. (2016f)
EF-1533: Validation of the analytical method for determining the
active ingredient content
ChemService S.r.l, Italy,
CH-444/2016
SANCO/3030/99 rev. 4
Yes
CP 5.1.1/02

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The method is acceptable according to
SANCO/3030/99 rev. 4.

Materials and methods
Principle of the
method
Method / Detector
Column
Specificity

Linearity

Quantification /
Confirmation
Precision/Accuracy
LOQ
Batch no

Samples (500 mg) of the formulation are weighed into conical flasks (100 mL) along with
dimethyl phthalate internal standard (100 mg) and diluted with 100 ml acetone. The samples are diluted 1:10 with acetone and analysed by gas chromatography.
GC-FID at 280°C
HP-5 column (30 m × 0.32 mm, 0.25 µm film thickness).
No interferences were observed at the retention time of interest in any control matrix samples, demonstrating the specificity if the method. Analyte identity was confirmed by retention time match with an analytical standard.
The linearity of detector response was demonstrated using five standard solutions across
the concentration range of 60.9 µg/mL to 142.1 µg/mL. The coefficient of determination
(R2) was determined to be 0.99911 (slope = 0.7375, intercept = -0.0023).
Quantification is performed using benfluralin reference standard solutions containing diethyl phthalate as an internal standard.
See Table B.5.1.1-3 and B.5.1.1-4 below.
Not a requirement for the determination of the active substance in the formulation
Lot no: EC#1. Active substance batch: 1919 (96.6 %)
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Results
In the following tables precision and accuracy data for determination of benfluralin in the representative formulation Bonalan (EF-1533) are presented.
Table B.5.1.1-3: Precision data – Ticco, S. P. (2016f)

Mean content
(% w/w)
18.5
(173 ± 1.2 g/L)

Analyte
Benfluralin

RSD
(%) (n = 6)

Acceptable RSD
(%)

0.34

1.73

Table B.5.1.1-4: Accuracy data – Ticco, S. P. (2016f)

Analyte
Benfluralin

Fortification level
(% of nominal conc.)
75
100
125
Overall

Mean recovery
(%) (n)
100.2 (2)
100.1 (2)
99.4 (2)
99.9 (6)

Acceptable recovery (%)

98 - 102

RMS comments and conclusion
The method is suitable for determination of benfluralin content in Bonalan (EF-1533). The method is in terms of
specificity, linearity, precision (RSD and modified Horwitz equation) and accuracy considered acceptable according SANCO/3030/99 rev. 4.
This method has also been used in the stability studies of Bonalan (EF-1533) (14 days at 54 °C).
CIPAC methods
Two CIPAC methods are available for the determination of Benfluralin in EC. One method (285/EC/M/3.1) is
based on ultraviolet spectrometry, the second method (285/EC/M/3.2) uses GC-FID. However, the methods are
now listed as “Ob” (Ob: No longer supported / Obsolete) by CIPAC.

B.5.1.1.2 Determination of relevant impurities
Validation of the analytical method for determination of relevant impurities in the plant protection product Bonalan (EF-1533) are presented in RAR 22 Volume 4, Section C.1.3.5.2.
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B.5.1.2 Methods for the determination of residues
B.5.1.2.1 Methods in soil, water, sediment, air and any additional matrices used in support of environmental fate studies
RMS comment
No analytical methods to support environmental fate studies are submitted for Bonalan (EF-1533) in support of the
renewal of approval of benfluralin.

B.5.1.2.2 Methods in soil, water and any additional matrices used in support of efficacy studies
RMS comment
No analytical methods to support efficacy studies are submitted for Bonalan (EF-1533) in support of the renewal
of approval of benfluralin.

B.5.1.2.3 Methods in feed, body fluids and tissues, air and any additional matrices used in support of toxicological studies
RMS comment
No analytical methods to support toxicology studies are submitted for Bonalan (EF-1533) in support of the renewal of approval of benfluralin.

B.5.1.2.4 Methods in body fluids, air, and any additional matrices used in support of operator, worker,
resident and bystander exposure studies
RMS comment
No analytical methods to support exposure studies are submitted for Bonalan (EF-1533) in support of the renewal
of approval of benfluralin.

B.5.1.2.5 Methods in or on plants, plant products, processed food commodities, food of plant and animal
origin, feed and any additional matrices used in support of residues studies
RMS comment
No analytical methods to support residue studies are submitted for Bonalan (EF-1533) in support of the renewal of
approval of benfluralin.

B.5.1.2.6 Methods in soil, water, sediment, feed and any additional matrices used in support of ecotoxicology studies
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RMS comment
Validation of analytical methodologies for ecotoxicological risk assessment studies has been performed for a total
of five studies, three studies presented in this part of the RAR and two studies in the CA B5 part.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Biester, M. A. (2011)
EF-1533: Growth inhibition test with the freshwater duckweed
(Lemna gibba) under static renewal conditions
Smithers Viscient AG Laboratories (Europe), Switzerland, Report
No. 1072.044.410, Project No. 101219
OECD Guideline 221, and SANCO/3029/99 rev. 4
Yes
CP 5.1.2/01 (CP 10.2.1/04)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Not fully validated according to SANCO/3029/99 rev. 4, but considered “fit for
purpose”.

Materials and methods
Principle of the
method
Method / Detector
Column
Mobile phase
Specificity
Linearity

Quantification /
Confirmation
Precision/Accuracy
LOQ

Samples are diluted with 20X AAP medium/acetonitrile, 8:2, v/v (if required) and analysed
by high performance liquid chromatography
HPLC-UV at 386 nm
Waters Symmetry C18 column (150 mm × 2.1 mm, 5 µm particle size)
Gradient elution with mobile phases of acetonitrile and 0.1 % TFA in water
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using six external standard solutions
across the concentration range of 0.00414 to 0.104 mgactive/L. The coefficient of determination (R2) was determined to be 0.9998 (slope = 2 × 106, intercept = -1427.1).
Quantification is performed using external standards.
Analyte identity was confirmed by retention time match with an analytical standard.
See Table B.5.1.2-1 below.
0.0319 mg/L

Results
In the following table validation data for growth inhibition test with the freshwater duckweed (Lemna gibba) are
presented.
Table B.5.1.2-1: Precision and accuracy data – Biester, M. A. (2011)

Matrix

20xAAP/acetonitrile

Fortification level
(mgtest item/L)
0.0319
(0.00569 mgactive/L)
3.35
(0.627 mgactive/L)
Overall

Recoveries
(%)

Mean recovery
(%)

RSD
(%)

114 – 118 (5)

116

1.2

90.6 – 110 (5)

103

7.3

90.6 – 118 (10)

110

7.8

RMS comments and conclusion
The study are not fully in accordance with SANCO/3029/99 rev. 4, but can be considered fit for purpose. Specificity and linearity is demonstrated, the mean recovery of the lowest fortification level is somewhat high (> 110 %)
and overall recovery is high, however a low RSD value indicates high precision. The highest fortification level is
not inside the calibrated area, however the study describe that samples with higher concentrations were diluted
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with the medium before analysis, but no dilution factor is given for the highest fortification level. Seven calibration standards were prepared and the study refer to a calibration from 0.00414 mg/L to 0.216 mg/L, however the
calibration curve and linearity thereof is calculated only up to 0.104 mg/L. The fortification levels 3.35 and 0.0319
mg test item/L are corresponding to 0.627 and 0.00596 mgactive/L.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Peterek, S. (2011a)
Benfluralin (EF-1533, 180 g a.s./l, EC): Vegetative Vigour Test
for Non Target Plants on Ten Plant Species
Eurofins Agroscience Services GmbH, Germany, Report No.
S10-03575, Project No. 101848
OECD Guideline 227, and SANCO/3029/99 rev. 4
Yes
CP 5.1.2/02 (CP 10.6.2/01 and CP 10.6.2/02)

Previous evaluation:
Submitted for the purpose of renewal

Peterek, S. (2011b)
Benfluralin (EF-1533, 180 g a.s./l, EC): Seeding emergence test
for non target plants on ten plant species
Eurofins Agroscience Services GmbH, Germany, Report No.
S10-03575, Project No. 101847
OECD Guideline 227, and SANCO/3029/99 rev. 4
Yes
CP 5.1.2/03 (CP 10.6.2/01 and CP 10.6.2/02)

Previous evaluation:
Submitted for the purpose of renewal

RMS conclusion:
Not fully validated according to SANCO/3029/99 rev. 4, but considered “fit for
purpose”.

RMS conclusion:
Not fully validated according to SANCO/3029/99 rev. 4, but considered “fit for
purpose”.

Materials and methods
Principle of the
method
Method / Detector
Column
Mobile phase
Specificity
Linearity

Quantification /
Confirmation
Precision/Accuracy
LOQ

Samples are diluted with acetonitrile and analysed by high performance liquid chromatography
HPLC-UV at 270 nm
Luna C18 (2) column (250 mm × 3.0 mm, 5 µm particle size) and a Phenomenex C18
guard column (4 mm × 2.0 mm, 5 µm particle size)
Isocratic elution with a mobile phase of acetonitrile/water (80:20, v/v).
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the methods.
The linearity of detector response was demonstrated using six external standard solutions
across the concentration range of 10.2 mg/L to 86.5 mg/L. The coefficient of determination (R2) was determined to be 1 (slope = 11.727, intercept = -3.5292).
Quantification is performed using external standards.
Analyte identity was confirmed by retention time match with an analytical standard and by
comparison of UV spectra.
See Table B.5.1.2-2 below.
7.55 g/L

Results
In the following table validation data for vegetative vigour and seeding emergence test for non target plants on ten
plant species are presented.
Table B.5.1.2-2: Precision and accuracy data – Peterek, S. (2011a-b)

Matrix
Spray solution
(T6)

Fortification level
(mg/L)
7.55
18.0
Overall

Recoveries
(%)
97 – 98 (5)
96 – 97 (5)
96 – 98 (10)

Mean recovery
(%)
97.2
96.6
96.9

RSD
(%)
0.5
0.6
0.6

RMS: NO
Co-RMS: NL
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RMS comments and conclusion
The method is not fully validated according to SANCO/3029/99 rev. 4 since the lowest fortification (the proposed
LOQ) level is not within the calibrated/linear area, however specificity and linearity are demonstrated, and accuracy and precision are well within the acceptable levels. The method can despite the calibration curve be deemed “fit
for purpose”, however the LOQ is not properly defined as the lowest validated level since it is not inside the linear
calibration area.

B.5.1.2.1 Methods in water, buffer solutions, organic solvents and any additional matrices resulting from
the physical and chemical properties tests
The analytical methods used to determine the content of active substance (storage stability studies) in Bonalan
(EF-1533) are described in Section CP 5.1.1.1 above.

B.5.2 Methods for post-authorisation control and monitoring purposes
See RAR 03 Volume 3 CA B5.

RMS: NO
Co-RMS: NL
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B.5.3 References relied on
Literature search:
See Vol B.5 on the Active substance.

New studies submitted for the purpose of renewal
Data point

Author(s)

Year

CP 5.1.1/02

Ticco, S.P.

2016e

CP 5.1.2/01

Biester, M.

2011

CP 5.1.2/02

Peterek, S.

2011a

CP 5.1.2/03

Peterek, S.

2011b

1

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
EF-1533: Validation of the analytical method for the determination of the active ingredient content
ChemService S.r.l., Report No. CH - 444/2016
GLP, Unpublished
EF-1533: Growth inhibition test with the freshwater duckweed (Lemna gibba) under static renewal conditions
Smithers Viscient AG, Report No. 1072.044.410
GLP, Unpublished
Benfluralin (EF-1533, 180 g a.s/l, EC): Vegetative vigour
test for non target plants on ten plant species
Eurofins Agroscience Services GmbH, Report No. S1003575
GLP, Unpublished
Benfluralin (EF-1533, 180 g a.s/l, EC): Seedling emergence
test for non target plants on ten plant species
Eurofins Agroscience Services GmbH, Report No. S1003574
GLP, Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

Vertebrate
study
Y/N

Data protection
claimed
Y/N

Justification if data
protection is claimed

Owner 1

N

N

Not applicable

Gowan Crop
Protection

N

N

New study for renewal
dossier

Gowan Crop
Protection

N

N

New study for renewal
dossier

Gowan Crop
Protection

N

N

New study for renewal
dossier

Gowan Crop
Protection
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Studies relied upon for the first inclusion of benfluralin in Annex I to Directive 91/414/EEC and for renewal of approval under Regulation (EC) No 1107/2009
Data point

CP 5.1.1/01

2

Author(s)

Garofani, S.

Year

2002

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Validation of the analytical method for determining the a.i.
content of benfluralin 180 g/L EC (EF-1533)
ChemService S.r.l., Report No. CH-45/2002
GLP, Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

Vertebrate
study
Y/N

Data protection
claimed
Y/N

Justification if data
protection is claimed

Owner 2

N

N

Not applicable

Gowan Crop
Protection

Renewal Assessment Report
under Regulation (EC) 1107/2009

Benfluralin
Active substance data
Volume
Volume 33

Annex
Annex B.5
B.5
Methods
Methods of
of analysis
analysis

Rapporteur Member State: Norway
Co-Rapporteur Member State: The Netherlands

August 2017
August 2018

RMS: NO
Co-RMS: NL
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Reason for revision
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B.5 Methods of analysis
This document presents data and information on the analytical methods of the AIR IV active substance benfluralin
under Regulation (EC) 1107/2009. The document presents all methods which was evaluated in the Draft Assessment
Report (DAR) of 2006 including new methods which are submitted on the purpose of renewal. Old studies for which
newer studies have been submitted has not been re-assessed.
The evaluation of the analytical methods by the last RMS (Belgium) was set out in the DAR of June 2006 and its
addendum of September 2007. Any critical end points in the DAR, for use in risk assessments, were published in
the EFSA Conclusion regarding the peer review of the pesticide risk assessment of the active substance benfluralin
(EFSA Scientific Report (2008) 127, 1-82). These endpoints has been sufficiently addressed:


Validated method of analysis for the relevant impurity in the formulation (data gap identified by meeting
of experts October 2007) (addressed in Volume 4 of the RAR).

The following endpoints are to be considered after the renewal assessment or in peer review:


A limited amount of analytical methods were submitted to support risk assessment studies related to toxicology and environmental fate. Address if the submitted studies are sufficient according to the data requirements.



Three ecotox studies essential for risk assessment of aquatic organisms should at least have been submitted
for validation. See Section B.5.1.2.6.



The RMS has tried to reveal all studies were an analytical method should have been submitted, furthermore
assessed and validated. Outstanding studies were summaries/validations of analytical methodology are not
submitted should be considered. This concerns one important study in eco-toxicology, studies in toxicology, and environmental fate and behaviour.



Study on extraction efficiency of benfluralin with different solvents (argument has been submitted), in plant
matrices and body fluids and tissues.



Benfluralin is considered slightly volatile, the effect of this has not been addressed in the validation reports.



The residue definition for monitoring is in principle considered to be only benfluralin. However, two surface water metabolites are considered not covered by the risk assessment and analytical methods for monitoring should in principle be provided if these are considered to be eco-toxicological relevant. See Volume
1 and LoEP for. RMS proposal: EFSA to address potential data gap and if analytical methods should be
provided.

Studies that were originally submitted the following statement will precede each summary:
Previous evaluation:
In DAR for Annex I inclusion (2006)
For studies that have not been previously reviewed, the following statement will precede each summary:
Previous evaluation:
Submitted for the purpose of renewal

RMS: NO
Co-RMS: NL
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B.5.1

Methods used for the generation of pre-approval data

B.5.1.1

Methods for analysis of the active substance as manufactured

B.5.1.1.1

Determination of pure active substance in the technical material

Reference:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Garofani, S. (2002a)
Validation of the analytical method for determining the a.i. content of benfluralin technical
CH-43/2002
SANCO/3030/99 rev. 4
GLP-compliance stated
Not included in the reference list

Previous evaluation:
In DAR for Annex I inclusion (2006)

Ticco, S.P. (2016a)
Benfluralin technical: Validation of the analytical method for
the determination of the active ingredient content
ChemService S.r.l. Testing Laboratory, Italy,
Report No. CH-167/2016
SANCO/3030/99 rev. 4
Yes
CA 4.1.1/01

Previous evaluation:
Submitted for the purpose of active substance renewal

RMS comment:
The study is obsolete and therefore not
needed in the renewal.

RMS comment:
The method is acceptable according to
SANCO/3030/99 rev. 4.

Materials and methods
Principle of the
method
Method/Detector
Column
Specificity
Linearity

Quantification/
Confirmation

Precision
Accuracy
LOQ
Batch no

The test item is melted in an oven at 90 °C for one hour. Samples (50 mg) are weighed into
conical flasks (50 mL) along with dimethyl phthalate internal standard (50 mg). The samples are diluted to volume with acetone, and then diluted 1:10 with acetone for analysis.
GC-FID at 280 °C
HP-5 column (30 m × 0.32 mm, 0.25 µm film thickness)
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using five external standard solutions across the concentration range of 66.17 - 154.41 µg/mL ( R2 = 0.99593, slope =
376236, intercept = -6250642)
Quantification is performed using dimethyl phthalate as internal standard. Analyte identity
was confirmed by retention time match with analytical standards and by comparison of the
gas chromatography-mass spectra (GC-MS) of benfluralin technical material with that of
the reference standard.
See Table B.5.1.1-1 below.
Not a data requirement, but can be considered acceptable based on the specificity and precision.
Not a requirement for the determination of the active substance in technical material
1919

Results
Table B.5.1.1-1: Validation data for determination of benfluralin in technical material.

Matrix
Technical material

Specificity/
interferences
No interference observed

Linearity
Mean
(µg/mL)
content
66.17 – 154.41 96.6 %

Precision
(RSD) (n = 6)
0.15 %

Acceptable RSD
(Horwitz value)
1.35 %

RMS: NO
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RMS comments and conclusion
The method is specific for determination of benfluralin in the technical material. The validation show that the method
is linear in the range covering the expected nominal concentration (96.6 %) with acceptable precision (RSD < Horwitz value). Storage stability of solutions of technical substance and reference standard is also demonstrated.
The method is fully validated according to the SANCO/3030/99 rev. 4 and is suitable for the determination of benfluralin in the technical active substance as manufactured.

CIPAC methods
Two CIPAC methods are available for the determination of Benfluralin in EC. One method (285/EC/M/3.1) is based
on ultraviolet spectrometry, the second method (285/EC/M/3.2) uses GC-FID. However, the methods are now listed
as “Ob” (Obsolete / No longer supported) by CIPAC.

B.5.1.1.2

Determination of significant and relevant impurities

Validation data for determination of significant and relevant impurities in the technical material as produced are
presented in RAR 22 Volume 4, Section C.1.2.7.

B.5.1.2

Methods for risk assessment

B.5.1.2.1

Methods for analysis of residues in matrices used in support of environmental fate studies

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Clements, B. (2002c)
Determination of residues of trifluralin, benfluralin and
ethalfluralin in soil
Dow Agroscience GRM 99.03
No guidelines stated
GLP-compliance stated
CA 4.2/06

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
Method GRM 99.03 is suitable for the determination of residues of Benfluralin in soil with a LOQ
of 0.01 mg/kg, however a confirmatory method
remains to be addressed.
RMS conclusion:
RMS agree with DAR conclusion. Confirmatory
method has been submitted and accepted in B5
addendum. Conclusion is still acceptable.

RMS comments and conclusion
The analytical method used for determination of residues of trifluralin, benfluralin and ethalfluralin in soil is accepted as a risk assessment method for the field dissipation studies.

Since the method could be accepted for enforcement purposes if a confirmatory method was submitted (DAR, Reporting table point 1(29)), the method is placed together with the confirmatory method under Section 5.2.3.

RMS: NO
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Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Scherthan, D. (2018)
Rate of degradation of benfluralin metabolite B12 in six
different soils
RLP AgroScience GmbH, Study no: AS532
OECD: Guideline 307; Aerobic and Anaerobic Transformation in Soil, April 24, 2002
GLP-compliance stated
(CA 7.1.2.1.2-01) (not included in the reference list)

Previous evaluation:
Submitted for the purpose of renewal.

Scherthan, D. (2017)
Adsorption and desorption of benfluralin metabolite B12
in six different soils using a batch equilibrium method
RLP AgroScience GmbH, Study no: AS533
OECD Guideline for Testing of Chemicals, No 106
“Adsorption/Desorption“, Jan. 21, 2000
GLP-compliance stated
(CA 7.1.3.1.2-01) (not included in the reference list)

Previous evaluation:
Submitted for the purpose of renewal.

RMS conclusion:
No method validation submitted by the applicant.
The method does however appear acceptable according to SANCO/3029/99 rev. 4.

RMS conclusion:
No method validation submitted by the applicant.
The method does however appear acceptable according to SANCO/3029/99 rev. 4.

RMS comments and conclusion
Validations of the analytical methods used for determination of B12 in soil for the studies Scherthan, D. (2018,
2017) are not submitted by the applicant. The studies are considered important for environmental fate and behaviour
assessment and should therefore have been submitted. Due to the importance of the study the RMS considered it
necessary to do a simplified assessment of the methods, and the methods (HPLC-MS/MS) appear in compliance
with SANCO/3029/99 rev. 4, thus considered acceptable in terms of specificity, linearity, accuracy, precision and
LOQ.

B.5.1.2.2

Methods for analysis of residues in matrices used in support of efficacy studies

No analytical method to support efficacy studies are submitted in support of the renewal of benfluralin.

B.5.1.2.3

Methods for analysis of residues in matrices used in support of toxicology studies

Method validation for the analytical methods used in toxicology studies has been submitted for most of the studies
were an analytical method has been used. Where an analytical method has been used and no method validation has
been submitted, this has been highlighted and reference to the study has been made.
Only two studies were submitted for validation of the analytical methodology. The analytical method is the same as
for both studies, procedural recoveries are evaluated for both studies.
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1996)
Subchronic toxicity studies of benefin (compound 054521) administered orally in the diet to Fischer 344 rats for 3 months.
,
Report No. R33989, R44089, and R29990
FIFRA 82-1
GLP-compliance stated
CA 4.1.2/43 (CA 5.3.2/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The analytical method is not acceptable according to SANCO/3029/99 rev. 4. It is not

RMS: NO
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possible to conclude if the method is “fit for
purpose” or not.

Materials and methods
Samples are analysed by gas chromatography to determine the amount of benfluralin in the
test diets.
No data provided in the report.
Method/Detector
No data provided in the report.
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
No data was provided in the report.
Linearity
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.3-1 below for accuracy and precision of the dose concentrations.
See Table B.5.1.2.3-2 below for accuracy and precision of homogeneity and stability data
of benfluralin in the test diet.
0.005 % (3.2 mg/kg)
LOQ
Principle of the
method

Results
In the following table accuracy and precision data for the determination of dose concentrations are presented for the
3 months subchronic toxicity studies.
Table B.5.1.2.3-1: Precision and accuracy data –

Matrix

Test diet

Fortification level
(%)
0.005
(3.2 mg/kg)
0.025
(19 mg/kg)
0.05
(32 mg/kg)
0.11
(81 mg/kg)
0.5
(364 mg/kg)
0.75
(563 mg/kg)
Overall

(1996)

Recoveries
(%) (n)

Mean recovery
(%)

RSD
(%)

98.4, 94.6, 95.0

96.0

2.2

97.2, 102.8, 94.0

98.0

4.5

94.6, 98.0, 95.8

96.1

1.8

98.3, 101.6, 92.5

97.5

4.7

94.1, 100.1, 101.2,
95.1, 98.5, 96.3

97.5

2.9

98.6, 96.0, 101.1

98.6

2.6

92.5 – 102.8 (21)

97.3

3.0

In the following table accuracy and precision data are presented for the determination of homogeneity and stability
of benfluralin in the test diet for the 3 months subchronic toxicity studies.
Table B.5.1.2.3-2: Precision and accuracy data for homogeneity and stability of benfluralin in the test diet

Matrix
Test diet
(Initial concentration)
Test diet
(2 weeks)
Test diet

Fortification level
(%)
0.005
0.5
0.005
0.5
0.005

Recoveries
(%, n = 10)
98.4
97.6
97.2
96.6
96.6

Mean recovery
(%)
98.0
96.9
97.4

RSD
(%)
0.9
1.2
0.3
1.1
0.3

RMS: NO
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Fortification level
(%)
0.5

Matrix
(4 weeks)

Recoveries
(%, n = 10)
98.1
Overall

Mean recovery
(%)
97.4

RSD
(%)
0.6
0.7

RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not validated according to
SANCO/3029/99 rev. 4. Validation has been performed based on measured concentration of nominal dietary concentrations. Studies on homogeneity and stability is included, and acceptable results has been obtained. No information is available with regard to the analytical methodology. No calibration curve is included. Specificity is argued
by the applicant, however no chromatogram or information in the report can support this argument. Included information can somehow support the findings in the study by means that analysed samples has acceptable recovery and
precision, but does not meet the criteria in SANCO/3029/99 rev. 4, thus considered not validated according to this
SANCO. It is not possible to conclude if the method is “fit for purpose” or not.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1988a)
A subchronic toxicity study in B6C3F1 mice given benefin (EL110, Compound 54521) in the diet for three months
, Report No. M00180
OECD TG 408 (1981)
No, but report and raw data were subject to a GLP-standard audit
(CA 5.3.2/03) (not included in the reference list yet)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
No method validation submitted by the applicant.

RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The study is considered important for toxicology assessment and should therefore have been submitted.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1996)
Benefin: Two-year dietary chronic toxicity/oncogenicity study
in Fischer 344 rats
,
Report No. CHV 174-133, Study No. DR-0097-3397-005
OECD No. 453
GLP-compliance stated
CA 4.1.2/01 (CA 5.5/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The analytical method is not fully validated
according to SANCO/3029/99 rev. 4, but
considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase
Specificity

Samples are extracted with acetonitrile analysed by high performance liquid chromatography.
HPLC-UV at 254 nm
Whatman ODS 3, partisil 5 column (250 mm × 4 mm)
Isocratic elution with acetonitrile/water/ethyl acetate (80:15:5, v/v/v)
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.

RMS: NO
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The linearity of detector response was demonstrated using four external standard solutions
across the concentration range of 0.5 to 4.0 µg/mL. No information regarding linearity
(regression) other than the calibration curve is given.
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.3-13 below.
10 ppm
LOQ
Linearity

Results
In the following table validation data for the two-year dietary chronic toxicity/oncogenicity study in Fischer 344 rats
is presented.
Table B.5.1.2.3-13: Precision and accuracy data –

Matrix

Rodent feed

Fortification level
(ppm)
10
(1.00 µg/mL)*
100
(2.00 µg/mL)*
2500
(2.00 µg/mL)*
5000
(2.50 µg/mL)*
Overall

(1996)

Recoveries
(%) (n)

Mean recovery
(%)

RSD
(%)

89.9 – 120 (18)

100.7

8.6

90.6 – 102 (18)

96.7

3.6

93.8 – 104 (18)

97.9

2.5

93.2 – 102 (18)

98.7

2.6

89.9 – 120 (72)

98.5

5.2

* Samples were diluted to fit calibration curve

RMS comments and conclusion
The analytical method used in the two-year dietary chronic toxicity/oncogenicity study is considered not fully validated according to SANCO/3029/99 rev. 4, but “fit for purpose”. Acceptable recovery and precision values were
obtained for all fortification levels, thus the LOQ can also be acceptable. However, regarding specificity and linearity, only chromatograms for the general analytical method were included and no information regarding regression
of the calibration curve is given. The calibration curve in the method nevertheless tends to be linear.

Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

(1988b)
A chronic toxicity and oncogenicity study in B6C3F1 mice
given benefin (EL-110, compound 54521) in the diet for two
years
, Report No. M02785 and M02786
OECD TG 451 (1981)
GLP-compliance stated
(CA 5.5/03) (not included in the reference list)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
No method validation submitted by the applicant.

RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The study is considered important for toxicology assessment and should therefore have been submitted.
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Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1995)
Two-generation reproduction study in rats with benefin
Report No.
174-136
83-4
GLP-compliance stated
CA 4.1.2/02 (CA 5.6.1/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The analytical method is not fully validated
according to SANCO/3029/99 rev. 4, but
considered “fit for purpose”.

Materials and methods
Samples are extracted with acetonitrile analysed by high performance liquid chromatography. The same analytical method as for
(1996).
HPLC-UV at 254 nm
Method/Detector
Whatman ODS 3, partisil 5 column (250 mm × 4 mm)
Column
Isocratic elution with acetonitrile/water/ethyl acetate (80:15:5, v/v/v)
Mobile phase
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using four external standard solutions
Linearity
across the concentration range of 0.5 to 4.0 µg/mL.
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.3-24 below.
100 ppm
LOQ
Principle of the
method

Results
In the following table validation data for the two-generation reproduction study in rats are presented.
Table B.5.1.2.3-24: Precision and accuracy data –

Matrix

Rodent feed

Fortification level
(ppm)
100
(2.00 µg/mL)*
1000
(2.00 µg/mL)*
5000
(2.50 µg/mL)*
Overall

(1995)

Recoveries
(%) (n)

Mean recovery
(%)

RSD
(%)

95.9 – 108 (13)

100.7

3.2

99.7 – 111 (13)

102.2

3.0

99.5 – 107 (13)

102.0

2.3

95.9 – 111 (39)

101.7

2.8

* Samples were diluted to fit calibration curve

RMS comments and conclusion
The analytical method used in the two-generation reproduction study in rats with benfluralin study is considered not
fully validated according to SANCO/3029/99 rev. 4, but considered “fit for purpose”. Acceptable recovery and
precision values were obtained for all fortification levels, thus the LOQ can also be acceptable. However, regarding
specificity and linearity, only chromatograms for the general analytical method were included and no information
regarding regression of the calibration curve is given. The calibration curve in the method nevertheless tends to be
linear.
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Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1985b)
Rat teratology study with benefin

Previous evaluation:
Submitted for the purpose of renewal.

., Report No. 6180-101
EPA 40 CFR 158
GLP-compliance stated
(CA 5.6.2/02) (not included in the reference list)

RMS conclusion:
No method validation submitted by the applicant.

RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The studies are considered important for the toxicology assessment and should therefore have been
submitted.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1991)
Teratology study in rabbits with benefin
, Report No. 3130.9
EPA FIFRA 83-3
GLP-compliance stated
(CA 5.6.2/04) (not included in the reference list)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
No method validation submitted by the applicant.

RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The study is considered important for the toxicology assessment and should therefore have been
submitted.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2010)
Benfluralin: profiling benfluralin-induced molecular, cellular,
and biochemical changes in male F344/Du
rats
,
Report No. 090246
Not stated
Non-GLP
(CA 5.8.2/01) (not included in the reference list)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
No method validation submitted by the applicant.

RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The study is considered important for the toxicology assessment and should therefore have been
submitted.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

LeBaron, M. J., Schisler, M. R., Visconti, N. R. (2011a)
Evaluation of benefin in an in vitro estrogen receptor binding assay
Toxicology & Environmental Research and Consulting, USA,
Report No. 111123 (DR-0397-7422-013)
US EPA OPPTS 890.1250 (2009)
GLP-compliance stated
CA 4.1.2/44 (CA 5.8.3/01)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
The included validation is not in compliance with SANCO/3029/99 rev. 4 and is
very limited. It is not possible to conclude
if the method is “fit for purpose” or not.
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Materials and methods
Principle of the
method
Method/Detector
Column
Specificity
Linearity
Quantification/
Confirmation

Samples are diluted with ethanol and ethalfluralin (100 ppm) internal standard is added.

GC-NCI/MS (negative ion chemical ionisation and mass spectrometry detection)
Phenomenex Zebron ZB-5MS column (30 m × 0.25 mm, 0.5 μm film thickness).
No data provided in the report.
No data provided in the report.
Quantification is performed using internal standard solutions containing ethalfluralin as the
internal standard. The benfluralin ion m/z 335.0 is used for quantification and the ion m/z
333.0 is used to monitor ethalfluralin. The internal standard was used to facilitate quantitation during mass spectral analysis.
Accuracy/Precision See Table B.5.1.2.3-5 below for accuracy and precision of the dose concentrations.
It is stated that spikes were prepared at approximate concentrations of 0.0324, 0.243, and
0.486 μg/mL, but no more data/information is provided.
No lower validated level to set LOQ.
LOQ
Results
In the following table accuracy and precision data for the determination of dose concentrations are presented.
Table B.5.1.2.3-5: Precision and accuracy data – LeBaron, M. J., Schisler, M. R., Visconti, N. R. (2011a)

Matrix

Dose solution

Fortification level
(mg/mL)
0.00000168
0.0000168
0.000168
0.00168
0.0168
0.168
1.68
16.77

Recoveries
(%, n = 2)
92.2
97.4
105.5
102.7
104.5
106.8
101.8
102.7

Mean recovery
(%, n = 8)

RSD
(%, n = 8)

101.7

4.7

RMS comments and conclusion
Validation data of the study is limited and does not meet the criteria according to SANCO/3029/99 rev. 4. Provided
data set (Table B.5.1.2.3-5) is presented related to determination of dose concentrations, probably to ensure analytical recovery of the dose concentrations. In the study, specificity and linearity is not demonstrated, and this combined
with the fact that only two replica at each concentration were determined, no validation is actually performed and
no data to ensure correct determination. The study presents that three benfluralin spikes were prepared at concentrations of 0.0324, 0.243, and 0.486 μg/mL, however no validation data related to these spikes are presented, thus
not validated. Standards were prepared in the range of 0.000907-0.648 μg/mL, and the study claims that 0.000907
μg/mL should be treated as LOQ, this is however not acceptable. The range may be the basis for a calibration curve,
this is however not clear in the report.

The data set cannot be deemed acceptable to validate the analytical results. Single and mean recovery, and RSD of
the dose concentrations, are however within acceptable ranges. Included validation data are not acceptable according
to SANCO/3029/99 rev. 4, and are not satisfactory to deem the method “fit-for purpose” or not.
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Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

LeBaron, M. J., Kan, H. L. (2011)
Evaluation of benefin in an in vitro estrogen receptor transcriptional activation assay in human cell line Hela-9903
Toxicology & Environmental Research and Consulting, USA,
Report No. 101184 (DR-0397-7422-009)
US EPA OPPTS 890.1300 (2009)
GLP-compliance stated
CA 4.1.2/45 (CA 5.8.3/02)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
The analytical method is not fully validated
according to SANCO/3029/99 rev. 4, but
can be considered “fit for purpose”.

Materials and methods
Samples are vortex mixed and diluted with toluene to final concentrations of approximately
0.00300 – 0.00671 μg/mL.
GC-ECD (detector temperature not reported)
Method/Detector
No data provided in the report.
Column
No information related to specificity or chromatogram is included in the report, other that
Specificity
that matrix effects were observed for samples prepared at 0.00003 mg/mL and 0.00034
mg/mL.
No satisfying data was provided in the report. It is stated that standards were found to be
Linearity
linear with an R value of 0.9966. No calibration curve or data included.
Quantification is performed using external standard calibration. No confirmatory method
Quantification/
Confirmation
reported.
Accuracy/Precision See Table B.5.1.2.3-6 below for accuracy and precision of the dose concentrations.
It is stated that spikes were prepared at approximate concentrations of 0.0000362, 0.0363,
3.53, and 112 mg/mL. Average spike recovery was found to be 86.5 % with a standard
deviation of 3.98 %.
0.00335 mg/mL
LOQ
Principle of the
method

Results
In the following table accuracy and precision data for the determination of dose concentrations are presented.
Table B.5.1.2.3-6: Precision and accuracy data – LeBaron, M. J., Kan, H. L. (2011)

Matrix

Dose solution

Fortification level
(mg/mL)
0.00003
0.00034
0.00335
0.0335
0.3353
3.353
33.53
111.77

Recoveries
(%, n = 2)

Mean recovery
(%, n = 6)

RSD
(%, n = 6)

Not quantifiable due to matrix effects.
88.5
86.7
98.6
89.9
86.7
89.5

90.0

4.9

RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not fully validated according to
SANCO/3029/99 rev. 4. In the report an analytical dose confirmation check was performed to ensure right concentrations. Spikes were also prepared and the standards were found to be linear with an R value of 0.9966. Average
spike recovery was found to be 86.5 % with a standard deviation of 3.98 %, which are within acceptable ranges.
The analytical methodology are limited in terms of specificity, linearity, and data related to determination of accuracy and precision, and thus considered not fully in compliance with SANCO/3029/99 rev. 4. Since linearity range
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and R value were reported, and a dose confirmation check and analysis of spikes were performed, all with acceptable
results, the validation can somehow be deemed satisfactory and “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

LeBaron, M. J., Schisler, M. R., Visconti, N. R. (2011b)
Evaluation of benefin in an in vitro androgen receptor binding
assay
Toxicology & Environmental Research and Consulting, USA,
Report No. 111097 (DR-0397-7422-012)
US EPA OPPTS 890.1150 (2009)
GLP-compliance stated
CA 4.1.2/46 (CA 5.8.3/03)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
The analytical method is not fully validated
according to SANCO/3029/99 rev. 4, but
considered “fit for purpose”.

Materials and methods
Samples are vortex mixed, diluted with toluene and chlorpyrifos (0.472 μg/mL) internal
standard is added. All samples were diluted with toluene to final concentrations appropriate
for analysis.
GC-ECD at 300 °C
Method/Detector
Phenomenex Zebron ZB-5MS Guardian column (30 m × 0.25 mm, 0.25 μm film thickness).
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using six external standard solutions
Linearity
across the concentration range 0.00251 to 0.101 μg/mL. The correlation coefficient (r) was
determined to be 0.9975 (slope = 29.2, intercept = -0.0216).
Quantification is performed using internal standards. Analyte identity was confirmed by
Quantification/
Confirmation
retention time match with analytical standards.
Accuracy/Precision See Table B.5.1.2.3-7 below.
0.0000101 mg/mL
LOQ
Principle of the
method

Results
In the following table accuracy and precision data for the determination of dose concentrations are presented.
Table B.5.1.2.3-7: Precision and accuracy data – LeBaron, M. J., Schisler, M. R., Visconti, N. R. (2011b)

Matrix

Ethanol solution

Fortification level
(mg/mL)
0.0000101
0.00101
0.101
10.1
Overall

Recoveries
(%)
78.6, 75.0, 79.0
104, 98.9, 96.1
90.6, 98.0, 90.2
95.8, 91.4, 95.1
75 – 104 (12)

Mean recovery
(%)
77.5
99.7
92.9
94.1
91.1

RSD
(%)
2.8
4.0
4.7
2.5
9.9

RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not fully validated according to
SANCO/3029/99 rev. 4, but is considered “fit for purpose”. Specificity and linearity are demonstrated, precision
and accuracy are within acceptable ranges, however more than three replica should been recorded and the recovery
is somewhat low at the suggested LOQ. The value are close to 80 % and can be considered acceptable. In the report
an analytical dose confirmation check was also performed to ensure right concentrations.
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Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Coady, K. K., Sosinski, L. K. (2011)
Benefin: Evaluation of benefin in the human recombinant aromatase assay
Toxicology & Environmental Research and Consulting, USA,
Report No. 101143 (DR-0397-7422-007)
US EPA OPPTS 890.1200 (2009)
GLP-compliance stated
CA 4.1.2/47 (CA 5.8.3/04)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
The included validation is not in compliance with SANCO/3029/99 rev. 4 and is
very limited. It is not possible to conclude
if the method is “fit for purpose” or not.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase
Specificity
Linearity

Quantification/
Confirmation
Accuracy
Precision
LOQ

Samples are diluted with acetonitrile/water (50:50, v/v) and vortex mixed prior to analysis.
HPLC-UV at 254 nm
Phenomenex Synergi Polar RP column (50 mm × 2.0, 2.5 μm particle size)
Gradient elution with mobile phases of water + 0.1 % acetic acid and acetonitrile + 0.1 %
acetic acid.
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using six external standard solutions
across the concentration range 1.81 mg/L to 103 mg/L. The correlation coefficient (r) was
determined to be 0.9999 (slope = 5.51×104, intercept = 1.21×104).
Quantification is performed using external standards. Analyte identity was confirmed by
retention time match with analytical standards.
See Table B.5.1.2.3-8 below.
No data provided in the report.
Not possible to set LOQ according to SANCO/3029/99 rev. 4.

Results
In the following table recovery for the determination of the dose concentration is presented.
Table B.5.1.2.3-8: Recovery data – Coady, K. K., Sosinski, L. K. (2011)

Matrix
Dose solution

Fortification level
(mg/L)
33,500

Recovery
(%, n = 1)
103

RSD
(%)
N/A

RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not validated and acceptable according to SANCO/3029/99 rev. 4. The analytical methodology is included, and specificity and linearity are demonstrated. The results are however not fortified and cannot be deemed acceptable to validate the analytical results. A
single recovery of one/the dose concentration is however acceptable, but not acceptable to assess accuracy, precision
or the LOQ of the method. Included validation data are not acceptable according to SANCO/3029/99 rev. 4, and are
not satisfactory to deem the method “fit-for purpose” or not.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:

LeBaron, M. J., Kan, H. L., Perala, A. W. (2011c)
Evaluation of benefin in the in vitro steroidogenesis assay
Toxicology & Environmental Research and Consulting, USA,
Report No. 101183 (DR-0397-7422-008)
Guidelines: US EPA OPPTS 890.1550 (2009)
GLP-compliance stated

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
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Reference:

CA 4.1.2/48 (CA 5.8.3/05)

The analytical method is not fully validated
according to SANCO/3029/99 rev. 4, but
considered “fit for purpose”.

Materials and methods
Samples of benefin were prepared in DMSO are vortex mixed, and diluted with toluene
before analysis.
GC-ECD at 250 °C
Method/Detector
Phenomenex Zebron ZB-5MS column (30 m × 0.25 mm, 0.25 μm film thickness).
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method. Matrix effects were observed for samples
prepared at 0.000335 mg/mL and 0.0000335 mg/mL.
The linearity of detector response was demonstrated using seven external standard soluLinearity
tions across the concentration range 0.00214 to 0.107 μg/mL. The correlation coefficient
(r) was determined to be 0.9983 (slope = 1.51×108, intercept = -1.11×105).
Quantification is performed using external standards. Analyte identity was confirmed by
Quantification/
Confirmation
retention time match with analytical standards.
Accuracy/Precision See Table B.5.1.2.3-9 below.
0.0375 mg/mL
LOQ
Principle of the
method

Results
In the following table accuracy and precision data for the determination of dose concentrations are presented.
Table B.5.1.2.3-9: Precision and accuracy data – LeBaron, M. J., Kan, H. L., Perala, A. W. (2011c)

Matrix

DMSO solution

Fortification level
(mg/mL)
0.0000375
0.000375
0.0375
11.0
Overall

Recoveries
(%)

Mean recovery
(%)

RSD
(%)

Not quantifiable due to matrix effects.
93.9, 98.2
108, 104
93.9 – 108 (4)

96.1
106
101

6.16

RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not fully validated according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”. Specificity and linearity are demonstrated, precision
and accuracy are within acceptable ranges, besides that more than two replica should been recorded to assess accuracy and precision. In the report an analytical dose confirmation check was also performed to ensure right concentrations, the results are overall acceptable, however the recovery at the suggested LOQ is somewhat low (78.3, n=2),
but considered acceptable.

Author/year:
Title:

(2011)
Benefin: Uterotrophic assay in the immature female
rat

Report No:
Guidelines:
GLP/GEP:
Reference:

Previous evaluation:
:CD(SD) Submitted for the purpose of renewal.
,

Report No. 101116
OPPTS 890.1600; OECD 440
GLP-compliance stated
(CA 5.8.3/06) (not included in the reference list)

RMS conclusion:
No method validation submitted by the applicant.
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RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The study is considered important for the toxicology assessment and should therefore have been
submitted.

Author/year:
Title:

(2012a)
Benefin: Hershberger assay in castrated adult male
rats

Report No:
Guidelines:
GLP/GEP:
Reference:

Previous evaluation:
Submitted for the purpose of renewal.
:CD(SD)
,

Report No. 101114
USEPA OPPTS 890.1400 (2009)
OECD, Guideline 441 (2009)
GLP-compliance stated
(CA 5.8.3/07) (not included in the reference list)

RMS conclusion:
No method validation submitted by the applicant.

RMS comments and conclusion
An analytical method has been used to verify dose concentrations and homogeneity. No method validation submitted
by the applicant. The study is considered important for the toxicology assessment and should therefore have been
submitted.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2012b)
Benefin: Pubertal development and thyroid function in intact juvenile/peripubertal female
:CD(SD) rats
,
Report No. 111073
US EPA OPPTS 890.1450 (2009)
GLP-compliance stated
CA 4.1.2/49 (CA 5.8.3/08)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
The included validation is not in compliance with SANCO/3029/99 rev. 4 and is
very limited. It is not possible to conclude
if the method is “fit for purpose” or not.

Materials and methods
Samples are diluted with toluene and vortex mixed. Samples are further diluted with toluene and ethalfluralin (94.8 ppm) internal standard is added. Samples are analysed.
GC-NCI/MS
Method/Detector
Phenomenex Zebron ZB-5MS column (30 m × 0.25 mm, 0.5 μm film thickness)
Column
No data provided in the report.
Specificity
No data provided in the report.
Linearity
Quantification is performed using internal standard solutions containing ethalfluralin as the
Quantification/
Confirmation
internal standard. The benefin ion m/z 335.0 is used for quantification and the ion m/z
333.0 is used to monitor ethalfluralin.
Accuracy/Precision See Table B.5.1.2.3-10 below.
6.25 mg/mL.
LOQ
Principle of the
method

Results
In the following table accuracy and precision data for the determination of dose concentrations are presented.
Table B.5.1.2.3-10: Precision and accuracy data –

(2012b)
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Matrix
Corn oil

Fortification level
(mg/mL)
6.25
18.8
75.0

Mean recovery
(%) (n)
96.2 (3)
94.6 (4)
94.6 (3)

RSD
(%)
3.2
3.8
2.4

RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not validated and acceptable according to SANCO/3029/99 rev. 4. The analytical methodology is included, but specificity and linearity are not
demonstrated. Accuracy and precision results for the dose concentrations are within acceptable ranges, but five
replica should have been recorded. Due to lack of information on calibration and specificity, moreover confirmatory
fragment for quantification of the ions, included validation data are not acceptable according to SANCO/3029/99
rev. 4, and are not satisfactory to deem the method “fit-for purpose” or not.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2012c)
Benefin: Pubertal development and thyroid function in intact juvenile/peripubertal male
:CD(SD) rats
,
Report No. 111074
US EPA OPPTS 890.1500 (2009)
GLP-compliance stated
CA 4.1.2/50 (CA 5.8.3/09)

Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
The included validation is not in compliance with SANCO/3029/99 rev. 4 and is
very limited. It is not possible to conclude
if the method is “fit for purpose” or not.

Materials and methods
Samples are diluted with toluene and vortex mixed. Samples are further diluted with toluene and ethalfluralin (94.8 ppm) internal standard is added. The samples are analysed.
GC-NCI/MS
Method/Detector
Phenomenex Zebron ZB-5MS column (30 m × 0.25 mm, 0.5 μm film thickness)
Column
No data provided in the report.
Specificity
No data provided in the report.
Linearity
Quantification is performed using internal standard solutions containing ethalfluralin as the
Quantification/
Confirmation
internal standard. The benefin ion m/z 335.0 is used for quantification and the ion m/z
333.0 is used to monitor ethalfluralin.
Accuracy/Precision See Table B.5.1.2.3-11 below.
6.25 mg/mL
LOQ
Principle of the
method

Results
In the following table accuracy and precision data for the determination of dose concentrations are presented.
Table B.5.1.2.3-11: Precision and accuracy data –

Matrix
Corn oil

Fortification level
(mg/mL)
6.25
25.0
100

(2012c)

Mean recovery
(%) (n)
97.6 (3)
94.7 (2)
96.2 (3)

RSD
(%)
2.3
4.5
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RMS comments and conclusion
The analytical method used for determination dose concentrations in this study is not validated and acceptable according to SANCO/3029/99 rev. 4. The analytical methodology is included, but specificity and linearity are not
demonstrated. Accuracy and precision results for the dose concentrations are within acceptable ranges, but five
replica should have been recorded. The study refers to a full stability and homogeneity test performed in the study
(2012a) (CA 5.8.3/07). A validation on the referred
analytical method has not been submitted. Due to lack of information on calibration and specificity, moreover
confirmatory fragment for quantification of the ions, included validation data are not acceptable according to
SANCO/3029/99 rev. 4, and are not satisfactory to deem the method “fit-for purpose” or not.

B.5.1.2.4

Methods for analysis of residues in matrices used in support of human exposure studies

No analytical method to support operator, worker, resident or bystander exposure studies are submitted in support
of the renewal of benfluralin.

B.5.1.2.5

Methods for analysis of residues in matrices used in support of residue studies

The analytical methods in support of residue studies, refer to the fully validated analytical method GRM 00.20, Van
Acker, M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K. (2002), summarised and evaluated under section B.5.2.1. The RMS asked the notifier to submit validation data for the methods,
but it was only referred to the previous mentioned method.
Procedural recoveries and validation data in the studies are evaluated by the RMS according to SANCO/3029/99
rev. 4 and the methods are treated as risk assessment methods. Despite the fact that the studies refer to
SANCO/825/00 rev. 6 (old version) for which the method GRM 00.20 is validated according too, the methods are
evaluated according to SANCO/3029/99 rev. 4 since the methods are used for risk assessment.
The procedural validation data for the studies in this section are in general considered somewhat limited, and for
some studies more than others. Despite this, in general they are considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Gillis, N. (2003)
Study to determine the stability of benfluralin residues in lettuce
following frozen storage at ca. -18 ºC for 0, 1, 6, 10 and 12 months
Agrisearch UK Ltd, UK, Report No. AD/6910/IP
Commission Directive 96/68/EC
(amending Council Directive 91/414/EC
GLP-compliance stated
CA 4.1.2/03 (CA 6.1/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.
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Method
In the study storage stability at -18 °C of benfluralin residues in lettuce were determined using the method GRM
00.20, Van Acker, M. and Nicholson, A. (2000), fully validated and summarised under section B.5.2.1, with a lowest
validated level of 0.01 mg/kg. Procedural validation data for the studies are presented in the table below.
Table B.5.1.2.5-1: Procedural validation data – Gillis, N. (2003)

Matrix

Fortification
level (mg/kg)

Lettuce (0 days)
Lettuce (1 month)
Lettuce (6 months)
Lettuce (12 months)

0.1

Recovery
(%) (n = 2)
78, 87
105, 117
106, 94
99, 106

Mean recovery
(%)

Mean RSD
(%)

Linearity

99

12.5

0.001-0.1 µg/mL*
(0.0001-0.01 mg/kg)
R2 = 0.9982

* According to the study 0.1 µg/mL is equal to 0.01 mg/kg.

Study results
The study yielded data indicating that benfluralin residues were stable in lettuce over a 12 month period at a fortification level of 0.1 mg/kg when stored at -18 °C.
RMS comments and conclusion
Procedural recoveries and validation data for the study are included in the table above. Acceptable recovery data for
the fortification level 0.1 mg/kg are presented for 0 days, 1-, 6- and 12 months, which illustrates storage stability for
the whole period of interest. Samples from 10 months failed according to the study, the results are not included since
procedural recoveries were below 70 %. The results should at least have been included for completeness purposes.
Overall precision data are within the acceptable 20 %. The samples are fortified at the concentration of interest, but
not fortified at any other concentrations. According to the study 0.1 µg/mL is equal to 0.01 mg/kg, which indicates
that the fortification level is not within the calibration curve. The study do not mention anything about dilution of
the fortification samples to fit the calibration curve, however this is mentioned as a possibility in the method GRM
00.20 and can in that case be accepted. Specificity and linearity is demonstrated. Linearity is determined using power
regression, as in method GRM 00.20. Specificity is demonstrated.
Overall the procedural validation can be considered acceptable, but not fully documented and validated according
to SANCO/3029/99 rev. 4.

Author/year:
Title:

Report No:
Guidelines:

GLP/GEP:
Reference:

Bousquet, C. (2002a)
Magnitude of the residue of benfluralin in lettuce at harvest under
open field conditions following a single application of Bonalan
EC (EF-1533), Northern Europe – 2001,
Dow AgroSciences, Report No. GHE-P-9689
Commission Directive 96/68/EC amending EC Directive
91/414/EEC and guidance for residue trial studies as described in
Lundehn (7029/VI/95 rev. 5. 22/7/97).
SANCO/825/00 rev. 6, 20/06/00
GLP-compliance stated
CA 4.1.2/04 (CA 6.3.1/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.
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Author/year:
Title:

Report No:
Guidelines:

GLP/GEP:
Reference:

Bousquet, C. (2002b)
Magnitude of the residue of benfluralin in lettuce at harvest under
open field conditions following a single application of Bonalan
EC (EF-1533), Southern Europe – 2001
Dow AgroSciences, Report No. GHE-P-9690
Commission Directive 96/68/EC amending EC Directive
91/414/EEC and guidance for residue trial studies as described in
Lundehn (7029/VI/95 rev. 5. 22/7/97).
SANCO/825/00 rev. 6, 20/06/00
GLP-compliance stated
CA 4.1.2/05 (CA 6.3.1/03)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.

Method
In the two studies GHE-P-9689 and GHE-P-9690 benfluralin residues in lettuce were determined using the method
GRM 00.20, Van Acker, M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K.
(2002), fully validated and summarised under section B.5.2.1, with a lowest validated level of 0.01 mg/kg. Procedural validation data for the studies are presented in the table below. The samples of the two studies were investigated the same day.
Table B.5.1.2.5-2: Procedural validation data – Bousquet, C. (2002a,b)

Matrix
Lettuce head

Fortification level
(mg/kg)
0.01
0.5
0.5

Recovery
(%) (n = 1)
103
107
139 *

Mean recovery
(%)
105
-

Linearity
0.001-0.05 µg/mL
(0.005-0.25 mg/kg)
R2 = 0.990

* Specimen were not included in the statistical analysis in the report as it was outside the acceptable criteria of 70-110 %.

Study results
In the trials in GHE-P-9689 no detectable residues of benfluralin were found in the harvest specimens treated with
EF-1533, neither in any untreated specimens. All values being reported as “non-detected” (ND ≤ 0.002 mg/kg).
In the trials in GHE-P-9690 no quantifiable (< LOQ) residues of benfluralin were found in the harvest specimens
treated with EF-1533. No detectable residues of benfluralin were found in any untreated specimen. All values being
reported as “non-detected” (ND ≤ 0.002 mg/kg).
RMS comments and conclusion
Procedural recoveries and validation data for the study are included in the table above, but the data do not fully
comply with SANCO/3029/99 rev. 4. Linearity and calibration is found acceptable and includes levels at LOQ,
however the number of reported samples for each fortification level is only one (should have been three), which
leads to the fact that no adequate precision, nether for the respective level nor overall, can be calculated. The overall
recovery is also not in the range 80-100 %. Further examination of the data shows that two samples on fortification
level 0.5 mg/kg were recorded, but one sample was discarded because of too high recovery. Based on the data it
cannot be concluded whether this sample actually is an outlier or if the precision is low. According to the study 0.1
µg/mL is equal to 0.01 mg/kg, and in the report it is stated that calibration solutions was made in the range 0.0011.0 µg/mL, however the calibration curve is only between 0.001-0.05 µg/mL, thus the highest fortification level is
outside of the calibration curve and cannot in that sense be validated. The study do not mention anything about
dilution of the fortification samples to fit the calibration curve, however this is mentioned in the study plan as a
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possibility if sample concentrations were outside the calibration range and can in that case be accepted. Specificity
is demonstrated.
The procedural recoveries and validation data is considered not fully acceptable according to SANCO/3029/99 rev.
4. Since the method in use was a fully validated method (GRM 00.20), and that the findings was that no residues
were detectable at LOD or quantifiable, and that an acceptable recovery (with only one replica) were recorded at the
LOQ, and specificity is demonstrated - the results and method can be treated as acceptable.

Author/year:
Title:

Report No:
Guidelines:

GLP/GEP:
Reference:

Bousquet, C. (2002c)
Magnitude of the residue of benfluralin in chicory at harvest under open field conditions following a single application of Bonalan EC (EF-1533), Northern Europe - 2001
Dow AgroSciences, Report No. GHE-P-9687
Commission Directive 96/68/EC amending EC Directive
91/414/EEC and guidance for residue trial studies as described
in Lundehn (7029/VI/95 rev. 5. 22/7/97).
SANCO/825/00 rev. 6, 20/06/00
GLP-compliance stated
CA 4.1.2/06 (CA 6.3.2/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.

Method
In the study GHE-P-9689 benfluralin residues in chicory root and top were determined using the method GRM
00.20, Van Acker, M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K. (2002),
fully validated and summarised under section B.5.2.1, with a lowest validated level of 0.01 mg/kg. Procedural validation data for the study are presented in the table below.
Table B.5.1.2.5-3: Procedural validation data – Bousquet, C. (2002c)

Fortification Recovery
level (mg/kg) (%) (n = 1)
0.01
110
Chicory
root
0.5
102
0.01
83
Chicory
top
0.2
110
Matrix

Mean recovery
(%)

Overall mean
recovery (%)

Overall
RSD (%)

Linearity
(n = 6)

101.3

12.6

0.001-0.05 µg/mL
(0.005-0.25 mg/kg)
R2 = 0.990

106
96.5

Study results
In trials EA010160 FR01 and FR02 no detectable residues of benfluralin were found in the harvest specimens treated
with EF-1533. In trials EA010160 BE01 and BE02 no quantifiable (< LOQ) residues of benfluralin were found in
the harvest specimens treated with EF-1533. No detectable residues of benfluralin were found in any untreated
specimen. All values being reported as “non-detected” (ND ≤ 0.002 mg/kg).
RMS comments and conclusion
Procedural recoveries and validation data for the study are included in the table above, but the data do not fully
comply with SANCO/3029/99 rev. 4. Linearity and calibration is found acceptable and includes levels at LOQ and
the analysis has been fortified at LOQ and higher level, however the number of reported samples for each fortification level is only one (should have been three), which leads to the fact that no adequate precision for the respective
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level can be calculated. Overall precision can somehow be treated as acceptable. In the report it is stated that calibration solutions was made in the range 0.001-1.0 µg/mL, however the calibration curve is only between 0.001-0.05
µg/mL, thus the highest fortification level for chicory root is outside of the calibration curve and cannot in that sense
be validated. The study do not mention anything about dilution of the fortification samples to fit the calibration
curve, however this is mentioned in the study plan as a possibility if sample concentrations were outside the calibration range and can in that case be accepted. Specificity is demonstrated.
The procedural recoveries and validation data are not fully acceptable according to SANCO/3029/99 rev. 4. Since
the method in use was a fully validated method (GRM 00.20), and that the findings was that no residues were
detectable at LOD or quantifiable, and that an acceptable recovery were recorded at the LOQ, and specificity is
demonstrated - the results and method can be treated as acceptable.

Author/year:
Title:

Report No:
Guidelines:

GLP/GEP:
Reference:

Bousquet, C. (2002d)
Magnitude of the residue of benfluralin in endive at harvest under
open field conditions following a single application of Bonalan
EC (EF-1533), Northern Europe – 2001
Dow AgroSciences, Report No. GHE-P-9688
Commission Directive 96/68/EC amending EC Directive
91/414/EEC and the current guidance for residue trial studies as
described in Lundehn (7029/VI/95 rev. 5. 22/7/97).
SANCO/825/00 rev. 6, 20/06/00
GLP-compliance stated
CA 4.1.2/07 (CA 6.3.3/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.

Method
In the study GHE-P-9688 benfluralin residues in endive were determined using the method GRM 00.20, Van Acker,
M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K. (2002), fully validated
and summarised under section B.5.2.1, with a lowest validated level of 0.01 mg/kg. Procedural validation data for
the study are presented in the table below.
Table B.5.1.2.5-4: Procedural validation data – Bousquet, C. (2002d)

Matrix
Endive head

Fortification level
(mg/kg)

Recovery
(%) (n = 1)

0.01

106

0.2

100

Mean recovery
(%)

Linearity

103

0.001-0.05 µg/mL
(0.005-0.25 mg/kg)
R2 = 0.990

Study results
In trials EA010161 FR01 and FR02 and EA010161 BE01 and BE02, no detectable residues of benfluralin were
found in the harvest specimens treated with EF-1533. No detectable residues of benfluralin were found in any untreated specimen. All values being reported as “non-detected” (ND ≤ 0.002 mg/kg).

RMS conclusion
Procedural recoveries and validation data for the study are included in the table above, but the data do not fully
comply with SANCO/3029/99 rev. 4. Linearity and calibration is found acceptable and includes levels at LOQ and
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the analysis has been fortified at LOQ and higher level, however the number of reported samples for each fortification level is only one (should have been three), which leads to the fact that no adequate precision for the respective
level can be calculated. Specificity is demonstrated.
The procedural recoveries and validation data are not fully acceptable according to SANCO/3029/99 rev. 4. Since
the method in use was a fully validated method (GRM 00.20), and that the findings was that no residues were
detectable at LOD, and that an acceptable recovery (with only one replica) were recorded at the LOQ, the results
and method can be treated as acceptable.

Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

Clements, B. (2002a)
Residues of benfluralin in chicory at harvest under open field conditions following a single application of Bonalan EC (EF-1533),
Northern Europe - 2000
Dow AgroSciences, Report No. GHE-P-9389R
Not reported
GLP-compliance stated
CA 4.1.2/08 (CA 6.3.2/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.

Method
In the study GHE-P-9389R benfluralin residues in chicory (roots and leaves) were determined using the method
GRM 00.20, Van Acker, M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K.
(2002), fully validated and summarised under section B.5.2.1, with a lowest validated level of 0.01 mg/kg. Procedural validation data for the study are presented in the table below.
Table B.5.1.2.5-5: Procedural validation data – Clements, B. (2002a)

Matrix

Fortification Recovery
level (mg/kg) (%) (n = 2)

Mean recovery
(%)

Chicory root

0.05

112, 115

113.5

Chicory leaf

0.20

101, 106

103.5

Overall mean
recovery (%)

Overall
RSD (%)

108.5

5.8

Linearity
(n = 6)
0.001-0.20 µg/mL
(0.005-0.25 mg/kg)
R2 = 0.9991

Study results
No residues of benfluralin were detected (ND ≤ 0.002 mg/kg) in either the treated or untreated chicory root and
leave samples from all the trials, except for trial 000242B were one root sample had a concentration < 0.01 mg/kg.
RMS comments and conclusion
Procedural recoveries and validation data for the study are included in the table above, but the data do not fully
comply with SANCO/3029/99 rev. 4. Linearity and calibration is found acceptable and includes levels at LOQ,
however the number of reported samples for each fortification level is only two (should have been three), which
leads to the fact that no adequate precision for the respective level can be calculated. Overall precision can somehow
be treated as acceptable. The analysis has been fortified at LOQ and higher level, however the different fortification
levels has also been investigated on different matrices. The recovery for both levels, and overall, are not within the
acceptable range 80-100 %. Specificity is demonstrated.
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Although the method used was a fully validated method (GRM 00.20), and that the findings was that no residues
were detectable at LOD (except for trial 000242B < LOQ), the procedural validation is not fully acceptable according to SANCO/3029/99 rev. 4, but can be considered as fit for its purpose.

Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

Clements, B. (2002b)
Previous evaluation:
Residues of benfluralin in endives at harvest under open field Submitted for the purpose of renewal.
conditions following a single application of Bonalan EC (EF- The study was assessed in the DAR for Annex I inclusion (2006). The analytical
1533), Northern Europe - 2000
method is assessed for the purpose of reDow AgroSciences, Report No. GHE-P-9390
newal and fulfilling data requirements.
Not reported
GLP-compliance stated
RMS conclusion:
CA 4.1.2/09 (CA 6.3.3/01)
The procedural recoveries and validation
data are not fully acceptable according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.

Method
In the study GHE-P-9390 benfluralin residues in endive leaves were determined using the method GRM 00.20, Van
Acker, M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K. (2002), fully
validated and summarised under section B.5.2.1, with a lowest validated level of 0.01 mg/kg. Procedural validation
data for the study are presented in the table below.
Table B.5.1.2.5-6: Procedural validation data – Clements, B. (2002b)

Matrix

Fortification level
(mg/kg)

Recovery
(%) (n = 2)

Mean recovery
(%)

RSD
(%)

Endive leaves

0.10

121, 104

112.5

10.7

Linearity
(n = 6)
0.001-0.20 µg/mL
(0.005-0.25 mg/kg)
R2 = 0.998

Study results
No residues of benfluralin were detected (ND ≤ 0.002 mg/kg) in either the treated or untreated endive samples from
both trials.
RMS comments and conclusion
Procedural recoveries and validation data for the study are included in the table above, but the data do not fully
comply with SANCO/3029/99 rev. 4. Linearity and calibration is found acceptable, however the number of reported
samples for each fortification level is only two (should have been three), which leads to the fact that no adequate
precision for the respective level can be calculated. The mean recovery is somewhat high and should have been
lower, preferably within 80-100 %. Specificity is demonstrated.
Although the method used was a fully validated method (GRM 00.20), and that the findings was that no residues
were detectable at LOD (except for trial 000242B < LOQ), the procedural validation is not fully acceptable according to SANCO/3029/99 rev. 4, but can be treated as “fit for its purpose”.
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Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

Van Acker, M. (2000)
Residues of Benfluralin in Lettuce at Harvest Under Open Field
Conditions Following a Single Application of Bonalan EC (EF1533), Northern Europe - 2000
Dow AgroSciences, UK, Report No. GHE-P-8894
Not reported
GLP-compliance stated
CA 4.1.2/10 (CA 6.3.1/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The procedural recoveries and validation
data are not fully validated according to
SANCO/3029/99 rev. 4, but can be considered “fit for purpose”.

Method
In the study GHE-P-9390 benfluralin residues in lettuce was determined using the method GRM 00.20, Van Acker,
M. and Nicholson, A. (2000), independently validated by Clements, B. and Stevenson, K. (2002), fully validated
and summarised under section B.5.2.1, with a lowest validated level of 0.01 mg/kg. Procedural validation data for
the study are presented in the table below.
Table B.5.1.2.5-7: Procedural validation data – Van Acker, M. (2000)

Matrix

Fortification level
(mg/kg)

Recovery
(%) (n = 2)

Mean recovery
(%)

RSD
(%)

Lettuce

0.5

80, 91

85.5

9.1

Linearity
(n = 6)
0.001-0.2 µg/mL
(0.005-0.25 mg/kg)
R2 = 0.998

Study results
No residues of benfluralin were detected (ND ≤ 0.002 mg/kg) in the treated samples in one trial and were below the
LOQ in the other (0.01 mg/kg). No residues of benfluralin were detected in the untreated samples.
RMS comments and conclusion
Procedural recoveries and validation data for the study are included in the table above, but the data do not fully
comply with SANCO/3029/99 rev. 4. Linearity and calibration is found acceptable, however the number of reported
samples for each fortification level is only two (should have been three), which leads to the fact that no adequate
precision for the respective level can be calculated. Specificity is demonstrated.
The fortification level it is not within the calibration curve and cannot in that sense be validated. The study do does
not mention anything about dilution of the fortification sample to fit the calibration curve, however this is mentioned
in the study plan as a possibility if sample concentrations were outside the calibration range and can in that case be
accepted. Specificity is demonstrated.
Although the method used was a fully validated method (GRM 00.20), and that the findings was that no residues
were detectable at LOD (except for trial 000242B < LOQ), the procedural validation data are considered not fully
acceptable according to SANCO/3029/99 rev. 4, but can be considered “fit for its purpose”.
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B.5.1.2.6

Methods for analysis of residues in matrices used in support of ecotoxicology studies

B.5.1.2.6.1 Methods related to risk assessment of effects on birds and other terrestrial vertebrates (KCA 8.1)
a) Annex I studies
No analytical methods submitted.
Author/year:
Title:

(1991)
The toxicity of benefin to Mallards in a one-generation reproduction study

Report No:
Guidelines:
GLP/GEP:
Reference:

Author/year:
Title:

Study no: A01090
FIFRA 71-4, OECD 206
GLP-compliance stated
CA 8.1.1.3/01a (not included in the reference list)

(1991)
The toxicity of benefin to Bobwhite in a one-generation reproduction study

Report No:
Guidelines:
GLP/GEP:
Reference:

Study no: A00690
FIFRA 71-4, OECD 206
GLP-compliance stated
CA 8.1.1.3/01b (not included in the reference list)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for An, nex I inclusion (2006). A validation of the
analytical method should have been submitted for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
No validation on analytical methodology
submitted.

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for An, nex I inclusion (2006). A validation of the
analytical method should have been submitted for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
No validation on analytical methodology
submitted.

RMS comments
An analytical method has been used in both studies, but validations of the analytical methodologies are not submitted. The studies are considered important for toxicity risk assessment towards birds and should therefore have been
submitted.

b) Renewal studies
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2014)
, Report No. 379-344
Benfluralin: A reproduction study with the Northern Bobwhite
OCSPP Number 850.2300, OECD Guideline Number 206
GLP-compliance stated
CA 4.1.2/11 (CA 8.1.1.3/03)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The analytical method is not fully validated
according to SANCO/3029/99 rev. 4.

Materials and methods
Principle of the
method
Method/Detector
Column
Specificity

Avian feed samples are extracted with ethyl acetate and analysed by gas chromatography.
GC-ECD at 320 °C
Zebron ZB-50 column (30 m × 0.53 mm, 1.00 µm film thickness)
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.
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The linearity of detector response was demonstrated using five external standard solutions
across the concentration range of 0.1 µg/mL to 0.5 µg/mL. The coefficient of determination
(R2) was determined to be 0.9957 (slope = 4091205, intercept = 68731).
Accuracy/Precision See Table 5.1.2.6.1-1
Quantification is performed using external standards. Analyte identity was confirmed by
Quantification/
Confirmation
retention time match with an analytical standard.
25 µg/mL
LOQ
Linearity

Results
In the following table validation data for determination benfluralin in avian feed are presented.
Table B.5.1.2.6.1-1: Precision and accuracy data –

Matrix
Avian feed

Fortification level
(µg/mL)
25.0
250

(2014)

Recoveries
(%) (n = 6)
99 – 116
94 – 115

Mean recovery
(%)
104.2
100.3

RSD
(%)
6.8
7.4

RMS comments and conclusion
The analytical method for the reproduction study with the Northern Bobwhite is not fully validated according to
SANCO/3029/99 rev. 4. Fortification samples were prepared at 25.0 and 250 µg/mL, and according to the study
samples with concentrations of 0-40, 80, and 160-250 (µg/mL) were diluted 10, 25, and 100 times respectively.
According to the dilution plan this corresponds to about 0.1 – 2.5 µg/mL. The fact that the calibration curve is
demonstrated between 0.1 – 0.5 µg/mL, is not in compliance with fortification levels diluted to 2.5 µg/mL, nor
samples with concentration higher than 5 µg/mL (dilution factor of 10).
Besides this, specificity and linearity are demonstrated and accuracy and precision are within acceptable ranges.
Overall, based on the recoveries and repeatability, the method looks good, however based on the information given
in the study regarding concentration of samples compared to the calibration curve, it is difficult to give a definite
conclusion if the method is considered “fit for purpose”.

Author/year: Meseguer, C. (2016)
Title:
Benfluralin – A field study to assess earthworm fauna residues following spray applications with and without soil incorporation on
arable land (France)
Report No: Eurofins Agroscience Services Chem, France,
Report No. S15-01961.
Part of Study no DA069EWR; (Bakker, F. (2016))
Guidelines: OECD ENV/JM/MONO(2002)9, SANCO/3029/99 rev. 4
GLP/GEP:
GLP-compliance stated
Reference:
CA 4.1.2/12 (CP 10.4.1.2/01)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The analytical method is considered not
fully validated according to
SANCO/3029/99 rev. 4, but deemed suitable and “fit for purpose”.

Materials and methods
Principle of the
method

Method/Detector

The earthworm samples are extracted by agitation with acetonitrile in the presence of magnesium sulfate, sodium chloride, sodium citrate dibasic sesquihydrate and sodium citrate
tribasic dihydrate. After centrifugation, the extracts are evaporated to dryness and the residues are dissolved in toluene. The samples are analysed by gas chromatography.
GC-MS
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DB5 MS UI column (30 m × 0.25 mm, 0.25 µm particle size)
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the methods.
See Table 5.1.2.6.1-2
Linearity
Accuracy/Precision See Table 5.1.2.6.1-3
Quantification is performed using external standards. The ion m/z 292 is used for quantifiQuantification/
Confirmation
cation and the ions m/z 276 and m/z 264 are used for confirmation. Analyte identity was
confirmed by retention time match with an analytical standard.
0.005 mg/kg
LOQ
Column
Specificity

Results
In the following tables validation data for determination earthworm fauna residues are presented.
Table B.5.1.2.6.1-2: Linearity data – Meseguer, C. (2016)

Matrix
Earthworm

Ion
(m/z)
292
276
264

Concentration range
(µg/mL)
0.00075 – 0.10000

Correlation coefficient
(r)
0.9997
0.9997
0.9996

Slope

Intercept

16801586
2185203
3270915

-1330
-589
284

Table B.5.1.2.6.1-3: Precision and accuracy data – Meseguer, C. (2016)

Matrix

Ion
(m/z)
292

Earthworm

276

264

Fortification level
(mg/kg)
0.005
0.05
Overall
0.005
0.05
Overall
0.005
0.05
Overall

Recoveries
(%) (n)
75 – 90 (5)
76 – 90 (5)
75 – 90 (10)
73 – 84 (5)
75 – 89 (5)
73 – 89 (10)
71 – 105 (5)
75 – 92 (5)
71 – 105 (10)

Mean recovery
(%)
83
83
83
80
82
81
85
85
85

RSD
(%)
7
7
6
5
7
6
16
9
12

RMS comments and conclusion
The analytical method used to assess earthworm fauna residues is considered not fully validated according to
SANCO/3029/99 rev. 4. Specificity and linearity are demonstrated, and accuracy and precision is found within
acceptable ranges. No relationship between mg/kg and µg/mL is given in the report. It is stated that the final extracts
are to be diluted with blank matrix extract into the calibrated concentration range if necessary, but exact values are
not included for the fortification levels, thus it is not possible to fully validate the analytical method. Despite the
lack of information regarding calibration range, the method is considered suitable and “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:

Driss, F. (2016)
Benfluralin – Storage stability study of benfluralin in earthworm
Eurofins Agroscience Services Chem, France,
Report No.: S15-05743.
OECD Guidelines for the Testing of Chemicals, Test No 506:
Stability of Pesticide Residues in Stored Commodities
GLP-compliance stated

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The analytical method is considered not
fully validated according to
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Reference:

CA 4.1.2/13 (CP 10.4.1.2/01)

SANCO/3029/99 rev. 4, but deemed suitable and “fit for purpose”.

Materials and methods
Principle of the
method

Method/Detector
Column
Specificity
Linearity

Quantification/
Confirmation
LOQ

The earthworm samples are extracted by agitation with acetonitrile in the presence of magnesium sulfate, sodium chloride, sodium citrate dibasic sesquihydrate and sodium citrate
tribasic dihydrate. After centrifugation, the extracts are evaporated to dryness and the residues are dissolved in toluene. The samples are analysed by gas chromatography.
Sample extraction and determination of residues was performed according to study S1501961 (Meseguer, C. (2016)).
GC-MS
DB5 MS UI column (30 m × 0.25 mm, 0.25 µm particle size)
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the methods.
The linearity of detector response was demonstrated using eight external standard solutions
across the concentration range of 0.00075 µg/mL to 0.1 µg/mL. The coefficient of determination (R2) was determined to be 0.9999 (slope = 18964084, intercept = 1074).
Quantification is performed using external standards. The ion m/z 292 is used for quantification and the ions m/z 276 and m/z 264 are used for confirmation. Analyte identity was
confirmed by retention time match with an analytical standard.
0.005 mg/kg (Meseguer, C. (2016)).

Results
In the following table validation data for the study of storage stability of benfluralin in earthworm are presented.
Table B.5.1.2.6.1-4: Precision and accuracy data – Driss, F. (2016)

Matrix

Earthworm

Fortification level
(mg/kg)
0.05
Overall

Recoveries
(%) (n)
79, 76, 76 (3)
(day 0)
74, 81 (3)
(day 219, 7 months)
74 – 81 (5)

Mean recovery
(%)

RSD
(%)

77

2.3

76

6.4

77

8

RMS comments and conclusion
The analytical method used to assess storage stability study of benfluralin in earthworm is considered not fully
validated according to SANCO/3029/99 rev. 4. Specificity and linearity are demonstrated, however recovery data
are not within acceptable ranges, though with acceptable precision. No relationship between mg/kg and µg/mL is
given in the report. It is stated that the final extracts are to be diluted with blank matrix extract into the calibrated
concentration range if necessary, but exact values are not included for the fortification level. Despite low recovery
and the lack of information regarding calibration range, the method is considered “fit for purpose”. Sample extraction and determination of residues was performed according to study S15-01961 (Meseguer, C. (2016)).
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B.5.1.2.6.2 Methods related to risk assessment of toxicity to aquatic organisms (KCA 8.1)
a) Annex I studies
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1985)
The acute toxicity of benefin (EL-110, Compound 54521) to
rainbow trout Salmo gairdneri in a static-renewal test system
, Report No. 39946, Study No.
F00185
US EPA 1982 Pesticide Assessment Guidelines
GLP-compliance stated
CA 4.1.2/14 (CA 8.2.1/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully validated according to SANCO/
3029/99 rev. 4, however the method can be
considered “fit for purpose”.

Materials and methods
Test solution samples are dissolved in a mixture of methanol and water then extracted with
dichloromethane and concentrated in toluene.
GC-ECD at 300 °C
Method/Detector
5 % Carbowax 20M on Chromosorb W-HP 80/100 mesh in 120 cm × 2 mm i.d. column
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using external standard solutions
Linearity
across the concentration range of 0.005 µg/mL to 0.3 µg/mL.
Calibration curve and correlation coefficient is not given.
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-1 below
Not addressed
Extraction
efficiency
0.01 ppm
LOQ
Principle of the
method

Results
In the following table validation data for determination acute toxicity of benfluralin to rainbow trout Salmo gairdneri
are presented.
Table B.5.1.2.6.2-1: Precision and accuracy data –

Matrix

Test solution

Fortification level
(ppm)
0.005
0.01
0.1
1.0
10.0
100.0

(1985)

Recoveries
(%) (n)
86 – 157 (9)
105 – 111 (9)
106 – 117 (9)
90 – 106 (9)
96 – 103 (9)
90 – 104 (9)

Mean recovery
(%)
114
108
110
100
101
99

RSD
(%)
20
2
3
4
2
4

RMS comments and conclusion
The validation data for the fortification levels has been recorded in triplicate three times over a three day period. In
the study, the LOD (limit of detection) was set to 0.0005, and the LOQ (limit of reliable quantification (LORQ))
was set to be at 0.001 ppm, but the validation data for this level is not acceptable according to SANCO/3029/99 rev.
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4. The lowest fortified level with acceptable recovery and precision is 0.01 ppm and should therefore be the LOQ.
Despite the correction of LOQ, the findings of the study is supported by the validation data.
Since calibration curve and correlation coefficient is not given, the method cannot be fully validated according to
SANCO/3029/99 rev. 4, however the method can be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(1990a)
(Benefin) – Acute toxicity to sheepshead minnow (Cyprinodon
variegatus) under flow-through conditions
, Report No. 90-8-3416,
Study No. 39952
Guideline 72-3
GLP-compliance stated
CA 4.1.2/15 (CA 8.2.4.2/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully validated according to SANCO/
3029/99 rev. 4, however the method is considered “fit for purpose”.

Materials and methods
Methanol is added to the test samples to prevent losses onto the glassware, and the samples
are cleaned up using C18 solid phase extraction (SPE). Iso-octane is added to the samples
and rotary evaporated to approximately 1 mL. The samples are further brought to final
volume in hexane before analysis. In cases were the concentrations of the samples was to
high dilution of the samples was done prior to analysis.
GC-ECD at 300 °C
Method/Detector
DB-17 WCOT column (15 m × 0.53 mm, 1.0 µm film thickness).
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
Calibration curve were prepared using five external standard solutions across the concenLinearity
tration range of 5 µg/L to 100 µg/L (0.005 to 0.1 mg/L). The correlation coefficient was
determined to be 0.994935.
Samples were quantified against a calibration curve constructed from standards analysed
Quantification/
Confirmation
before and after the unknown sample set.
Besides calibration curve, no confirmatory method or method for specific identification of
analyte is mentioned in the study.
Precision/Accuracy See Table B.5.1.2.6.2-2 below
Not addressed
Extraction
efficiency
0.005 mg/L
LOQ
Principle of the
method

Results
In the following table validation data for determination of acute toxicity of benfluralin to sheepshead minnow (Cyprinodon variegatus) are presented. The validation data are also applicable for determination of acute toxicity of
benfluralin to Mysid Shrimp (Mysidopsis bahia) (Sousa, J. V. (1990b)) and Eastern Oysters (Crassostrea virginica)
(Dionne, E. (1990)) that are presented below this study.
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Table B.5.1.2.6.2-2: Precision and accuracy data –

Fortification level
(mg/L)
0.005
0.05
0.20
2.00
5.00
15.0
Overall

Matrix

Seawater

(1990a)

Recoveries
(%) (n)
100 – 101 (3)
96.9 – 103 (3)
100 – 103 (2)*
94.8 – 97.6 (3)
90.3 – 93.3 (3)
79.8 – 83.4 (3)
79.8 – 103 (17)

Mean recovery
(%)
100.3
99.2
101.5
96.4
92.2
81.8
94.9

RSD
(%)
0.6
3.3
2.1
1.5
1.8
2.2
7.5

* One sample were excluded from statistical calculations in the study. Rejected as a gross outlier using Chauvenet’s criterion.

RMS comments and conclusion
The analytical method prepared for determination of acute toxicity of benfluralin to sheepshead minnow (Cyprinodon variegatus) (

(1990a)), Mysid Shrimp (Mysidopsis bahia) (Sousa, J. V. (1990b)) and Eastern Oysters

(Crassostrea virginica) (Dionne, E. (1990)) is old, but however meets most of the requirements for validation according to SANCO/3029/99 rev. 4. Fortified samples was prepared for many concentrations, however only three
samples were recorded for determination of precision (should have been five). The lowest fortification level is not
within 20 % of the calibration area and the highest fortification level is not within. No information regarding dilution/concentration of the fortification samples to fit the calibration curve is included, and in that sense it is not fully
in accordance with SANCO/ 3029/99 rev. 4.
Overall the method can however be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Sousa, J. V. (1990b)
Acute toxicity to Mysid Shrimp (Mysidopsis bahia) under flowthrough conditions
Springborn Laboratories Inc., USA, Report No. 90-06-3343,
Study No. 39964.
Guideline 72-3
GLP-compliance stated
CA 4.1.2/16 (CA 8.2.4.2/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.

Dionne, E. (1990)
(Benefin) – Acute toxicity to Eastern Oysters (Crassostrea virginica) under flow-through conditions,
Springborn Laboratories Inc., USA, Report No. 90-07-3355,
Study No. 39962.
Guideline 72-3
GLP-compliance stated
CA 4.1.2/17 (CA 8.2.4.2/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.

RMS conclusion:
See method validation for
(1990a) (CA 4.1.2/15) above. The method
is considered “fit for purpose”.

RMS conclusion:
See method validation for
(1990a) (CA 4.1.2/15) above. The method
is considered “fit for purpose”.

RMS comment and conclusion
The analytical method used in these studies is the same as in

(1990a) (CA 4.1.2/15) above. The studies

has been performed in the same lab, at the same time and with same conditions, the validation data in Table
B.5.1.2.6.2-2 is therefore also applicable for this study, and can be considered “fit for purpose”.
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Author/year:
Title:

(2003a)
Acute toxicity of benfluralin technical to rainbow trout (Oncorhyncus mykiss) in a 96-hour static test

Report No:

Guidelines:
GLP/GEP:
Reference:

, Lab Report No. GHE T-1217, Project:
13068230A
OECD No. 203, 1992
GLP-compliance stated
CA 4.1.2/18 (CA 8.2.1/04)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully validated according to SANCO/
3029/99 rev. 4, however the method is considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase
Specificity

Samples are diluted with test water and analysed.

HPLC-UV at 270 nm.
Ultrasep ES RP18 column (250 mm × 4 mm).
Isocratic elution with a mobile phase of acetonitrile/water (75:25, v/v).
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using external standard solutions
Linearity
across the concentration range of 0.25 mg/L to 25 mg/L. The correlation coefficient was
determined to be 0.9997 (slope = 28212, intercept = 1188).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-3 below
1 mg/L
LOQ
Results
In the following table validation data for determination of acute toxicity to rainbow trout (Oncorhyncus mykiss) are
presented.
Table B.5.1.2.6.2-3: Precision and accuracy data –

Matrix

Test media

Fortification level
(mg/L)
1
4
25
Overall

(2003a)

Recoveries
(%) (n = 3)
98, 105, 109
88, 88, 90
100, 101, 102
88 – 109

Mean recovery
(%)
104
88.7
101
97.9

RSD
(%)
5.4
1.3
1.0
7.8

RMS comments and conclusion
The analytical method for determination of acute toxicity to rainbow trout (Oncorhyncus mykiss) is not fully validated according to SANCO/3029/99 rev. 4, only three samples were recorded on each fortification level (should
have been five). Besides this, fortified samples are within the calibration curve (determined with a dilution factor of
2), specificity and linearity was demonstrated and acceptable accuracy and precision was demonstrated despite the
limited number of samples.
The method is considered “fit for purpose”.
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Author/year:
Title:

(2003b)
Acute toxicity of benfluralin technical to zebra fish (Brachydanio rerio) in a 96-hour static test,

Report No:

Guidelines:
GLP/GEP:
Reference:

, Lab Report No: GHE T-1219. Project:
13068230A.
OECD No. 203, 1992
GLP-compliance stated
CA 4.1.2/51 (CA 8.2.1/04)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully validated according to SANCO/
3029/99 rev. 4, however the method is considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase
Specificity

Samples are diluted with test water and analysed.

HPLC-UV at 270 nm.
Ultrasep ES RP18 column (250 mm × 4 mm).
Isocratic elution with a mobile phase of acetonitrile/water (75:25, v/v).
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using external standard solutions
Linearity
across the concentration range of 0.25 mg/L to 30 mg/L. The correlation coefficient was
determined to be 0.9994 (slope = 27747, intercept = 3717).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-4 below
1 mg/L
LOQ
Results
In the following table validation data for determination of acute toxicity to zebra fish (Brachydanio rerio) in a 96hour static test, are presented.

Table B.5.1.2.6.2-4: Precision and accuracy data –

Matrix

Test media

Fortification level
(mg/L)
4.6
46
100
Overall

(2003b)

Recoveries
(%) (n = 3)
85, 89, 94
94, 97, 97
102, 95,105
85 - 105

Mean recovery
(%)
89.3
96.0
100.7
96.0

RSD
(%)
5.0
1.8
5.1
6.0

RMS comments and conclusion
The analytical method for determination of acute toxicity to zebra fish (Brachydanio rerio) is not fully validated
according to SANCO/3029/99 rev. 4, only three samples were recorded on each fortification level (should have been
five). Besides this, fortified samples are within the calibration curve (determined with a dilution factor of 2 and 4),
specificity and linearity were demonstrated, and acceptable accuracy and precision were demonstrated despite the
limited number of samples.
The method is considered “fit for purpose”.
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Author/year:
Title:

(2001a)
Trifluralin metabolite TR-6: An acute toxicity study with the
rainbow trout, Oncorhynchus mykiss Walbaum

Report No:
, Report No. 011092
Guidelines:
GLP/GEP:
Reference:

OECD No. 203
GLP-compliance stated
CA 4.1.2/19 (CA 8.2.1/06)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully acceptable according to
SANCO/3029/ 99 rev. 4, but can be considered “fit for purpose”.

Materials and methods
Samples are transferred to autosampler vials and analysed by high performance liquid chromatography.
HPLC-UV at 254 nm.
Method/Detector
YMC ODS-AQ column (50 mm × 3.0 mm, 5 µm particle size).
Column
Isocratic elution with a mobile phase of water + 0.5 % acetic acid/acetonitrile + 0.5 % acetic
Mobile phase
acid (60:40 v/v).
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method. Controls were performed demonstrating
that LDW and DMF was not detected at ten times below LOQ.
The linearity of detector response was demonstrated using four external standard solutions
Linearity
across the concentration range of 0.0122 mg/L to 2.05 mg/L. The coefficient of determination (R2) was determined to be 0.9999 (slope = 967067, intercept = -193.14).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-4 5 below
0.117 mg/L.
LOQ
Principle of the
method

Results
In the following table validation data for determination of acute toxicity of trifluralin metabolite TR-6 to rainbow
trout, Oncorhyncus mykiss, Walbaum are presented.
Table B.5.1.2.6.2-4 5: Precision and accuracy data –

Matrix

Test media

(2001a)

Recoveries (%) (n = 1) *
Day 0
Day 4
109**
83.0
109
82.0
107
76.9
108
84.6
105
85.6
109**
96.7
Overall
107-109
76.9-96.7

Fortification level
(mg/L)

Mean recovery
(%) (in total)

RSD
(%)

0.117
0.194
0.324
0.540
0.900
1.50

96.0
95.5
92.3
96.1
95.3
103
96.3

19.2
20.0
23.1
17.2
14.4
8.5
13.4

* Two injections per sample, each value for each sample is the mean of the two injections with a negligible deviation.
** The study report claims that eight repeated measurements (four samples × two injections) was performed on the respective levels yielded
percent RSD values of 3.336 % and 0.439 % from the lowest and the high-level concentrations, respectively.
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RMS comments and conclusion
The analytical method for determination of acute toxicity of the trifluralin metabolite TR-6 to rainbow trout (Oncorhyncus mykiss) is not fully acceptable according to SANCO/3029/99 rev. 4. According to the SANCO “recoveries should be conducted with untreated samples to which a known quantity of analyte is added and the whole sample
analysed to reduce sampling error. The results should be compared to the ‘known’ analyte content of the sample”.
It is to understand that the accuracy and precision of this study has in principle been investigated by combining
values of samples from day 0 and 4 of the test solution (static conditions), no separate validation of untreated samples
has been performed. However, the study intend to demonstrate acceptable recovery and precision based on four
samples (at day 0) at lowest and highest concentration level of the test solution with an RSD of 3.336 % and 0.439
% respectively (results of the different samples are not given). In addition specificity, linearity (n = 4) and a calibration curve fitting the concentration levels is submitted.
The method can be considered “fit for purpose”, but not fully in accordance with SANCO/3029/99 rev. 4.
Author/year:
Title:

(2001b)
Trifluralin metabolite TR-15: An acute toxicity study with the
rainbow trout, Oncorhynchus mykiss Walbaum,

Report No:
, Report No. 011106
Guidelines:
GLP/GEP:
Reference:

OECD No. 203
GLP-compliance stated
CA 4.1.2/20 (CA 8.2.1/07)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not acceptable according to SANCO/3029/
99 rev. 4, but can be considered “fit for purpose”.

Materials and methods
Samples are diluted with acetonitrile and analysed by high performance liquid chromatography.
HPLC-UV at 285 nm
Method/Detector
YMC ODS-AQ column (50 mm × 3.0 mm, 5 µm particle size)
Column
Isocratic elution with a mobile phase of water + 0.5 % acetic acid/acetonitrile + 0.5 %
Mobile phase
acetic acid (60:40 v/v).
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method. Controls were performed demonstrating
that LDW and DMF was not detected at ~hundred times below LOQ.
The linearity of detector response was demonstrated using four external standard solutions
Linearity
across the concentration range of 0.0742 mg/L to 14.9 mg/L. The coefficient of determination (R2) was determined to be 1 (slope = 162049, intercept = -1652.1).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-56 below
1.01 mg/L.
LOQ
Principle of the
method

Results
In the following table validation data for determination of acute toxicity of trifluralin metabolite TR-15 to rainbow
trout, Oncorhyncus mykiss, Walbaum are presented.
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Table B.5.1.2.6.2-56: Precision and accuracy data –

(2001b)

Recoveries (%) (n = 1) *
Day 0
Day 4
105*
100
102
104
102
100
101
98.9
101
98.3
101*
99.2
Overall
101-105
98.3-104

Matrix

Fortification level
(mg/L)

Mean recovery
(%)

RSD
(%)

Test media

1.01
1.68
2.81
4.68
7.80
13.0

102.5
103.0
101.0
100.0
99.7
100.1
101.0

3.4
1.4
1.4
1.5
1.9
1.3
2.0

* Two injections per sample, each value for each sample is the mean of the two injections with a negligible deviation.
** The study report claims that eight repeated measurements (four samples × two injections) was performed on the respective levels yielded
percent RSD values of 3.87 % and 0.544 % from the lowest and the high-level concentrations, respectively.

RMS comments and conclusion
The analytical method for determination of acute toxicity of the trifluralin metabolite TR-6 to rainbow trout (Oncorhyncus mykiss) is not acceptable according to SANCO/3029/99 rev. 4. According to the SANCO “recoveries
should be conducted with untreated samples to which a known quantity of analyte is added and the whole sample
analysed to reduce sampling error. The results should be compared to the ‘known’ analyte content of the sample”.
It is to understand that the accuracy and precision of this study has in principle been investigated by combining
values of samples from day 0 and 4 of the test solution (static conditions), no separate validation of untreated samples
has been performed. However, the study intend to demonstrate acceptable recovery and precision based on four
samples (at day 0) at lowest and highest concentration level of the test solution with an RSD of 3.87 % and 0.544 %
respectively (results of the different samples are not given). In addition specificity, linearity (n = 4) and a calibration
curve fitting the concentration levels is submitted (dilution factor of 1.25).
The method can be considered “fit for purpose”, but not fully in accordance with SANCO/3029/99 rev. 4.
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Hertl, J. and Breitwieser, H. (2003c)
Acute toxicity of benfluralin technical to Daphnia magna in a
48-hour immobilisation test
Institut für Biologische Analytik und Consulting IBACON
GmbH, Germany, Report No. 13066220
OECD No. 202, 1984
GLP-compliance stated
CA 4.1.2/21 (CA 8.2.4.1/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully validated according to SANCO/
3029/99 rev. 4, however the method is considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Mobile phase
Column
Mobile phase
Specificity

Samples are diluted with acetonitrile if necessary and analysed by high performance liquid
chromatography
HPLC-UV/VIS at 270 nm
75 % acetonitrile / 25 % water (HPLC-grade)
Ultrasep ES RP18 column (250 mm × 4 mm)
Isocratic elution with a mobile phase of acetonitrile/water (75:25 v/v)
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.

RMS: NO
Co-RMS: NL
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The linearity of detector response was demonstrated using eight external standard solutions
across the concentration range of 1 mg/L to 30 mg/L. The correlation coefficient I was
determined to be 0.9982 (slope = 27465, intercept = -8021).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-67 below
20 mg/L
LOQ
Linearity

Results
In the following table validation data for determination of acute toxicity of benfluralin to Daphnia magna are presented.
Table B.5.1.2.6.2-67: Precision and accuracy data – Hertl, J. and Breitwieser, H. (2003c)

Fortification level
(mg/L)
20
40
100
Overall

Matrix

Test media

Recoveries
(%) (n)
96, 101 (2)
100, 104 (2)
103, 103, 105, 105 (4) *
96 – 105 (8)

Mean recovery
(%)
98.5
102
104
102.1

RSD
(%)
3.6
2.8
1.1
3.0

* Only one extra replica of each sample.

RMS comments and conclusion
The analytical method for determination of acute toxicity to Daphnia magna is not fully validated according to
SANCO/3029/99 rev. 4. Only two samples were recorded on each fortification level (should have been five). Besides
this, fortified samples are within the calibration curve (determined with a dilution factor of 4), specificity and linearity was demonstrated and acceptable accuracy and precision was demonstrated despite the limited number of
samples.
The method is considered “fit for purpose”.
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Marino, T. A., et al. (2001c)
Trifluralin metabolite TR-6: An acute toxicity study with the
Daphnid, Daphnia magna Straus
Toxicology & Environmental Research and Consulting,
The Dow Chemical Company, USA, Report No. 011093.
OECD No. 202, 1984
GLP-compliance stated
CA 4.1.2/22 (CA 8.2.4.1/02)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The method is not validated according to
SANCO/3029/99 rev. 4, but the method can
be considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase

Samples are diluted with acetonitrile and analysed by high performance liquid chromatography
HPLC-UV at 254 nm
YMC ODS-AQ column (50 mm × 3.0 mm, 5 µm particle size)
Isocratic elution with a mobile phase of water + 0.5 % acetic acid/acetonitrile + 0.5 % acetic
acid (60:40 v/v).

RMS: NO
Co-RMS: NL
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No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method. Controls were performed demonstrating
that LDW and DMF was not detected at ~ten times below LOQ.
The linearity of detector response was demonstrated using four external standard solutions
Linearity
across the concentration range of 0.0502 mg/L to 10.1 mg/L. The coefficient of determination (R2) was determined to be 0.9997 (slope = 328804, intercept = -14535).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-78 below
0.778 mg/L.
LOQ
Specificity

Results
In the following table validation data for determination of acute toxicity of trifluralin metabolite TR-6 to Daphnia
magna are presented.
Table B.5.1.2.6.2-78: Precision and accuracy data – Marino, T. A., et al. (2001c)

Matrix

Test media

Fortification level
(mg/L)
0.778
1.30
2.16
3.60
6.00
10.0
Overall

Recoveries (%) (n = 1)
Day 0
Day 2
97.2
96.8
96.2
97.7
94.0
94.9
96.7
98.1
89.7
94.2
79.6
81.7
79.6-97.2
81.7-98.1

Mean recovery
(%)
97.0
97.0
94.5
97.4
92.0
80.7
93.1

RSD
(%)
0.3 *
1.1
0.7
1.0
3.5
1.8 *
6.7

* The study report claims that eight repeated measurements (four samples × two injections) was performed on the respective levels yielded
percent RSD values of 0.940 % and 10.9 % from the lowest and the high-level concentrations, respectively.

RMS comments and conclusion
The analytical method for determination of acute toxicity of the trifluralin metabolite TR-6 to Daphnia magna is
not fully validated according to SANCO/3029/99 rev. 4. The study asserts that the precision of the study was calculated by recording three additional samples including the relevant sample on day 0 from bulk dose solutions at target
concentrations of 0.778 mg/L and 10.0 mg/L. Results of the different samples are not given besides the overall RSD
values of 0.940 % and 10.9 % at respective levels. In principle, the accuracy and precision of this study has been
reported in the same manner as for

(2001a-b) by combining values of samples from day 0 and

2 of the test solution. No separate validation has been performed beside that extra recovery and precision data has
been determined from the bulk dose solutions at the LOQ and highest test concentration. Specificity, linearity (n =
4) and a calibration curve fitting the concentration levels is submitted (dilution factor of 1.25).
The method can be considered “fit for purpose”, but not fully in accordance with SANCO/3029/99 rev. 4.

Author/year:
Title:
Report No:
Guidelines:

Marino, T. A., et al. (2001d)
Trifluralin metabolite TR-15: An acute toxicity study with the
Daphnid, Daphnia magna Straus
Toxicology & Environmental Research and Consulting, The
Dow Chemical Company, USA, Report No. 011105.
OECD No. 202, 1984

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
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GLP/GEP:
Reference:

GLP-compliance stated
CA 4.1.2/23 (CA 8.2.4.1/03)

RMS conclusion:
The method is not validated according to
SANCO/3029/99 rev. 4, but the method can
be considered “fit for purpose”.

Materials and methods
Samples are diluted with acetonitrile and analysed by high performance liquid chromatography
HPLC-UV at 285 nm
Method/Detector
YMC ODS-AQ column (50 mm × 3.0 mm, 5 µm particle size)
Column
Isocratic elution with a mobile phase of water + 0.5 % acetic acid/acetonitrile + 0.5 % acetic
Mobile phase
acid (60:40 v/v).
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method. Controls were performed demonstrating
that LDW and DMF was not detected at ~ten times below LOQ.
The linearity of detector response was demonstrated using four external standard solutions
Linearity
across the concentration range of 0.0984 mg/L to 16.9 mg/L. The coefficient of determination (R2) was determined to be 0.9997 (slope = 328804, intercept = -14535).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-89 below
1.56 mg/L
LOQ
Principle of the
method

Results
In the following table validation data for determination of acute toxicity of trifluralin metabolite TR-15 to Daphnia
magna are presented.
Table B.5.1.2.6.2-89: Precision and accuracy data – Marino, T. A., et al. (2001d)

Matrix

Test media

Fortification level
(mg/L)
1.56
2.59
4.32
7.20
12.0
20.0
Overall

Recoveries (%) (n = 1)
Day 0
Day 2
91.7
108
103
108
103
108
105
107
103
106
93.5
99.0
91.7-105
99.0-108

Mean recovery
(%)
99.9
105.5
105.5
106.0
104.5
96.3
102.9

RSD
(%)
11.5 *
3.4
3.4
1.3
2.0
4.0 *
5.4

* The study report claims that eight repeated measurements (four samples × two injections) was performed on the respective levels yielded
percent RSD values of 4.41 % and 4.51 % from the lowest and the high-level concentrations, respectively.

RMS comments and conclusion
The analytical method for determination of acute toxicity of the trifluralin metabolite TR-615 to Daphnia magna is
not fully validated according to SANCO/3029/99 rev. 4. The study asserts that the precision of the study was calculated by recording three additional samples including the relevant sample on day 0 from bulk dose solutions at target
concentrations of 1.56 mg/L and 20.0 mg/L. Results of the different samples are not given besides the overall RSD
values of 4.41 % and 4.51 % at respective levels. In principle, the accuracy and precision of this study has been
reported in the same manner as for

(2001a-b) by combining values of samples from day 0 and
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2 of the test solution. No separate validation has been performed beside that extra recovery and precision data has
been determined from the bulk dose solutions at the LOQ and highest test concentration. The highest fortification
level is however not within 20 % of the calibrated area (dilution factor of 1.25). Specificity, linearity (n = 4) and a
calibration curve fitting the concentration levels is submitted.
The method can be considered “fit for purpose”, but not fully in accordance with SANCO/3029/99 rev. 4.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Hertl, J. and Breitwieser, H. (2003d)
Toxicity of benfluralin technical to Pseudokirchneriella subcapitata in an algal growth inhibition test
Institut für Biologische Analytik und Consulting IBACON
GmbH, Germany, Report No. 13063210.
OECD No. 201, 1984 and C.3, 1992
GLP-compliance stated
CA 4.1.2/24 (CA 8.2.6.1/01)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
Not fully validated according to SANCO/
3029/99 rev. 4, however the method is considered “fit for purpose”.

Materials and methods
Samples are diluted with acetonitrile if necessary and analysed by high performance liquid
chromatography
HPLC-UV/VIS at 270 nm
Method/Detector
75 % acetonitrile / 25 % water (HPLC-grade)
Mobile phase
Ultrasep ES RP18 column (250 mm × 4 mm)
Column
Isocratic elution with a mobile phase of acetonitrile/water (75:25, v/v)
Mobile phase
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using eight external standard solutions
Linearity
across the concentration range of 1 mg/L to 30 mg/L. The correlation coefficient was determined to be 0.9994 (slope = 27320, intercept = -3439).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-910 below
20 mg/L
LOQ
Principle of the
method

Results
In the following table validation data for determination of acute toxicity to Pseudokirchneriella subcapitata are
presented.
Table B.5.1.2.6.2-910: Precision and accuracy data – Hertl, J. and Breitwieser, H. (2003d)

Matrix
Test media

Fortification level
(mg/L)
20
100
Overall

* Two replica for each sample

RMS comments and conclusion

Recoveries
(%) (n = 2)*
98, 101, 96, 101
101, 102, 105, 104
96 – 105

Mean recovery
(%)
99
103
101

RSD
(%)
2.5
1.8
2.9

RMS: NO
Co-RMS: NL
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The analytical method for determination of acute toxicity to Pseudokirchneriella subcapitata is not fully validated
according to SANCO/3029/99 rev. 4. Only two samples (two replica each) were recorded on each fortification level
(should have been five samples), and the other fortification levels are within the calibration curve (dilution factor of
4) but the highest levels is not within 20 % of the calibrated area. Besides this, specificity and linearity was demonstrated, and acceptable accuracy and precision was demonstrated for the LOQ with despite the limited number of
samples.
The method is considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Hertl, J. and Breitwieser, H. (2003e)
Previous evaluation:
Toxicity of benfluralin technical to Anabaena flos-aquae in an Submitted for the purpose of renewal.
The study was assessed in the DAR for Analgal growth inhibition test,
nex I inclusion (2006). The analytical
Institut für Biologische Analytik und Consulting IBACON
method is assessed for the purpose of reGmbH, Germany, Report No. 13064210.
newal and fulfilling data requirements.
OECD No. 201, 1984 and C.3, 1992
GLP-compliance stated
RMS conclusion:
CA 4.1.2/52 (CA 8.2.6.2/01)
Not fully validated according to SANCO/
3029/99 rev. 4, however the method is considered “fit for purpose”.

Materials and methods
Principle of the method Samples are diluted with acetonitrile if necessary and analysed by
high performance liquid chromatography.
HPLC-UV/VIS at 270 nm
Method/Detector
75 % acetonitrile / 25 % water (HPLC-grade)
Mobile phase
Ultrasep ES RP18 column (250 mm × 4 mm)
Column
Isocratic elution with a mobile phase of acetonitrile/water (75:25, v/v)
Mobile phase
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using seven external standard soluLinearity
tions across the concentration range of 1 mg/L to 30 mg/L. The correlation coefficient was
determined to be 1 (slope = 28211, intercept = -352).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-11 below
4.6 mg/L
LOQ
Principle of the
method

Results
In the following table validation data are presented for determining toxicity of benfluralin technical to Anabaena
flos-aquae in an algal growth inhibition test.
Table B.5.1.2.6.2-11: Precision and accuracy data – Hertl, J. and Breitwieser, H. (2003e)

Matrix

Test media

Fortification level
(mg/L)
4.6
40
46
100
Overall

Recoveries
(%) (n)
93, 95
101, 103
97, 97
94, 103, 95, 107
93 – 107 (10)

Mean recovery
(%)
94.0
102
97.0
99.8
98.5

RSD
(%)
6.3
4.8

RMS: NO
Co-RMS: NL
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RMS comments and conclusion
The analytical method for determination of toxicity to Anabaena flos-aquae in an algal growth inhibition test is not
fully validated according to SANCO/3029/99 rev. 4, only two samples were recorded for the lowest fortification
level (should have been five). Besides this, fortified samples are within the calibration curve (determined with a
dilution factor of 2 and 4), specificity and linearity were demonstrated, and acceptable accuracy and precision were
demonstrated despite the limited number of samples.
The method is considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Henry, K. S., et al. (2002)
Trifluralin metabolite TR-6: Growth inhibition test with the
freshwater green alga, Selenastrum capricornutum Printz
Toxicology & Environmental Research and Consulting, The
Dow Chemical Company, USA, Report No. 011101.
OECD No. 201, Method C.3.
GLP-compliance stated
CA 4.1.2/25 (CA 8.2.6.1/02a)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
The method is not validated according to
SANCO/3029/99 rev. 4, but the method can
be considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase

Samples are directly analysed by high performance liquid chromatography

HPLC-UV at 254 nm
YMC ODS-AQ column (50 mm × 3.0 mm, 5 µm particle size)
Isocratic elution with a mobile phase of water + 0.5 % acetic acid/acetonitrile + 0.5 %
acetic acid (60:40, v/v).
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using four external standard solutions
Linearity
across the concentration range of 0.0103 mg/L to 3.04 mg/L. The coefficient of determination (R2) was determined to be 1 (slope = 69725, intercept = -129.14).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-1012 below
0.0780 mg/L
LOQ
Results
In the following table validation data for determination of acute toxicity of trifluralin metabolite TR-6 to green alga
Selenastrum capricornutum Printz are presented.
Table B.5.1.2.6.2-1012: Precision and accuracy data – Henry, K. S., et al. (2002)

Matrix
Test media

Fortification level
(mg/L)
0.078
0.156
0.313

Recoveries (%) (n = 1)
Day 0
Day 4 *
84.4**
81.4
113
87.2
98.7
92.7

Mean recovery
(%)
82.9
100.1
95.7

RSD
(%)
2.6
18.2
4.4

RMS: NO
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Fortification level
(mg/L)
0.625
1.25
2.50
5.00
10.00
Overall

Matrix

Recoveries (%) (n = 1)
Day 0
Day 4 *
100
95.8
96.0
91.2
96.4
95.6
92.6
99.0
53.1**
58.0
53.1 - 100 58.0 - 99.0

Mean recovery
(%)
97.9
93.6
96.0
95.8
55.6
89.7

RSD
(%)
3.0
3.6
0.6
4.7
6.2
16.9

* Three injections per sample, each value for each sample is the mean of the two injections with a negligible deviation.
** The study report claims that eight repeated measurements (four samples × two injections) was performed on the respective levels yielded
percent RSD values of 0.637 % and 4.07 % from the lowest and the high-level concentrations, respectively.

RMS comments and conclusion
The analytical method for determination of acute toxicity of the trifluralin metabolite TR-6 to Selenastrum capricornutum Printz is not fully validated according to SANCO/3029/99 rev. 4. The study asserts that the precision of
the study was calculated taking by four samples on day 0 from bulk dose solutions at target concentrations of 0.078
mg/L and 10.0 mg/L. Results of the different samples are not given besides the mean RSD values of 0.637 % and
4.07 % at respective levels. In principle, the accuracy and precision (given in table above) of this study has been
calculated by combining values of samples from day 0 and 2 of the test solution. No separate validation has been
performed beside that extra recovery and precision data has been determined from the bulk dose solutions at the
LOQ and highest test concentration. The highest fortification level is not inside the calibrated area and the recovery
is not acceptable. Specificity, linearity (n = 4) and a calibration curve fitting the lowest fortification levels is submitted, and the recovery and precision are considered acceptable.
The method can be considered “fit for purpose”, but not fully in accordance with SANCO/3029/99 rev. 4.
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Marino T. A., et al. (2001e)
Trifluralin metabolite TR-15: Growth inhibition test with the
freshwater green alga, Selenastrum capricornutum, Printz
Toxicology & Environmental Research and Consulting,
Report No. 011102
OECD Guideline 201 (1984): Alga, Growth Inhibition Test,
92/69/EEC, C.3 (1992) and US EPA FIFRA 123-2
GLP-compliance stated
CA 4.1.2/53 (CA 8.2.6.1/03)

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.
RMS conclusion:
No validation on analytical methodology
submitted. Considered as a data gap.
The method is not validated according to
SANCO/3029/99 rev. 4, but the method can
be considered “fit for purpose”.

Materials and methods
Principle of the
method
Method/Detector
Column
Mobile phase
Specificity

Samples are diluted with algal assay medium (AAM) and analysed by high performance
liquid chromatography.
HPLC-UV at 285 nm.
YMC Basic column (5.0 mm × 3.0 mm, 5 μm particle size).
Isocratic elution with a mobile phase of water + 0.5 % acetic acid/acetonitrile + 0.5 % acetic
acid (65:35, v/v).
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the method.

RMS: NO
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The linearity of detector response was demonstrated using four external standard solutions
across the concentration range of 0.0271 mg/L to 3.00 mg/L. The coefficient of determination (R2) was determined to be 1 (slope = 489763, intercept = -697.53)
Quantification is performed using external standards. Analyte identity was confirmed by
Quantification/
Confirmation
retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-13 below
0.0780 mg/L
LOQ
Linearity

Results
In the following table validation data for determination of acute toxicity of trifluralin metabolite TR-15 to green
alga Selenastrum capricornutum Printz are presented.
Table B.5.1.2.6.2-13 Precision and accuracy data – Marino T. A., et al. (2001e)

Matrix

Test media

Day 0
Fortification level
(mg/L)
Recovery (%) (n)
Precision (%)
0.078
75.1 (8*)
1.77
0.156
71.8 (1)
n/a
n/a
0.313
86.9 (1)
n/a
0.625
74.7 (1)
n/a
1.25
76.2 (1)
n/a
2.50
75.6 (1)
n/a
5.00
146 (1)
10.00
115 (8*)
1.14
Mean
90.2
26.6

Day 4
Recovery (%)
Precision (%)
77.1
74.4
88.8
77.8
Not given in
the study
76.1
78.0
66.2
73.2
6.29
76.5

* 4 samples, 2 injections/sample

RMS comments and conclusion
No validation data for the analytical method submitted. The study is considered important for aquatic toxicity risk
assessment and should therefore have been submitted. Considered as a data gap.
The analytical method for determination of acute toxicity of the trifluralin metabolite TR-15 to Selenastrum capricornutum Printz is not fully validated according to SANCO/3029/99 rev. 4. Recovery and precision data has been
determined from the bulk dose solutions at the LOQ and the highest test concentration. The recovery at LOQ is
somewhat low, should have been over 80 %. Apart from the validation at the lowest and highest concentration the
measured single recoveries of the levels in between are in general varying and mostly outside of the acceptable
range. The highest fortification level is not inside the calibrated area and information about dilution is not given.
Recoveries at day 4 are in general below acceptable values and precision and number of replica are not given.
Specificity, linearity (n = 4) and a calibration curve fitting the lowest fortification levels is submitted.
The method can be considered “fit for purpose”, but not fully in accordance with SANCO/3029/99 rev. 4.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:

(1990)
The toxicity of benefin to Rainbow Trout (Salmo gairdneri) in a
49 Day Early Life Stage Study.
, Report No. F00690
US EPA FIFRA 72 4. Equivalent to OECD Guideline 210:
Fish, Early-life Stage Toxicity Test
GLP-compliance stated

Previous evaluation:
Submitted for the purpose of renewal.
The study was assessed in the DAR for Annex I inclusion (2006). The analytical
method is assessed for the purpose of renewal and fulfilling data requirements.

RMS: NO
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Reference:

CA 8.2.5.1/01 (not included in the reference list yet)

RMS conclusion:
No validation on analytical methodology
submitted. Considered as a data gap.

RMS comments and conclusion
No validation data for the analytical method is submitted. The study is considered important for aquatic toxicity risk
assessment and should therefore have been submitted. Considered as a data gap.
b) Renewal studies
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2004)
Benefin technical – Acute toxicity to carp (Cyprinus carpio) under flow-through conditions
, Report No. 12550.6332.
OECD Guideline Number 203, EC Guideline L383A,
Method C.1.
GLP-compliance stated
CA 4.1.2/26 (CA 8.2.1/11)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The method is validated according to
SANCO/3029/99 rev. 4, and considered “fit
for purpose”.

Materials and methods
Freshwater samples are concentrated using solid phase extraction (SPE) and analysed by
gas chromatography.
GC-ECD (electron capture detection) at 300 °C
Method/Detector
J&W DB-17 column (15 m × 0.32 mm, 0.25 µm film thickness)
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method. Assessment of other matrix effects were
not performed.
The linearity of detector response was demonstrated using five (two in replicate) external
Linearity
standard solutions across the concentration range of 0.005 mg/L to 0.05 mg/L. Two replica
were recorded on each level. The coefficient of determination (R2) was determined to be
0.99234 (slope = 527600.215, intercept = -203.5882).
Quantification is performed using external standards. Analyte identity was confirmed by
Quantification/
Confirmation
retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-1114 below
0.005 mg/L
LOQ
Principle of the
method

Results
In the following table validation data for determination of acute toxicity of benfluralin to carp (Cyprinus carpio) are
presented.
Table B.5.1.2.6.2-1114: Precision and accuracy data –

Matrix

Freshwater

Fortification level
(mg/L)
0.005
0.100
5.00
Overall

(2004)

Recoveries
(%) (n)
85.6 – 102 (5)
89.0 – 101 (5)
87.0 – 98.0 (5)
85.6 – 102 (15)

Mean recovery
(%)
97.2
94.6
93.1
95.0

RSD
(%)
6.97
4.66
5.12
5.31

RMS: NO
Co-RMS: NL
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RMS comments and conclusion
The analytical method for determination of acute toxicity to carp (Cyprinus carpio) is considered validated according to SANCO/3029/99 rev. 4. The fortification levels are concentrated/diluted (0.02 mg/L) to fit the calibration
curve. The analytical procedure is acceptable in terms of specificity, linearity, precision, accuracy and LOQ, and the
method is considered “fit for purpose”.
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Hoberg, J. R. (2007)
Benfluralin TGAI – Toxicity to Duckweed, Lemna gibba
Springborn Smithers Laboratories, USA, Report No.
12550.6485, Project No. 070086
OECD Guideline 221, OPPTS Draft Guideline 850.4400 and
SANCO/3029/99 rev. 4
GLP-compliance stated
CA 4.1.2/27 (CA 8.2.7/01)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The method is validated according to
SANCO/3029/99 rev. 4, and considered “fit
for purpose”.

Materials and methods
20X AAP medium samples are extracted using preconditioned Varian Bondelut C18 solid
phase extraction (SPE) columns (6 mL, 1 g column). The columns are rinsed with purified
water and dried for approximately 20 minutes. The samples are eluted with 80:20 hexane/acetone solutions (5 mL) into test tubes. Iso-octane (0.5 mL) is added and the samples
are reduced in volume to approximately 0.5 mL under a gentle stream of nitrogen at room
temperature. The samples are diluted in hexane and analysed by gas chromatography.
GC-ECD at 300 °C
Method/Detector
Agilent DB-17 column (15 m × 0.32 mm, 0.25 µm film thickness)
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the methods. Five control samples were recorded.
The linearity of detector response was demonstrated using six external standard solutions,
Linearity
prepared in hexane, across the concentration range of 0.00500 mg/L to 0.0500 mg/L. The
linearity was calculated using power regression analysis, the coefficient of determination
(R2) was determined to be 0.99229 (ln(y) = 0.915270 (ln)x + 12.7482).
Quantification is performed using external standards. Analyte identity was confirmed by
Quantification/
Confirmation
retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6.2-1215 below
0.00300 mg/L
LOQ
Principle of the
method

Results
In the following table validation data for determination of toxicity of benfluralin to Duckweed (Lemna gibba) are
presented.
Table B.5.1.2.6.2-1215: Precision and accuracy data – Hoberg, J. R. (2007)

Matrix
20X AAP
medium

Fortification level
(mg/L)
0.00300
1.00
Overall

Recoveries
(%) (n)
96.7 – 117 (4) *
71.3 – 90.4 (5)
71.3 – 117 (9)

Mean recovery
(%)
104
80.4
90.7

* Data was not used due to extreme variance with other replicates of the low-level concentration (recovery: 613 %).

RSD
(%)
8.64
8.48
15.6

RMS: NO
Co-RMS: NL

- 49 Benfluralin
Annex B.5 (AS): Methods of analysis

RMS comments and conclusion
The analytical method for determination of acute toxicity to Duckweed (Lemna gibba) is considered validated according to SANCO/3029/99 rev. 4. The fortification levels are concentrated/diluted (0.015 mg/L, 0.04 mg/L) to fit
the calibration curve. The analytical procedure is acceptable in terms of specificity, linearity, precision, accuracy
and LOQ, however the number of valid samples for the lowest fortification level is only four (should have been
five). The method is considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2011)
Benefin – a fish short-term reproduction assay using the fathead
minnow, Pimephales promelas
,
Report No. 101165
OPPTS 890.1350 (2009), OECD 229 (2009).
GLP-compliance stated
CA 4.1.2/28 (CA 8.2.3.2/02)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The analytical methodology for the study is
not validated according to SANCO/3029
/99 rev. 4. The method can somehow be
considered “fit for purpose” with the lowest
validated level of 0.00349 µg/mL, but recovery is low.

Materials and methods
Test solution samples are extracted and diluted with iso-octane and internal standard
(ethalfluralin) is added.
GC-NCI/MS (negative ion chemical ionisation and mass spectrometry detection)
Method/Detector
Phenomenex Zebron ZB-5MS column (30 m × 0.25 mm, 0.5 µm film thickness)
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method. Two controls samples were made.
The linearity of detector response was demonstrated using six external standard solutions
Linearity
across the concentration range of 0.00101 to 0.135 µg/mL. The correlation coefficient was
determined to be 0.9992 (slope = 6.51, intercept = 0.00149).
Quantification is performed using external standards. The ion m/z 335 is used for quantifiQuantification/
Confirmation
cation. Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.6.2-1316 below
0.00349 µg/mL
LOQ
Principle of the
method

Results
In the following table validation data for short-term reproduction assay using the fathead minnow (Pimephales promelas) are presented.
Table B.5.1.2.6.2-1316: Precision and accuracy data –

Matrix

Test solution

Fortification level
(µg/mL)
0.000338
0.00349
0.0339
0.0851
Overall

Recoveries
(%) (n)
66.8 – 70.0 (3)
69.2 – 73.9 (3)
66.4 – 67.8 (3)
72.6 – 77.5 (3)
66.4 – 77.5 (12)

(2011)

Mean recovery
(%)
68.2
71.6
67.1
74.6
70.4

RSD
(%)
2.4
3.3
1.0
3.4
4.99

RMS: NO
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RMS comments and conclusion
The analytical method for the short-term reproduction assay using the fathead minnow (Pimephales promelas) is
considered not validated according to SANCO/3029/99 rev. 4. With the exception of demonstrated specificity and
linearity, the lowest fortification level is not within the calibrated area and the mean recovery are not within the
acceptable range. According to SANCO/3029/99 rev. 4 the mean recovery should be within 70-110 %, ideally between 80-100 %, and five determinations for each fortification level should be analysed. Despite only three samples,
the precision can be accepted for all levels. The LOQ can somehow be accepted at 0.00349 µg/mL with poor recovery, however the overall recovery are not within the range of 80-100 %.
The analytical methodology for the study is not sufficiently validated according to SANCO/3029/99 rev. 4.

Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

Bradley, M. J. (2014)
Benfluralin – 42-day toxicity test exposing freshwater amphipods
(Hyalella azteca) to a test substance applied to sediment under
static-renewal conditions following EPA test methods
Smithers Viscient, USA, Report No. 14050.6158,
DAS Study No. 130320.
EPA Test Method 100.4, OCSPP Draft 850.1770.
GLP-compliance stated
CA 4.1.2/29 (CA 8.2.5.4/01)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated throughout the study and
the method can be considered “fit for purpose”.

RMS comment
The analytical methodologies described below is used for validation of the following studies: Bradley, M. J. (2014
and 2015), Sayers, L. E. (2013), Softcheck, K. A. (2015a-b),

(2013a-c and 2014a-b), and

(2017).

Validation of procedural recoveries for the different studies were not submitted by the notifier, therefore the summary of the quality control in the studies and a short discussion are included by the RMS for the respective studies.
The analytical methodology below is considered fully validated according to SANCO/3029/99 rev. 4.

Materials and methods
Principle of the
method
(Sediment)
(Freshwater)

(Filtered seawater)

Method/Detector
Column
Specificity
Linearity

Methodology was validated (16 April 2014) to quantify the amount of benfluralin present
in artificial sediment. Sediment samples are extracted twice with methanol/water (50:50)
and iso-octane. The iso-octane extracts were further diluted with iso-octane and analysed
by gas chromatography.
Methodology was validated (6 November 2012) to quantify the amount of benfluralin present in recovery samples prepared with freshwater. Freshwater samples are extracted once
with iso-octane and analysed by gas chromatography.
Methodology was validated (26 November 2012) to quantify the amount of benfluralin
present in recovery samples prepared with filtered seawater. Recovery samples were extracted twice with methylene chloride and analysed by gas chromatography.
GC-MSD (Sediment)
GC-µECD (micro-electron capture detection) (Freshwater and filtered seawater) at 300 °C
Agilent DB-5 MS (30 m × 0.32 mm, 0.25 µm film thickness).
No interferences were observed at the retention time of interest in the control matrix samples, demonstrating the specificity of the methods. Three controls samples were recorded.
The linearity of detector response was demonstrated using six external standard solutions
across the concentration range of 2 µg/L to 50 µg/L. The linearity is described using power
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regression analysis. The results are presented in Table B.5.1.2.6.2-1417 below. For freshwater, recovery were investigated using both un-extracted and extracted standards, and
since the results were consistent quantitation was performed using un-extracted standards.
Accuracy/Precision See Table B.5.1.2.6.2-1518 below.
Quantification is performed using external standards. The ion m/z 292.1 is used for quanQuantification/
Confirmation
tification and the ion m/z 264.1 is used for confirmation. Analyte identity was confirmed
by retention time match with an analytical standard.
0.05 mg/kg (5 µg/L) in sediment
LOQ
0.5 µg/L in freshwater
0.03 µg/L in filtered seawater

Results
In the following table’s validation data for determination benfluralin in sediment, freshwater and filtered seawater
are presented.
Table B.5.1.2.6.2-1417: Linearity data – Bradley, M. J. (2014)

Matrix
Sediment
Freshwater
Filtered saltwater

Concentration Range
(µg/L)

Coefficient of determination
(R2)

Slope

Intercept

2.00 – 50.0

0.99196
0.99875
0.99960

0.9849
0.869164
0.860829

14.7388
12.9065
6.8172

Table B.5.1.2.6.2-1518: Precision and accuracy data – Bradley, M. J. (2014)

Matrix

Sediment

Freshwater
(un-extracted)

Freshwater
(extracted)

Filtered seawater

Fortification level
(conc. after extraction)
0.0500 mg/kg
(5 µg/L)
10.0 mg/kg
(30 µg/L)
100 mg/kg
(30 µg/L)
Overall
0.500 µg/L
(3 µg/L)
50.0 µg/L
(37.6 µg/L)
500 µg/L
(33.3 µg/L)
Overall
0.500 µg/L
(3 µg/L)
50.0 µg/L
(37.6 µg/L)
500 µg/L
(33.3 µg/L)
Overall
0.0300 µg/L
(6 µg/L)
0.5500 µg/L
(25 µg/L)

Recoveries
(%) (n)

Mean recovery
(%)

RSD
(%)

108 – 113 (3)

111.3

2.6

98.5 – 124 (3) *

112.2

11.5

89.4 – 113 (3)

103.8

12.2

89.4 – 124 (12)

109.1

9.1

99.4 – 103 (3)

101.8

2.0

98.7 – 101 (3)

99.7

1.2

99.6 – 101 (3)

100.0

0.8

98.7 – 103 (12)

100.5

1.6

95.1 – 98.6 (3)

97.3

2.0

101 – 103 (3)

101.3

1.5

101 (3)

101

0.0

98.7 – 103 (12)

99.8

2.24

64.5 * – 87.5 (3)

76.9

15.1

87.9 – 94.9 (3)

91.7

3.9

RMS: NO
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Matrix

Fortification level
(conc. after extraction)
5.00 µg/L
(31.25 µg/L)
Overall

Recoveries
(%) (n)

Mean recovery
(%)

RSD
(%)

75.6 – 87.5 (3)

82.0

7.3

64.5 – 94.9 (12)

83.5

11.3

* The recoveries at 124 % and 64.5 % were discarded in the study due to the high recovery, but has been included by the RMS. Overall results
are therefore updated.

RMS comments and conclusion
The analytical methodologies of 16 April 2014, 6 November 2012, and 26 November 2012, are considered sufficiently validated according to SANCO/3029/99 rev. 4. The fortification levels are concentrated/diluted to fit the
calibration curve. The analytical procedure is acceptable in terms of specificity, linearity, precision, accuracy and
LOQ, however the number of recovery samples is only three (should have been five). The linearity of the different
methods are described using power regression analysis, however no justification for using power regression is submitted.
Procedural validation – Bradley, M. J. (2014)
Six quality control (QC) samples (three aqueous and three sediment samples) were prepared at each sampling interval and remained with the set of exposure samples throughout the analytical process. These QC samples were prepared in test sediment (based on sediment dry weight) and laboratory well water at relevant concentrations of benfluralin with respect to the treatment level range.
Analysis of the sediment QC samples resulted in measured concentrations ranging from 95.4 to 116 % (n = 9) of
the nominal fortified concentrations (1.50, 15.0 and 100 mg/kg). Based on these results, it was determined that the
appropriate quality control was maintained during the analyses of the sediment samples.
Analysis of the aqueous QC samples resulted in measured concentrations ranging from 89.2 to 105 % (n = 9) of the
nominal fortified concentrations (0.000500, 0.0500 and 0.500 mg/L). Based on these results, it was determined hat
the appropriate quality control was maintained during the analyses of the pore water samples.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other than for the validated analytical method, are included. The recoveries
of two of the sediment QC samples were found to be > 110 %, however, the mean recovery were calculated to 104.5
% with an RSD of 6.9 %. The mean recovery for the aqueous QC samples were calculated to be 96.5 %, with an
RSD of 5.5. Thus the results are within acceptable ranges.
Overall the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:

Bradley, M. J. (2015)
Benfluralin – 10-day static sediment toxicity test with the marine amphipod Leptocheirus plumulosus
Smithers Viscient, USA, Report No. 14050.6219.
OCSPP Draft 850.1740.
GLP-compliance stated

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
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Reference:

CA 4.1.2/30 (CA 8.2.5.4/02)

however sufficient recovery and precision
are demonstrated throughout the study and
the method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
Procedural validation – Bradley, M. J. (2015)
Six quality control (QC) samples (three aqueous and three sediment) were prepared at each sampling interval and
remained with the set of exposure samples throughout the analytical process. These QC samples were prepared in
marine sediment (based on sediment dry weight) and filtered seawater at relevant concentrations of benfluralin.
Analysis of the sediment QC samples analysed resulted in measured concentrations ranging from 70.6 to 100 %
(n = 6) of the nominal fortified concentrations (3.00, 25.0 and 100 mg/kg). Based on these results, it was determined
that the appropriate quality control was maintained during the analyses of the sediment samples.
Analysis of the aqueous QC samples resulted in measured concentrations ranging from 85.4 to 106 % (n = 6) of the
nominal fortified concentrations (0.000500, 0.0500 and 0.500 mg/L). Based on these results, it was determined that
the appropriate quality control was maintained during the analyses of the aqueous samples.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other than for the validated analytical method, are included. However, the
mean recovery of the sediment and aqueous samples were calculated to be 87.7 % and 95.6 %, with an RSD of 12.6
% and 7.3 % respectively, thus within acceptable ranges.
Overall the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Sayers, L. E. (2013)
Benfluralin TGAI: Life-cycle toxicity test with Mysids (Americamysis bahia) following OCSPP draft Guideline 850.1350
Smithers Viscient, USA, Report No. 14050.6126.
OCSPP Draft Guideline 850.1350.
GLP-compliance stated
CA 4.1.2/31 (CA 8.2.5.2/01)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated throughout the study and
the method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
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Procedural validation – Sayers, L. E. (2013)
Three quality control (QC) samples were prepared at each sampling interval and remained with the set of exposure
solution samples throughout the analytical process.
Analysis of the QC samples resulted in measured concentrations which were consistent with the predetermined
recovery range and ranged from 87.7 to 108 % (n = 15) of the nominal fortified levels (0.00100, 0.0100 and 0.0500
mg/L). Based on these results, it was determined that the appropriate quality control was maintained during the
analysis of the exposure solutions.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other than for the validated analytical method, are included. However, the
mean recovery and precision were calculated to be 94.9 % and 5.6 % (RSD) respectively, thus within acceptable
ranges.
Overall the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Softcheck, K. A. (2015a)
Benfluralin: 96-hour toxicity test with the freshwater green alga,
Pseudokirchneriella subcapitata
Smithers Viscient, USA, Report No. 14050.6228.
OCSPP Draft Guideline 850.4500, OECD Guideline 201
GLP-compliance stated
CA 4.1.2/32 (CA 8.2.6.1/04)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated for the uncentrifuged
samples throughout the study and the
method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.

Procedural validation - Softcheck, K. A. (2015a)
Twelve quality control (QC) samples (six at each sampling interval) were prepared with fresh AAP medium at
nominal benfluralin concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process. Of the six QC samples at each analysis interval, three were processed with centrifugation in the same manner as test solution samples and three were processed without centrifugation to evaluate the impact of centrifugation on test substance recoveries.
Analysis of the uncentrifuged QC samples resulted in measured concentrations which were consistent with the predetermined recovery range, ranging from 75.7 to 98.9 % (n = 6) of the nominal fortified levels (0.500, 5.00 and 65.0
μg/L).
Analysis of four of the six centrifuged QC samples resulted in measured concentrations which were below the predetermined recovery range, ranging from 51.4 to 60.9 % of the nominal fortified levels. The low centrifuged QC
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sample (0.500 μg/L, nominal concentration) had recoveries at both 0 and 96 hours which were below the LOQ (the
< LOQ recoveries for this sample is likely the result of an LOQ value which was approximately 0.33 μg/L, corresponding to ~ 65 % of the lowest nominal QC concentration). The consistency of the centrifuged QC sample results
with the initial measured concentrations of the test solutions which were also centrifuged indicates that centrifugation caused a decrease in analytical recoveries.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other than for the validated analytical method, are included. The recoveries
for the centrifuged samples at the lowest concentration was below the methods internal LOQ and is therefore considered not applicable in the study (estimated to be < 65 %). However, the recovery of all concentration levels of
the uncentrifuged samples were considered acceptable, with mean 91.6 % and 9.2 % RSD. For the centrifuged
samples the mean recovery (n = 4) was calculated to be 56.5 % and 7.1 % RSD, and is not acceptable due to the low
recovery. Based on these results, appropriate quality control was maintained during processing, but centrifugation
of the samples have an impact on quantitation.
Overall the method can be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Softcheck, K. A. (2015b)
Benfluralin: Toxicity to freshwater cyanobacterium (Anabaena
flos-aquae)
Smithers Viscient, USA, Report No.: 14050.6157.
OCSPP Guideline 850.4550, OECD Guideline 201
GLP-compliance stated
CA 4.1.2/33 (CA 8.2.6.2/02)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated for the uncentrifuged
samples throughout the study and the
method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
Procedural validation – Softcheck, K. A. (2015a)
Thirty-six quality control (QC) samples (six at each sampling interval) were prepared with fresh AAP medium at
nominal benfluralin concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process. Of the six QC samples at each analysis interval, three were processed with centrifugation in the same manner as test solution samples and three were processed without centrifugation to evaluate the impact of centrifugation on test substance recoveries.
Analysis of the uncentrifuged QC samples resulted in measured concentrations which were consistent with the predetermined recovery range, ranging from 87.7 to 115 % (n = 18) of the nominal fortified levels (0.500, 5.00 and
65.0 μg/L). Analysis of two of the three centrifuged quality control samples resulted in measured concentrations
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ranging from 60.3 to 67.8 % of the nominal fortified levels. The low QC sample (0.500 μg/L, nominal concentration)
had recoveries at 0, 2 and 6 hours which were below the LOQ (the < LOQ recoveries for this sample is likely the
result of an LOQ value at the 0-, 2- and 6-hour sampling intervals which was approximately 0.33 μg/L, corresponding to ~65 % of the lowest nominal QC concentration). At 4, 8 and 120 hours, the low QC sample resulted in
measured concentrations ranging from 68.6 to 74.2 % of the nominal fortified levels.
The nominal concentrations for the centrifuged QC samples were 0.500, 5.00 and 52.0 μg/L at 0 and 2 hour analyses
and were 0.500, 5.00 and 65.0 μg/L for all other intervals. The consistency of the centrifuged QC sample results
with the initial measured concentrations of the test solutions which were also centrifuged indicates that centrifugation caused a decrease in analytical recoveries. Based on these results, it was established that the appropriate quality
control was maintained during processing but that centrifugation of the samples did have an impact on their quantitation.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other then for the validated analytical method, are included. The recoveries
for the centrifuged samples at the lowest concentration level recoveries at 0, 2 and 6 hours was below the methods
internal LOQ and is therefore considered not applicable in the study (estimated to be < 65 %). However, the recovery
of all concentration levels of the uncentrifuged samples (n = 18) were considered acceptable, with mean 99.3 % and
7.0 % RSD. For the centrifuged samples the mean recovery (n = 15) was calculated to be 66.2 % and 5.4 % RSD,
and is not acceptable due to the low recovery. Based on these results, appropriate quality control was maintained
during processing, but centrifugation of the samples have an impact on quantitation.
Overall the method can be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2013a)
Benfluralin TGAI: Acute toxicity to bluegill sunfish (Lepomis
macrochirus) under flow-through conditions
, Report No. 14050.6125.
OCSPP Draft Guideline 850.1075
GLP-compliance stated
CA 4.1.2/34 (CA 8.2.1/09)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4 in
sense of the numbers of analysed samples,
however sufficient recovery and precision
are demonstrated throughout the study.
Specificity and linearity is also demonstrated. The method is considered acceptable and “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
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Procedural validation –

(2013a)

Three quality control (QC) samples were prepared at each sampling interval at nominal concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process.
Analysis of the QC samples resulted in measured concentrations which were consistent with the predetermined
recovery range and ranged from 92.6 % to 101 % (n = 9) of the nominal fortified concentrations (0.0300, 0.250 and
0.100 mg/L) for benfluralin. Based on these results, it was established that the appropriate quality control was maintained during the analyses of the exposure solutions.
Representative chromatograms from the analysis of a control, a treatment sample and a QC sample are presented in
the study report, demonstrating the specificity of the method. A typical regression analysis is also presented
(R2 = 0.99933, y = 0.957008x + 10.7017), 2.0 to 50 µg/L, demonstrating the linearity of the method.

RMS comments and conclusion
Procedural validation data are not fully in accordance with SANCO/3029/99 rev. 4. Only one recovery sample is
determined at each concentration, each day, thus precision at each level is not determined. However, the recoveries
of all concentration levels were considered acceptable, with mean recovery at 97.0 % and 3.4 % RSD. Representative
chromatograms and calibration curve are included. Based on these results, appropriate quality control was maintained during processing and the method is considered acceptable.
Overall the method is considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2013b)
Previous evaluation:
Benfluralin TGAI: Acute toxicity to sheepshead minnow (Cy- Submitted for the purpose of renewal
prinodon variegatus) under flow-through conditions
RMS conclusion:
, Report No. 14050.6161
Procedural validation data are not fully in
OCSPP Draft Guideline 850.1075
accordance with SANCO/3029/99 rev. 4 in
GLP-compliance stated
sense of the numbers of analysed samples,
CA 4.1.2/35 (CA 8.2.1/10)
however sufficient recovery and precision
are demonstrated throughout the study.
Specificity and linearity is also demonstrated. The method is considered acceptable and “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
Procedural validation –

(2013b)

Three quality control (QC) samples were prepared at each sampling interval at nominal concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process.
Analysis of the QC samples resulted in measured concentrations which were consistent with the predetermined
recovery range and ranged from 89.3 % to 119 % (n = 9) of the nominal fortified concentrations (0.00150 to 0.0500
mg/L) for benfluralin. Based on these results, it was established that the appropriate quality control was maintained
during the analyses of the exposure solutions.
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Representative chromatograms from the analysis of a control, a treatment sample and a QC sample are presented in
the study report, demonstrating the specificity of the method. A typical regression analysis is also presented
(R2 = 0.99914, y = 0.855664x + 12.8237), 2.0 to 50 µg/L, demonstrating the linearity of the method.

RMS comments and conclusion
Procedural validation data are not fully in accordance with SANCO/3029/99 rev. 4. Only one recovery sample is
determined at each concentration, each day, thus precision at each level is not determined. However, the recoveries
of all concentration levels, besides one sample at 119 %, were considered acceptable, with mean recovery at 99.4 %
and 8.1 % RSD. Representative chromatograms and calibration curve are included. Based on these results, appropriate quality control was maintained during processing and the method is considered acceptable.
Overall the method is considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Urann, K. (2013c)
Benfluralin TGAI: Full life cycle toxicity test with water fleas
(Daphnia magna) under flow-through conditions
Smithers Viscient, USA, Report No. 14050.6156.
OCSPP Draft Guideline 850.1300
GLP-compliance stated
CA 4.1.2/36 (CA 8.2.5.1/02)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated throughout the study and
the method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
Procedural validation – Urann, K. (2013c)
Three quality control (QC) samples were prepared at each sampling interval at nominal concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process.
Analysis of the QC samples associated with the test samples resulted in measured concentrations that were consistent
with the predetermined recovery range and ranged from 92.1 to 108 % (n = 12) of the nominal fortified levels
(0.00150, 0.0120 and 0.0500 mg/L). Based on these results, it was demonstrated that satisfactory quality control
were maintained during the analyses of the exposure solutions.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other then for the validated analytical method, are included. However, the
mean recovery and precision were calculated to be 100.2 % and 5.3 % (RSD) respectively, thus within acceptable
ranges.
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Overall the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2014a)
Benfluralin TGAI: Acute toxicity to rainbow trout (Oncorhynchus mykiss) under flow-through conditions
, Report No.: 14050.6160
OCSPP Draft Guideline 850.1075
GLP-compliance stated
CA 4.1.2/37 (CA 8.2.1/08)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated throughout the study and
the method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.

Procedural validation –

(2014a)

Three quality control (QC) samples were prepared at each sampling interval at nominal concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process.
Analysis of the QC samples resulted in measured concentrations which were consistent with the predetermined
recovery range and ranged from 95.0 % to 107 % (n = 6) of the nominal fortified concentrations (0.00150, 0.0120
and 0.0500 mg/L) for benfluralin. Based on these results, it was established that the appropriate quality control was
maintained during the analyses of the exposure solutions.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other then for the validated analytical method, are included. However, the
mean recovery and precision were calculated to be 100.5 % and 5.4 % (RSD) respectively, thus within acceptable
ranges.
Overall the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Urann, K. (2014b)
Benfluralin TGAI: Acute toxicity to water fleas, (Daphnia
magna) under flow-through conditions
Smithers Viscient, USA, Report No. 14050.6154
OCSPP Guideline 850.1010
GLP-compliance stated
CA 4.1.2/38 (CA 8.2.4.1/04)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural validation data are not fully in
accordance with SANCO/3029/99 rev. 4,
however sufficient recovery and precision
are demonstrated throughout the study and
the method can be considered “fit for purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.
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Procedural validation – Urann, K. (2014b)
Three quality control (QC) samples were prepared at each sampling interval at nominal concentrations approximating the test concentration range and remained with the exposure solution samples throughout the analytical process.
Analysis of the QC samples resulted in measured concentrations which were consistent with the predetermined
recovery range and ranged from 93.7 % to 102 % (n = 6) of the nominal fortified concentrations (0.00150, 0.0120
and 0.0500 mg/L) for benfluralin. Based on these results, it was established that the appropriate quality control was
maintained during the analyses of the exposure solutions.

RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other then for the validated analytical method, are included. However, the
mean recovery and precision were calculated to be 97.3 % and 2.9 % (RSD) respectively, thus within acceptable
ranges.
Overall the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2017)
Benfluralin – Modified early life-stage toxicity test with Rainbow Trout (Oncorhynchus mykiss)
Study No. 12791.6256
OECD Guideline 210
OCSPP 850.1400
GLP-compliance stated
CA 4.1.2/39 (CA 8.2.09)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
Procedural recoveries are not reported in
accordance with SANCO/3029/99 rev. 4,
however acceptable recoveries are demonstrated and the method is considered “fit for
purpose”.

Results
The analytical methods used in this study have been fully validated from Smithers Viscient and summarised under
Bradley, M. J. (2014) (CA 4.1.2/29) above, Table B.5.1.2.6.2-1518.

Procedural validation –

(2017)

Three quality control (QC) samples were prepared at each sampling interval at nominal concentrations approximating the exposure concentration range and remained with the exposure solution samples throughout the analytical
process.
Analysis of 29 of the 30 aqueous quality control samples resulted in measured concentrations which were consistent
with the predetermined recovery range of the analytical method and ranged from 71.8 to 118 % of the nominal
fortified concentrations associated with the analytical interval tested. Based on these results, it was determined that
the appropriate quality control was maintained during the analyses of the exposure solution samples. One of the 30
QC samples was measured at 128 % recovery which is outside the acceptable range. QC samples can be out of the
acceptable range due to a number of factors, some of which are fortification, handling or instrument errors.
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RMS comments and conclusion
Procedural recoveries and precision are not reported in accordance with SANCO/3029/99 rev. 4. Only one recovery
sample is determined at each concentration, each day, thus precision at each level is not determined. No representative chromatogram or calibration curve, other than for the validated analytical method is included. However, the
recovery of all concentration levels of interest are determined and found to be acceptable (unless for one sample),
and the method should be considered “fit for purpose”.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

(2011)
Benefin: The amphibian metamorphosis assay using the African
Clawed frog, Xenopus laevis
, Report
No. 101097
OPPTS Number 890.1100; OECD 231
GLP-compliance stated
CA 4.1.2/54 (CA 8.2.3.1/01

)Previous evaluation:
Submitted for the purpose of renewal.
RMS conclusion:
No validation on analytical methodology
submitted. Considered as a data gap.
The method is almost fully in compliance
with SANCO/3029/99 rev. 4, and can be
considered “fit for purpose”.

Materials and methods
Samples are centrifuged, extracted with iso-octane containing internal standard (2.57 μg
ethalfluralin/mL acetone), shaken mechanically and allowed to separate. The organic phase
is then analysed by gas chromatography.
GC/NCI-MS in negative mode.
Method/Detector
Phenomenex Zebron ZB-5MS column (30 m × 0.25 mm, 0.5 μm film thickness)
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using six external standard solutions
Linearity
across the concentration range of 1.01 to 135 μg/L. The correlation coefficient (r) was determined to be 0.9998 (slope = 0.0214, intercept = 0.00237).
Quantification is performed using external standards. The benefin ion m/z 335.0 is used for
Quantification/
Confirmation
quantification and the ion m/z 333.0 is used to monitor the ethalfluralin internal standard.
Analyte identity was confirmed by retention time match with an analytical standard.
Precision/Accuracy See Table B.5.1.2.6-19 and B.5.1.2.6-20 below
4.00 μg/L
LOQ
Principle of the
method

Results
In the following tables validation data are presented for the amphibian metamorphosis assay using the African
Clawed frog, Xenopus laevis:

Table B.5.1.2.6.2-19: Precision and accuracy data of prepared spikes at day 0 –
(2011)

Matrix
Test media

Fortification level
(μg/L)
4.00
20.00
100

Recoveries
(%)
80.9, 85.8, 89.1, 79.9
90.0, 102, 83.8, 103
77.7, 79.7, 87.0, 94.7

Mean recovery
(%)
83.9
94.9
84.8

RSD
(%)
5.2
10.1
9.1

RMS: NO
Co-RMS: NL

- 62 Benfluralin
Annex B.5 (AS): Methods of analysis

Table B.5.1.2.6.2-20: Precision and accuracy data of tets media at day 0 –
(2011)

Fortification level
(μg/L)
4.03
101
Overall

Matrix
Test media

Recoveries
(%)
85.7, 82.0, 86.7
71.9, 71.8, 66.9
66.9 - 86.7 (6)

Mean recovery
(%)
84.8
70.2
77.5

RSD
(%)
2.91
4.07
10.8

RMS comments and conclusion
No validation data for the analytical method submitted. The study is considered important for determination of
endocrine disruption properties of benfluralin and should therefore have been submitted. Considered as a data gap.
The analytical methodology in the amphibian metamorphosis assay is considered validated according to
SANCO/3029/99 rev. 4. Validation data is presented for dose concentrations- and prepared spikes at day 0. The
results are considered acceptable unless recovery data for the spikes at the highest fortification level. Overall the
analytical procedure is considered acceptable in terms of specificity, linearity, precision, accuracy and LOQ, however the number of samples for the fortification levels is only four (should have been five). The method is considered
“fit for purpose”.

B.5.1.2.7

Methods for analysis of residues in matrices used in the physical and chemical properties tests

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Dunning, J. (2016b)
Determination of water solubility of benefin
Envigo CRS Limited, UK, Report No. PL24QJ
EC Method A.6, OECD Method 105 and SANCO/3029/99 rev. 4
GLP-compliance stated
CA 4.1.2/40 (CA 2.5)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The method is not fully in accordance with
SANCO/3029/99 rev. 4 with regard to accuracy, and RMS question the specificity,
and that pH were not constant, otherwise
the method can be considered “fit for purpose”.

Materials and methods
Principle of the
method

A stainless steel column (25 cm × 4.6 mm internal diameter, fitted with 2 µm frits) was
packed with a sample (approximately 1 mL) of sand coated with the test item (0.02 g benfluralin/1 g support). The charged column was connected to an HPLC pump, and the flow
through the column was started at 0.4 mL/minute and the first ten bed volumes of water
from the column were discarded. Samples of the eluent were then collected for analysis by
filling 15 mL volumetric flasks, separated from each other by time intervals corresponding
to the passage of at least ten bed volumes. Upon collection of each sample, the solutions
were examined for any Tyndall effect and were found to be clear. Each sample was then
extracted with 5 mL dichloromethane and collected. The extraction was repeated and the
dichloromethane layers combined and then evaporated to less than 2 mL volume under a
stream of nitrogen at 30 °C. Each concentrated extract was then quantitatively transferred
to a 2 mL volumetric flask and diluted to volume with dichloromethane prior to analysis
by the GC method.
Samples for method verification in water were prepared by fortifying portions of purified
water with a stock solution of benfluralin prepared in acetonitrile and then extracted in the
same manner as for the definitive test before analysis.

RMS: NO
Co-RMS: NL

- 63 Benfluralin
Annex B.5 (AS): Methods of analysis

GC-FID at 280 °C
DB-1 column (15 m × 0.53 mm, 5 µm film thickness)
According to the study: no significant peaks were observed in the chromatograms of the
blank solutions indicating that the analytical methods were free from interference. However, some samples were excluded from the statistics due to chromatographic interference
at the retention time of the test item. Repeat samples were analysed.
The linearity of detector response was demonstrated using eight external standard solutions
Linearity
across the concentration range of 0.1232 mg/L to 4.929 mg/L. The correlation coefficient
I was determined to be 0.9993 (slope = 482, intercept = - 5.73).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.7-1 below
0.03483 mg/L
LOQ
Method/Detector
Column
Specificity

Results
In the following table validation data for determination of water solubility of benfluralin is presented.
Table B.5.1.2.7-1: Precision and accuracy data – Dunning, J. (2016c)

Matrix
Purified water

Fortification level
(mg/L)
0.03483
0.05225
Overall

Recoveries
(%) (n)
107.5 – 149.7 (5)
89.3 – 111.7 (5)
89.3 – 149.7 (10)

Mean recovery
(%)
124
97
110

RSD
(%)
14.6
8.9
17.6

RMS comments and conclusion
Fortification samples from stock solution were extracted and concentrated in the same manner as the method to fit
into the calibration curve and is fortified to give suitable LOQ. The mean recovery is very high and is not acceptable
according to SANCO/3029/99 rev. 4. The precision is high, but below 20 %. RMS question the specificity, it is
stated in the report that no interferences were observed, however the area of interest have a lot of background or is
partial covered by some solvent matrix effects. The pH for the measurements is not constant and varies between 6.0
and 7.0.
In spite of the above-mentioned issues, the analytical method for determination of water solubility coefficient is
considered “fit for purpose”, and can, besides recovery, in terms of specificity, linearity, precision be deemed sufficiently validated according to SANCO/3029/99 rev. 4. With the method the water solubility was determined to be
0.064 mg/L with an uncertainty of ± 0.010 mg/L.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Dunning, J. (2016c)
Determination of organic solvent solubility of benefin
Envigo CRS Limited, UK, Report No. XV77YS
EC Method A.6 and SANCO/3029/99 rev. 4
GLP-compliance stated
CA 4.1.2/41 (CA 2.6)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The method is acceptable and is considered “fit for purpose”.
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Materials and methods
Principle of the
method

Known weights of test item were shaken with increasing amounts of each solvent until the
compound completely dissolved. Where the preliminary solubility was found to be greater
than 250 g/L no further testing was conducted. Replicate samples of benfluralin were accurately weighed into glass vials and the appropriate solvent was added. Each vial was
sealed, shaken at 20 ± 1 °C in a thermostatically controlled room. The contents of each vial
where filtered in order to separate the saturated solutions. On analysis of the methanol and
n-octanol samples, aliquots of the filtrates (0.2 mL) were diluted to 100 mL with acetonitrile. On analysis of the n-heptane samples, aliquots of the filtrates (0.2 mL) were evaporated to dryness at 40 °C under nitrogen. The resulting residues were dissolved and diluted
to 100 mL with acetonitrile. The final solutions were then analysed by a GC method.

The accuracy of the analytical method was investigated by analysing solutions of benfluralin in methanol, n-heptane and n-octanol. The verification samples were prepared at
known concentrations equivalent to a nominal limit of quantification (LOQ) (at approximately 10 % of the levels determined in the definitive test) and at a higher level closer to
that determined in the definitive test. The solutions were prepared by adding known
amounts of benfluralin to known volumes of the appropriate solvent. Each sample was then
diluted in the same manner as for the definitive test before analysis.
GC-FID at 280 °C
Method/Detector
DB-1 column (15 m × 0.53 mm, 5 µm film thickness)
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using nine external standard solutions
Linearity
across the concentration range of 2.098 mg/L to 1049 mg/L. The correlation coefficient I
was determined to be 1.0000 (slope = 453, intercept = - 307).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.7-2 below
4053 mg/L for methanol and heptane
LOQ
2533 mg/L for octanol
Results
In the following table validation data for determination of organic solvent solubility of benfluralin is presented.
Table B.5.1.2.7-2: Precision and accuracy data – Dunning, J. (2016c)

Matrix

Methanol

n-Heptane

n-Octanol

Fortification level
(mg/L)
4053
30400
Overall
4053
30400
Overall
2533
15200
Overall

Recoveries
(%) (n)
90.9 – 96.9 (5)
96.7 – 98.5 (5)
90.9 – 98.5 (10)
97.4 – 101.7 (5)
96.4 – 101.2 (5)
96.4 – 101.7 (10)
89.1 – 93.1 (5)
91.9 – 100.2 (5)
89.1 – 100.2 (10)

Mean recovery
(%)
93
98
95
99
99
99
92
96
94

RSD
(%)
3.0
0.8
3.1
1.6
1.8
1.6
1.7
3.9
3.7
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RMS comments and conclusion
Fortification samples from stock solution were extracted and concentrated in the same manner as the method to fit
into the calibration curve and is fortified to give suitable LOQ. The analytical method for determination of organic
solvent solubility is considered “fit for purpose”, and can in terms of specificity, linearity, precision, accuracy, and
LOQ, be deemed sufficiently validated according to SANCO/3029/99 rev. 4.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Dunning, J. (2016d)
Determination of octanol/water partition coefficient of benefin
Envigo CRS Limited, UK, Report No. NX89RQ
EC Method A.8, OECD Method 107 and SANCO/3029/99 rev. 4
GLP-compliance stated
CA 4.1.2/42 (CA 2.7)

Previous evaluation:
Submitted for the purpose of renewal
RMS conclusion:
The method is acceptable and is considered “fit for purpose”.

Materials and methods
Principle of the
method

Measured volumes of benfluralin in n-octanol (saturated with water) were shaken with
measured volumes of purified water (saturated with n-octanol) at 20 ± 1 °C overnight. The
mixtures were then centrifuged (2500 rpm) at 20 ºC, left to stand for at least 1 hour and
then the phases were carefully separated, ensuring that the layers were well separated prior
to sample processing. No emulsion formation was observed at the interface of the two liquids prior to separation. Portions (1 mL) of the n-octanol phases were diluted to 100 mL
with dichloromethane. The resulting solutions were then further diluted 1 to 10 mL with
dichloromethane prior to analysis. Portions (20 mL) of the aqueous phases were transferred
to 100 mL separating funnels and then extracted by shaking by hand for 1 minute with
dichloromethane (5 mL). The layers were then separated. The extraction was repeated and
the dichloromethane layers combined and then evaporated to less than 1 mL volume under
nitrogen at 30 °C. The extracts were then diluted to a final volume of 1 mL with dichloromethane prior to analysis by the GC method.

Samples for method verification in n-octanol were prepared by adding known weights of
benfluralin to known volumes of solvent and diluted in the same manner as for the definitive test before analysis, and samples for method verification in water were prepared by
fortifying portions of solvent with a stock solution of benfluralin prepared in methanol and
then extracted in the same manner as for the definitive test before analysis.
GC-FID at 280 °C
Method/Detector
DB-1 column (15 m × 0.53 mm, 5 µm film thickness)
Column
No interferences were observed at the retention time of interest in the control matrix samSpecificity
ples, demonstrating the specificity of the method.
The linearity of detector response was demonstrated using nine external standard solutions
Linearity
across the concentration range of 0.1014 mg/L to 40.57 mg/L. The correlation coefficient
I was determined to be 0.9999 (slope = 1160, intercept = - 49.9).
Quantification is performed using external standards.
Quantification/
Confirmation
Analyte identity was confirmed by retention time match with an analytical standard.
Accuracy/Precision See Table B.5.1.2.7-3 below
Not addressed
Extraction
efficiency
335 mg/L in the octanol phase
LOQ
0.01318 mg/L in the aqueous phase
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Results
In the following table validation data for determination of octanol/water partition coefficient of benfluralin are presented.

Table B.5.1.2.7-3: Precision and accuracy – Dunning, J. (2016d)

Matrix

Octanol phase

Aqueous phase

Fortification level
(mg/L)
335*
3350*
Overall
0.01318
0.02535
Overall

Recoveries
(%) (n)
94.0 – 108.8 (5)
97.1 – 98.4 (5)
94.0 – 108.8 (10)
89.5 – 117.7 (5)
91.4 – 125.2 (5)
89.5 – 125.2 (10)

Mean recovery
(%)
101
98
100
99
104
102

RSD
(%)
5.7
0.5
4.3
11.8
12.1
11.5

* RMS comment: no exact fortification level were investigated, rather concentrations in the range 3239 to 3500 mg/L and 323.9 to 350.0 mg/L.
The given level is the mean value.

RMS comments and conclusion
Fortification samples for the octanol phase were prepared by adding an amount of benfluralin to octanol and diluted
to fit into the calibration curve and is fortified to give suitable LOQ. This means that no exact fortification level
were investigated, rather concentrations in the range 3239 to 3500 mg/L and 323.9 to 350.0 mg/L. It do also looks
like that the lower concentrations are dilutions of the higher. In spite of this, the analytical method for determination
of octanol/water partition coefficient is considered “fit for purpose”, and can in terms of specificity, linearity, accuracy, precision, and LOQ, be deemed sufficiently validated according to SANCO/3029/99 rev. 4.
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B.5.2

Methods for post-approval control and monitoring purposes

The residue definition of the active substance benfluralin is, at the time of writing the draft RAR considered to only
be benfluralin. Following, two surface water metabolites are considered not covered by the active substance risk
assessment, thus are in principle subject for monitoring. Analytical methods for monitoring purposes for these metabolites has not been submitted.

B.5.2.1

Methods for analysis of residues in food and feed of plant origin

a) Annex I studies
Author/year:
Title:
Report No:
Reference:
Author/year:
Title:
Report No:
Reference:
Guidelines:
GLP/GEP:

Van Acker, M. and Nicholson, A. (2000)
Determination of residues of benfluralin in lettuce and chicory
(root and leaf)
Dow AgroSciences, UK, Report No. GRM 00.20
CA 4.2/01
Clements, B. and Stevenson, K. (2002)
Independent laboratory validation of Dow AgroSciences analytical method GRM 00.20 for the analysis of benfluralin in lettuce,
chicory root and endive leaves
Dow AgroSciences, UK, Report No. GHE-P-9571
Agrisearch project ID AD/6179/DE
CA 4.2/02
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP compliance stated

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
GC-ECD method GRM 00.20 is suitable
for the determination of residues of Benfluralin in high moisture crops with a LOQ of
0.01 mg/kg. Independent lab validation was
addressed in an acceptable manner.
RMS conclusion:
The method is still considered acceptable.

Materials and methods
Principle of the
method
(GRM 00.20)
Method/Detector
Column
Specificity /
interferences
Linearity

Quantification/
Confirmation

Benfluralin is extracted from the crop matrix by homogenising and shaking with acetonitrile. An aliquot of the extract is then diluted with water and sodium chloride and benfluralin partitioned with hexane. A correction is to be applied when moisture from the sample
makes a significant contribution (where G  1.08) to the total extraction volume.
Capillary GC-ECD at 300 °C
DB-17 (30 m × 0.25 mm i.d., 0.25 µm film thickness)
No significant matrix interferences (control values < 20 % of LOQ)
Response of GC-ECD system to benfluralin (peak height vs. conc.) was described by power
regression curve (Y = aXb) within a concentration range of 0.001 to 0.2 µg/mL;
r² > 0.999.
Quantification by external standardisation. Presence of benfluralin is confirmed by comparison of peak retention time for the sample with that of a known standard.

A confirmatory technique is presented below the validation data of this method (Class,
2007) and was included in the addendum of the DAR sept. 07. The confirmatory technique
is considered satisfying. Nevertheless, the notifier states that confirmation of benfluralin
residues in crops may be achieved by using the alternative chromatographic conditions
provided for the soil method GRM 99.03. Data supporting this statement were however not
provided.
Accuracy/Precision See Table B.5.2.1-1 below
0.01 mg/kg
LOQ
Not addressed
Extraction
efficiency
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ILV
Communication

First validation by Dow AgroSciences Letcombe Laboratory (UK), ILV by Agrisearch
(UK); no major modifications of method between both labs.
Some communications took place between both labs (documented in the ILV report).
It was addressed in the peer review of benfluralin (Evaluation table rev. 2-1, 16.02.2008)
that full details of the communication between the sponsor and the contractor should be
provided for the ILV study GRM 00.20, this was included in relevant addendum of the
DAR sept. 07. The communication was as following:
“The sponsor was contacted during method set one for the lettuce, chicory root and endive
leaves due to a problem with interfering peaks during the quantitation of benfluralin. The
sponsor suggested that the problem may be due to a contamination issue and suggested
that the contamination could be from one of three areas:
A) Reagents. Ensure that there was no interferences
B) Glassware. Ensure that there was no contamination from the glassware.
C) Quantitation instrument. Ensure that there was no contamination from injection
port.
Following these suggestions the quantitation instrument was modified in the following
way:
i)
The column was cut at both ends.
ii)
The septum was renewed.
iii)
The liner was renewed.
iv)
The gold disc was cleaned.
All the reagents during the method were also checked to ensure there were no interferences. It was determined that the interfering peaks were not from the reagents and the
problem had been solved with the modification of the quantitation instrument.
Quantitation of method set one for the lettuce, chicory root and endive leaves was then
undertaken. The sponsor was contacted a second time during method set one for the lettuce,
chicory root and endive leaves due to confusion over the method of calculation to be used
for the quantitation of benfluralin. The method seems to suggest calculation of benfluralin
using a linear curve and also using a power curve. The sponsor requested that the results
for the ILV should be calculated using a power curve.”

Results
In the following table validation data for determination residues of benfluralin in plant material are presented.
Table B.5.2.1-1: Validation data – Van Acker, M. and Nicholson, A. (2000) / Clements, B. and Stevenson, K. (2002)

Matrix

Lettuce

Chicory root

Analyte

Fortification level
(mg/kg commodity)

n

Recovery
Range (%)
Mean (%)

First validation – Van Acker, M. and Nicholson, A. (2000)
0.01
4
96 – 98
0.05
4
106 – 107
0.5
4
96 – 100
Benfluralin
1.0
4
93 – 95
overall
16
93 – 107
0.01
4
88 – 120
0.05
4
98 – 110
0.5
4
86 – 94
Benfluralin
1.0
4
80 – 96
overall
16
80 – 120

97
106
98
94
99
105
106
90
88
97

RSD (%)
1.0
0.5
1.7
1.0
4.8
12.6
5.2
3.7
9.5
11.8
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Matrix

Chicory leaf

Lettuce

Chicory root

Candive leaves
High moisture
crops (lettuce,
chicory root,
endive leaves)

Analyte

Fortification level
(mg/kg commodity)

Recovery
n
Range (%)
Mean (%)
0.01
4
94 – 99
96
0.05
4
103 – 111
107
0.5
3*
99 – 102
101
Benfluralin
1.0
4
95 – 99
97
overall
15
94 – 111
100
Independent Lab Validation – Clements, B. and Stevenson, K. (2002)
0.01
2
78 – 95
87
1.0
2
88 – 98
93
Benfluralin
overall
4
78 – 98
90
0.01
2
72 – 78
75
1.0
2
63 – 71
67
Benfluralin
overall
4
63 – 78
71
0.01
2
99 – 108
104
1.0
2
100 – 101
101
Benfluralin
overall
4
99 – 108
102
0.01
6
72 – 108
88
1.0
6
63 – 101
87
Benfluralin
overall
12
63 – 108
88

RSD (%)
2.6
3.1
1.5
1.8
4.9
9.9
8.7
4.0
16.2
18.7
16.7

* 4th sample was lost

DAR conclusion
GC-ECD method GRM 00.20 is suitable for the determination of residues of benfluralin in high moisture crops
(lettuce, chicory, endive) with a LOQ of 0.01 mg/kg. Independent lab validation was addressed in an acceptable
manner.
Although the “first validation” data package for each crop separately does not fully comply with current guidelines
as described in SANCO/825/00 (only 4 replicates per fortification level instead of 5), we consider that the overall
data per crop (4 fortification levels instead of 2) are more than sufficient to demonstrate acceptability of the method
within a concentration range from 0.01 to 1.0 mg/kg. A similar comment can be made for the Independent Lab
Validation: although the data package for each crop separately is insufficient (only 2 replicates per fortification
level), the combined data for high moisture crops suffice to confirm suitability of the method for benfluralin residue
analysis in matrices belonging to this crop group with LOQ of 0.01 mg/kg.

RMS comments and conclusion
The method is still considered acceptable and the RMS concur with the DAR conclusion. The previous RMS (BE)
considered it to be unlikely that the communication between the sponsor and the contractor affected the reliability
of the presented validation data. RMS agree. However it should be mentioned that extraction efficiency is not addressed in the study.
A confirmatory method remained to be addressed, this was included in addendum to DAR sept. 07, and is presented
below.
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Confirmatory method
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Class, T. (2007)
Validation of a confirmatory residue enforcement method for
the determination of benfluralin in plant materials
DAS Study No. 070038; PTRL Study No. P 1230 G
SANCO/825/00 rev. 8.1 (16/11/2010)
EPA Guideline OPPTS 860.1340
GLP-compliance stated
CA 4.2/03

Previous evaluation:
Addendum to DAR Vol. 3, B5, sept. 07.
DAR conclusion:
Both the GC-MS and GC-MS/MS is found
to be acceptable.
RMS conclusion:
The method is still considered acceptable.

Materials and methods
Benfluralin is extracted from the crop matrix by homogenising and shaking with acetonitrile. When matrices such as grain and rapeseed are extracted, some water is to be added.
Following centrifugation, an aliquot of the supernatant is mixed with water and purified on
a multi-mode SPE cartridge (elution with hexane). After evaporation of the solvent, the
residue is re-dissolved in isooctane/ethyl acetate (9/1 v/v).
GC-MS (EI) (monitored ions: m/z 292, 264 and 276).
Method/Detector
Agilent J&W DB-608 (30m × 0.32mm, 0.5µm film thickness)
Column
GC-MS and GC-MS/MS are highly specific analytical techniques.
Specificity / interferences
No significant matrix interferences (control values < 20 % of LOQ)
Response of GC-MS system (for each of the 3 fragment ions monitored) to benfluralin
Linearity
(peak area vs. conc.) was found to be linear within a concentration range of 1.0 to 250
ng/mL (corresponding to residue concentration range 0.001 – 0.25 mg/kg crop); r² > 0.996.
Response of GC-MS/MS system (for the m/z 264 fragment) was found to be linear in range
1.0 to 250 ng/mL; r² > 0.999.
Additional analysis of all plant extracts by GC-MS/MS (m/z 292 → 264). Quantification
Quantification/
Confirmation
by external standardisation.
Recovery/Precision See Table B.5.2.1-2. Four different plant materials (lettuce, wheat grain, whole orange
and oilseed rapeseed) were fortified with benfluralin at 2 levels (0.01 and 0.10 mg/kg),
and 5 samples each matrix.
0.01 mg/kg
LOQ
Not addressed
Extraction
efficiency
Principle of the
method

Results
In the following table validation data for the confirmatory residue enforcement method for the determination of
benfluralin in plant materials are presented.
Table B.5.2.1-2: Validation data – Class, T. (2007)
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DAR conclusion
The GC-MS based method described above is suitable for the determination of residues of benfluralin in plant materials with a LOQ of 0.01 mg/kg. Hence, it is considered acceptable as confirmatory method in plant material.
Moreover, since good recovery and precision of the method was demonstrated in different kinds of plant matrices,
it can also be used for quantitative purposes (cfr. Enforcement). Also the proposed GC-MS/MS technique is considered acceptable, as it appears to provide additional quantitative and confirmatory results with improved selectivity
and sensitivity.

RMS comments and conclusion
The method is still considered acceptable and the RMS concur with the DAR conclusion. However it should be
mentioned that extraction efficiency is not addressed in the study.

Applicability of multi residue-method
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Garofani, S. (2003c)
Suitability of the multi-residue enforcement method DFG S19
for the determination of residues of benfluralin in three plant
matrices.
DFG S19
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
Not included in the reference list

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
DFG S19 is found to be not suitable for the
determination of residues of benfluralin in
peanuts (high fat content crop), lentils (dry
crop) and endives.
RMS comment:
The study was found not suitable in the
DAR, and is therefore considered obsolete.

DAR conclusion
German multi-residue method DFG S19 is found to be not suitable for the determination of residues of benfluralin
in peanuts (high fat content crop), lentils (dry crop) and endives (high water content crop): obtained recovery data
do not meet the required criteria (i.e. mean recovery is systematically < 70 %).
RMS comments and conclusion
Since the study was found not suitable, the study is not re-assessed and details of the method are not included in the
RAR. A new method for determination of benfluralin in crops using QuEChERS extraction is provided.

RMS: NO
Co-RMS: NL

- 72 Benfluralin
Annex B.5 (AS): Methods of analysis

b) Studies submitted in the renewal process

Primary method
Author/year:
Title:
Report No:
Guidelines:
GLP:
Reference:

Commander, R. F. (2016a)
Validation of an analytical method for the determination of benfluralin in crops (QuEChERS extraction)
CEMAS, UK, Report No. CEMS-7323,
Method No: CAM-0158/001
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/04

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
The method CEMS-7323 is considered validated for the determination of benflu-ralin
residues in crops (dry commodities, commodities with high water-, high oil-, and
high acid content) with a limit of quantification of 0.01 mg/kg.

Materials and methods
Samples (5 g) are weighed into centrifuge tubes (50 mL) and water (10 mL) is added. The
samples are vortex mixed, acetonitrile (10 mL) is added and the samples vortex mixed
again before the contents of one tube of QuEChERS salts (EN method) is added. The samples are shaken vigorously by hand to prevent agglomerates from forming before being
vortex mixed and shaken for 30 minutes on a flatbed shaker. The samples are centrifuged
at 3500 rpm for 10 minutes and an aliquot (1 mL) of the acetonitrile top layer is added to a
2 mL dispersive SPE tube containing anhydrous magnesium sulphate (150 mg), endcapped
C18 (25 mg) and PSA (25 mg). The tubes are vortex mixed, shaken for 10 minutes and
centrifuged. Aliquots of the supernatant are diluted by a factor of two with 0.2 % formic
acid in water for analysis.
HPLC-MS/MS positive mode
Method/Detector
Hichrom UltraCore Super C18 column (50 mm × 2.1 mm, 2.5 µm particle size)
Column
Gradient elution with mobile phases of 0.1 % formic acid in water and 0.1 % formic acid
Mobile phase
in acetonitrile
No interferences at > 30 % LOQ were observed at the retention time of interest in any
Specificity
control matrix samples demonstrating the specificity of the method. Blank samples were
analysed for all matrices.
The linearity of detector response was demonstrated using seven external standard soluLinearity
tions across the concentration range 0.5 ng/mL to 50 ng/mL (corresponding to 0.002 – 0.2
mg/kg). The results are presented in Table B.5.2.1-3 below. The mean matrix effects for
each matrix were below 20 % and is therefore considered not to be significant, matrix
matched standards were thus not used.
Accuracy/Precision See Table B.5.2.1-4 below
Quantification is performed using external standards. The ion transition m/z 336.3 → 236.0
Quantification/
Confirmation
is used or quantification and the ion transition m/z 336.3 → 220.0 is used for confirmation.
The method is selective for the determination of benfluralin by virtue of the chromatographic separation and selective detection system used. No other confirmatory method is
necessary.
0.01 mg/kg
LOQ
The stability of benfluralin in working solutions has been demonstrated for 21 days followStability
ing refrigerated storage by comparison of peak areas of stored and freshly prepared solutions. The stability of benfluralin in extracts has been demonstrated for at least 6 days following refrigerated storage with recoveries in the acceptable range of 70 – 120 %.
Not addressed
Extraction
efficiency
Principle of the
method
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Results
In the following tables validation data for determination of benfluralin in crops are presented.
Table B.5.2.1-3: Linearity data – Commander, R. F. (2016a)

Matrix
Cucumber
Strawberry
Oilseed rape
Wheat grain

Ion
(m/z)
336.3 → 236.0
336.3 → 220.0
336.3 → 236.0
336.3 → 220.0
336.3 → 236.0
336.3 → 220.0
336.3 → 236.0
336.3 → 220.0

Concentration range
(ng/mL)

0.5 – 50.0
(0.002 – 0.2 mg/kg)

Correlation
coefficient
0.9998
0.9998
1.0000
0.9999
1.0000
1.0000
0.9996
0.9995

Slope

Intercept

2677
1931
3294
2411
2607
1849
3496
2483

75.67
14.77
-159.7
-453.3
-54.11
108.06
-287.08
-218.37

Table B.5.2.1-4: Precision and accuracy data – Commander, R. F. (2016a)

Matrix

Cucumber

Fortification
level (mg/kg)

0.01
0.1
0.01
0.1

Strawberry

0.01
0.1
0.01
0.1

Oilseed
rape

0.01
0.1
0.01
0.1

Wheat grain

0.01
0.1
0.01
0.1

Mean
Acceptable
RSD
recovery
recovery
(%)
(%)
(%)
Benfluralin ion transition m/z 336.3 → 236.0 - Quantification
105, 95, 102, 98, 99
100
60 – 120
3.8
102, 98, 93, 101, 102
99
70 – 120
3.9
Benfluralin ion transition m/z 336.3 → 220.0 - Confirmation
98, 95, 105, 96, 94
98
60 – 120
4.5
100, 101, 93, 97, 104
99
70 – 120
4.2
Benfluralin ion transition m/z 336.3 → 236.0 - Quantification
95, 99, 97, 99, 97
97
60 – 120
1.7
100, 101, 103, 103, 99
101
70 – 120
1.8
Benfluralin ion transition m/z 336.3 → 220.0 - Confirmation
95, 96, 95, 93, 100
96
60 – 120
2.7
97, 99, 103, 104, 97
100
70 – 120
3.3
Benfluralin ion transition m/z 336.3 → 236.0 - Quantification
72, 72, 70, 70, 74
72
60 – 120
2.3
76, 75, 76, 74, 74
75
70 – 120
1.3
Benfluralin ion transition m/z 336.3 → 220.0 - Confirmation
75, 78, 70, 75, 70
74
60 – 120
3.5
75, 75, 76, 77, 76
76
70 – 120
0.8
Benfluralin ion transition m/z 336.3 → 236.0 - Quantification
86, 92, 74, 81, 83
83
60 – 120
7.9
86, 78, 86, 93, 91
87
70 – 120
6.7
Benfluralin ion transition m/z 336.3 → 220.0 - Confirmation
78, 92, 77, 85, 78
82
60 – 120
7.9
85, 77, 88, 92, 91
87
70 – 120
7.0
Recoveries
(%)

Acceptable
RSD
(%)
30
20
30
20
30
20
30
20
30
20
30
20
30
20
30
20
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RMS comments and conclusion
The method CAM-0158/001 (CEMS-7323) is considered validated for the determination of benfluralin residues in
crops (dry commodities, commodities with high water-, high oil-, and high acid content) with a limit of quantification of 0.01 mg/kg. The recovery for oilseed rape is however somewhat low, but within in the acceptable ranges.
On average the matrix effects were below 20 % for all matrices, however large matrix effects were observed for
cucumber (19.9 %) and wheat grain (30.2 %) at 0.5 ng/mL, this however is not of any concern since it is below the
LOQ. Stability in working solutions and extracts are demonstrated for all matrices with acceptable accuracy and
precision. Extraction efficiency is not addressed in the study.
In terms of specificity, linearity, precision, accuracy and LOQ the method is in accordance with the requirements of
SANCO/825/00 rev. 8.1, and is considered acceptable.

Independent laboratory validation
Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

Schlewitz, P. (2016a)
Independent Laboratory Validation (ILV) of the determination
of benfluralin residues in commodities with high water, high
acid, high oil and high protein / high starch content
Anadiag, France, Report No. R B5343
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/05

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
The method CEMS-7323 is considered independently validated with report R B5343
for the determination of benfluralin residues in crops (dry commodities, commodities with high water-, high oil-, and high
acid content) with a limit of quantification
of 0.01 mg/kg.

Materials and methods
Principle of the
method

Method/Detector
Column
Mobile phase
Specificity

Linearity

Residues of benfluralin are extracted using a QuEChERS extraction, with dSPE (dispersive
solid phase extraction) clean-up.
Samples (5 g) are weighed into centrifuge tubes (50 mL) and water (10 mL) is added. The
samples are vortex mixed, acetonitrile (10 mL) is added and the samples vortex mixed
again. Magnesium sulphate (4 g), sodium chloride (1 g), sodium citrate dibasic ses-quihydrate (0.5 g) and sodium citrate tribasic dehydrate (1 g) are added and the samples are
immediately shaken for 1 minute. The samples are vortex mixed, shaken on an orbital
shaker for 30 minutes and centrifuged at 3500 rpm for 10 minutes. Aliquots of the obtained
supernatants are transferred into a centrifuge tubes (2 mL) containing magnesium sulphate
(150 mg), PSA (25 mg) and C18 (25 mg). The samples are vortex mixed, shaken on an
orbital shaker for 10 minutes and centrifuged at 3500 rpm for 1 minute. Aliquots (0.5 mL)
of the supernatants are transferred to sample vials containing 0.2 % formic acid (0.5 mL)
for analysis.
HPLC-MS/MS in positive mode
Waters BEH C18 column (50 mm × 2.1 mm, 1.7 µm particle size)
Gradient elution with mobile phases of 0.1 % formic acid in water and 0.1 % formic acid
in acetonitrile.
No interferences at > 30 % LOQ were observed at the retention time of interest in any
control matrix samples demonstrating the specificity of the method. Blank samples were
analysed for all matrices.
The linearity of detector response was demonstrated using seven external standard solutions across the concentration range 0.5 ng/mL to 50.5 ng/mL (0.002 to 0.2 in mg/kg). The
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results are presented in the Table B.5.2.1-5 below. Matrix effects were significant for lemon
fruit, consequently matrix matched standards were used.
Accuracy/Precision See Table B.5.2.1-6 below
Quantification is performed using external standards. The ion transition m/z 336.1 → 236.0
Quantification/
Confirmation
is used or quantification and the ion transition m/z 336.1 → 219.9 is used for confirmation.
Only the fortification level at LOQ is included for validation of the confirmatory transition.
The method is selective for the determination of benfluralin by virtue of the chromatographic separation and selective detection system used. No other confirmatory method is
necessary.
0.01 mg/kg
LOQ
The stability of sample extract solutions has been demonstrated for 18 days (apple, lemon,
Stability
walnut) and 17 days (wheat grain) following refrigerated storage at 4 °C. The stability of
matrix matched standard solutions has been demonstrated for 15 days (apple, lemon, walnut) and 14 days (wheat grain) following refrigerated storage at 4 °C with the response
factor difference of less than 10 %, showing good stability.
Not addressed
Extraction
efficiency

Results
In the following tables validation data for the ILV of determination of benfluralin in crops are presented.
Table B.5.2.1-5: Linearity data – Schlewitz, P. (2016a)

Matrix
Apple
Lemon
Walnut
Wheat grain

Ion
(m/z)
336.1 → 236.0
336.1 → 219.9
336.1 → 236.0
336.1 → 219.9
336.1 → 236.0
336.1 → 219.9
336.1 → 236.0
336.1 → 219.9

Concentration range
(ng/mL)

0.5 – 50.5
(0.002 – 0.2 mg/kg)

Correlation
coefficient
0.99916
0.99879
0.99983
0.99976
0.99999
0.99990
0.99984
0.99986

Slope

Intercept

6.9106 × 10-5
1.0933 × 10-4
1.2191 × 10-4
1.9294 × 10-4
9.2307 × 10-5
1.4451 × 10-4
7.4402 × 10-5
1.1644 × 10-4

0.67
0.69
0.18
-0.36
-0.06
-0.50
0.10
-0.89

Table B.5.2.1-6: Precision and accuracy data – Schlewitz, P. (2016a)

Matrix

Apple

Lemon

0.01
0.1

Mean
Acceptable
RSD
recovery
recovery
(%)
(%)
(%)
Benfluralin ion transition m/z 336.1 → 236.0 - Quantification
94.2, 96.3, 97.7, 95.5, 96.9
96.1
60 – 120
1.4
98.7, 103.2, 104.0, 101.4, 104.0
102.3
70 – 120
2.2

0.01

Benfluralin ion transition m/z 336.1 → 219.9 - Confirmation
95.4, 98.3, 98.4, 100.2, 98.3
98.1
60 – 120
1.8

30

0.01
0.1

Benfluralin ion transition m/z 336.1 → 236.0 - Quantification
108.1, 105.8, 99.7, 106.3, 116.3
107.2
60 – 120
5.6
99.7, 107.5, 100.7, 101.4, 99.1
101.7
70 – 120
3.3

30
20

0.01

Benfluralin ion transition m/z 336.1 → 219.9 - Confirmation
102.8, 96.7, 94.6, 95.8, 97.8
97.5
60 – 120
3.2

30

Fortification
level (mg/kg)

Recoveries (%)

Acceptable
RSD (%)
30
20
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Matrix

0.01
0.1

Mean
Acceptable
RSD
recovery
recovery
(%)
(%)
(%)
Benfluralin ion transition m/z 336.1 → 236.0 - Quantification
76.1, 78.9, 77.4, 79.9, 77.0
77.9
60 – 120
2.0
75.0, 76.1, 80.9, 77.9, 77.4
77.5
70 – 120
2.9

0.01

Benfluralin ion transition m/z 336.1 → 219.9 - Confirmation
93.4, 98.3, 94.6, 82.9, 87.3
91.3
60 – 120
6.7

30

0.01
0.1

Benfluralin ion transition m/z 336.1 → 236.0 - Quantification
99.5, 104.8, 106.2, 105.6, 100.6
103.3
60 – 120
3.0
98.0, 94.6, 98.5, 98.4, 94.9
96.9
70 – 120
2.0

30
20

0.01

Benfluralin ion transition m/z 336.1 → 219.9 - Confirmation
81.2, 84.6, 87.6, 90.3, 86.4
86.0
60 – 120
4.0

30

Fortification
level (mg/kg)

Walnut

Wheat
grain

Recoveries (%)

Acceptable
RSD (%)
30
20

RMS comments and conclusion
The method CAM-0158/001 (CEMS-7323) is considered independently validated with report R B5343 for the determination of benfluralin residues in crops (dry commodities, commodities with high water-, high oil-, and high
acid content) with a limit of quantification of 0.01 mg/kg. The recovery for walnut is as for the primary validation
lower than for the other matrices, but within in the acceptable ranges. In terms of specificity, linearity, precision,
accuracy and LOQ the method is in accordance with the requirements of SANCO/825/00 rev. 8.1.
The matrices are not exactly the same, but they are representing the same type of commodities (apple/cucumber,
lemon/strawberry, and walnut/oilseed rape) and is considered acceptable. Stability in working solutions and extracts
are demonstrated for all matrices with acceptable accuracy and precision. Extraction efficiency is not addressed in
the study.

B.5.2.2

Methods for analysis of residues in food and feed of animal origin

No methods submitted.
DAR conclusion
No enforcement methods required since it is currently not deemed necessary to propose a residue definition or
MRL’s for food of animal origin.
RMS conclusion
DAR conclusion still applies.
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B.5.2.3

Methods for analysis of residues in soil

a) Annex I studies
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Yordy et al. (1988)
Determination of benefin in soil by solid phase extraction
Lilly research laboratories,
Method: AM-AA-CA-R125-AA-755
No guideline
No GLP-compliance stated
Not included in the reference list

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
The method appears suitable for the determination of residues of benfluralin in soil with a LOQ
of 0.022 mg/kg, but considered not acceptable in
the context of enforcement methodology.
RMS conclusion:
The study is deemed obsolete based on the conclusion of the DAR. Newer studies has been submitted.

Materials and methods
Benfluralin is extracted from soil sample by shaking with a mixture of acetonitrile and
water (99+1, v/v). An aliquot of the clear supernatant extract is diluted with deionized water
to a maximum acetonitrile content of 50 % and purified on a C18 SPE cartridge (elution
with toluene). Benfluralin residues are determined by packed column GC.
GC-ECD at 300 °C
Method/Detector
5 % Carbowax 20M on Chromosorb W-HP 80/100 mesh in 120 cm × 2 mm i.d. column
Column
Control values are not reported and no chromatograms are shown in the report, but the
Specificity
applicant states that no peaks were found that would interfere with the determination of
benfluralin. Report states that interference from Ethalfluralin and Trifluralin can be eliminated with the use of alternate GC columns (“5 % Carbowax 20M yields near-baseline
separation for ethalfluralin and benfluralin, whereas benfluralin can be separated from trifluralin on an ULTRA-BOND 100/120 mesh column”).
Report states that the validated linear range lies between 0.01 and 0.3 mg/L, but actual
Linearity
linearity data (equation of calibration line, correlation coefficient) are not reported
No specific confirmatory technique is presented in the report, but the applicant states that
Quantification/
Confirmation
confirmation of benfluralin residues in soil may be achieved by using the alternative chromatographic conditions provided for the crop method GRM 00.20. Data supporting this
statement were not provided.
Accuracy/Precision See Table B.5.2.3-1 below.
0.022 mg/kg
LOQ
Principle of the
method

Results
In the following table validation data for determination benfluralin in crops are presented.
Table B.5.2.3-1: Validation data – Yordy et al. (1988)

Matrix

Analyte

Soil

Benfluralin

Fortification level
(mg/kg commodity)
0.022
2.2
overall

Recovery
Range (%) (n = 6)
Mean (%)
100 – 114
97 – 105
97 – 114

105
102
103

RSD (%)
6.7
2.8
5.3

* Soil type used in recovery tests is not specified; report merely states that the extraction procedure has been used on most soil types which are
present throughout the US.

RMS: NO
Co-RMS: NL

- 78 Benfluralin
Annex B.5 (AS): Methods of analysis

DAR conclusion
Packed column GC-ECD method appears suitable for the determination of residues of benfluralin in soil with a LOQ
of 0.022 mg/kg, but the validation data package does not comply with current guidelines as set out in Guidance Doc.
SANCO/825/00 rev. 7 (linearity data not reported, control values not reported, no chromatograms shown, no validated confirmatory method). The study is thus considered not acceptable in the context of enforcement methodology.
RMS comments and conclusion
The study is deemed obsolete based on the conclusion of the DAR. A new study has been submitted for the purpose
of renewal, thus this study has not been reassessed.

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Clements, B. (2002c)
Determination of residues of trifluralin, benfluralin and
ethalfluralin in soil
Dow Agroscience GRM 99.03
No guidelines stated
GLP-compliance stated
CA 4.2/06

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
Method GRM 99.03 is suitable for the determination of residues of Benfluralin in soil with a LOQ
of 0.01 mg/kg, however a confirmatory method
remains to be addressed.
RMS conclusion:
RMS agree with DAR conclusion. Confirmatory
method has been submitted

Materials and methods
Benfluralin, trifluralin and ethalfluralin are extracted from soil sample by shaking with a
mixture of acetonitrile and water (99+1, v/v). After addition of water to an aliquot of the
extract, the sample is purified on a multi-mode SPE cartridge (elution with hexane).
GC-ECD at 300 °C
Method/Detector
HP-5MS (30 m × 0.25 mm i.d., 0.25 µm film thickness)
Column
No significant matrix interferences (control values < 30 % of LOQ). Benfluralin peak is
Specificity
well resolved from trifluralin and ethalfluralin peaks.
Response of GC-ECD system to benfluralin (peak height vs. conc.) was described by power
Linearity
regression curve (Y = aXb) within a concentration range of 0.001 to 0.1 mg/L; equation of
calibration plot and r² were missing in the report, but were submitted later upon RMS's
request (r² > 0.995).
Quantification by external standardisation. A correction factor is applied when moisture
Quantification/
Confirmation
from the sample makes a significant contribution (where G  1.08) to the total extraction
volume.
A confirmatory technique is presented below the validation data of this method (Dial, 2007)
and was included in the addendum of the DAR sept. 07. The confirmatory technique is
considered satisfying. Nevertheless, the notifier states that confirmation of Benfluralin residues in soil may be achieved by using the alternative chromatographic conditions provided
for the crop method GRM 00.20. Data supporting this statement were however not provided.
Accuracy/Precision See Table B.5.2.3-2 below.
0.01 mg/kg
LOQ
Principle of the
method

Results
In the following table validation data for determination benfluralin residues in soil are presented.
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Table B.5.2.3-2: Validation data – Clements, B. et al. (2002)

Matrix

Analyte

Soil*

Benfluralin

Fortification level
(mg/kg commodity)

Range (%) (n)

0.01
0.05
0.1
0.5
2.0
overall

90 – 98 (8)
87 – 95 (2)
86 – 96 (4)
69 – 105 (6)
84 – 93 (8)
69 – 105 (28)

Recovery
Mean (%)
94
91
92
88
89
91

RSD (%)
2.8
4.8
17.4
3.9
8.4

*Soil samples used in recovery tests are classified as resp. silty clay loam, sandy silt loam or sandy loam; i.e. representative soil of crop growing
was used.

DAR conclusion
GC-ECD method GRM 99.03 is suitable for the determination of residues of benfluralin in soil with a LOQ of 0.01
mg/kg.
RMS comments and conclusion
Previous RMS (BE) commented in reporting table that “the fortification levels 0.01 and 2.0 mg/kg correspond to
sample extract concentrations of 0.005 and 1.0 mg/L, respectively. Moreover, sample extracts which contain benfluralin concentrations greater than 0.10 mg/L are diluted with hexane to give an appropriate concentration in the
range 0.001 – 0.10 mg/L. Hence, quantitative measurement is always done within the calibration range.”

RMS agree with DAR conclusion.

A confirmatory method remained to be addressed. This was included in addendum to DAR sept. 07, and is presented
below (Dial, G. E. (2007)).
Confirmatory method
Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

Dial, G. E. (2007)
Validation report for method GRM 07.07 - Determination of residues of benfluralin, ethalfluralin, and trifluralin in soil by gas
chromatography with electron impact mass spectrometry detection
Report No. 071040, GRM 07.07
OPPTS 850.7100, SANCO/3029/99 rev.4, SANCO/825/00 rev.7
GLP-compliance stated
CA 4.2/07

Previous evaluation:
Addendum to DAR Vol. 3, B5, sept. 07.
DAR conclusion:
GC-MS method GRM 07.07 is suitable for
the determination of residues of benfluralin
in soil with a LOQ of 0.01 mg/kg.
RMS conclusion:
Conclusion of the DAR still applies.

Materials and methods
Principle of the
method

Residues of benfluralin, trifluralin and ethalfluralin are extracted from soil sample by shaking with a mixture of acetonitrile and water (99+1, v/v). After addition of water to an aliquot of the extract, the sample is purified on a multi-mode SPE cartridge (C18, SAX, SCX).
The analytes are eluted with hexane and diluted with hexane containing 0.5 g/L peanut oil.
A correction factor can be applied for the moisture present in the soil sample (dry weight
conc. = determined conc. * [1+ [% moisture/100]])
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GC-MS
DB-5 (30 m × 0.25 mm i.d., 0.25 µm film thickness)
GC-MS (3 ions monitored) is regarded as highly specific.
No significant matrix interferences
Response of GC-MS system to benfluralin (peak area vs. conc.) was described by power
Linearity
regression curve (Y = aXb) within a concentration range of 0.001 to 0.1 µg/mL (equivalent
to residue conc. range 0.002 – 2 mg/kg; samples fortified at 2 mg/kg were diluted 1:10 to
achieve response in calibrated range); r² > 0.997
Quantification ion: m/z 292, confirmation ions: m/z 264 and 276.
Quantification/
Confirmation
Quantitation by external standardisation.
Accuracy/Precision See Table B.5.2.3-3 below.
0.01 mg/kg
LOQ
Method/Detector
Column
Specificity

Results
In the following table validation data for determination benfluralin in crops are presented.
Table B.5.2.3-3: Validation data – Dial, G. E. (2007)

Matrix

Analyte

Fortification level
(mg/kg commodity)

Number of samples

Soil*

Benfluralin

0.01
2
overall

8
7
15

Recovery
Range (%) Mean (%)
77 – 96
75 – 104
75 – 104

87
89
88

RSD (%)
7.7
11.9
9.6

* Soil samples used in recovery tests are classified as resp. silt loam (pH 6.2, 1 % organic carbon) or clay loam (pH 7.6, 2.9 % organic carbon).

DAR B5 addendum conclusion
GC-MS method GRM 07.07 is suitable for the determination of residues of benfluralin in soil with a LOQ of 0.01
mg/kg. Hence, it is considered acceptable as confirmatory method in soil. Moreover, since acceptable recovery and
precision of the method was demonstrated, it can also be used for quantitative purposes (cfr. enforcement).
RMS comments and conclusion
RMS agree with DAR conclusion.
b) Studies submitted in the renewal process
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Rawle, N. (2016a)
Validation of an analytical method for the determination of benfluralin in soil
CEMAS, UK, Report No. CEMS-7567,
Method No: CAM-0177/001
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/08

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
The method is fully validated according to
SANCO/825/00 rev. 8.1.

Materials and methods
Principle of the
method

Soil samples (5 g) are weighed into centrifuge tubes (50 mL), water (10 mL) and acetonitrile (10 mL) are added and the samples are vortex mixed. The contents of one tube of
QuEChERS salts (EN method) are added and the samples are shaken for 30 minutes and
centrifuged at 3500 rpm for 10 minutes. Aliquots (1 mL) are cleaned up using solid phase
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extraction (SPE) tubes containing anhydrous magnesium sulphate (150 mg), endcapped
C18 (25 mg) and PSA (25 mg). The tubes are vortex mixed, shaken for 10 minutes and
centrifuged at 13000 rpm for 5 minutes. Aliquots (500 µL) are diluted with 0.2 % formic
acid in water (500 µL) and analysed by liquid chromatography.
HPLC-MS/MS in positive mode (ESI)
Method/Detector
Ace UltraCore Super-C18 column (50 mm × 2.1 mm, 2.5 µm particle size)
Column
Gradient elution with mobile phases of 0.1 % formic acid in water and 0.1 % formic acid
Mobile phase
in acetonitrile.
No interferences at > 30 % LOQ were observed at the retention time of interest in any
Specificity
control matrix samples demonstrating the specificity of the method.
The linearity of detector response was demonstrated using seven external standard soluLinearity
tions across the concentration range 0.5 ng/mL to 50 ng/mL (0.002 to 0.2 in mg/kg). The
results are presented in the Table B.5.2.3-4 below. As no matrix effects were observed,
matrix matched standards were not used.
Quantification is performed using external standards.
Quantification/
Confirmation
The ion transition m/z 336.3 → 236.0 is used or quantification and the ion transition
m/z 336.3 → 220.0 is used for confirmation. In addition to molecular ion two additional
ions confirm the identity of the analyte.
Accuracy/Precision See Table B.5.2.3-5 below.
0.01 mg/kg
LOQ
The stability of stock solutions was shown to be stable when stored in acetone for at least
Stability
62 days following refrigerated storage. Working fortification solutions were shown to be
stable when stored in acetone for at least 29 days following refrigerated storage. Working
calibration solutions were shown to be stable when stored in acetonitrile/water (50:50 v/v)
for at least 29 days. The stability of benfluralin in final sample extracts has been demonstrated for 7 days following refrigerated storage with recoveries in the acceptable range of
70-120 %.

Results
In the following tables validation data for determination benfluralin in crops are presented.

Table B.5.2.3-4: Linearity data – Rawle, N. (2016a)

Matrix
Soil

Ion
(m/z)
336.3 → 236.0
336.3 → 220.0

Concentration range
(ng/mL)
0.5 – 50
(0.002 – 0.2 mg/kg)

Correlation
coefficient
0.9999
0.9999

Slope

Intercept

3133.277
2224.3598

-433
-219

Table B.5.2.3-5: Precision and accuracy data – Rawle, N. (2016a)

Matrix

Soil

Fortification level
(mg/kg)

0.01
0.1
0.01
0.1

Recoveries
Mean recovery
(n = 5) (%)
(%)
Benfluralin ion transition m/z 336.3 → 236.0 - Quantification
76, 82, 86, 82, 82
82
85, 92, 90, 91, 85
89
Benfluralin ion transition m/z 336.3 → 220.0 - Confirmation
76, 85, 71, 86, 74
78
88, 92, 90, 90, 86
89

RSD
(%)
4.4
3.8
8.6
2.6
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RMS comments and conclusion
The method CAM-0177/001 (CEMS-7567) is considered validated for the determination of benfluralin residues in
soil with an LOQ of 0.01 mg/kg. The method is selective for the determination of benfluralin in soil by virtue of the
chromatographic separation and MS/MS detection. In terms of specificity, linearity, precision, accuracy and LOQ,
the method is in accordance with the requirements of SANCO/825/00 rev. 8.1 and is considered acceptable for
monitoring purposes.

B.5.2.4

Methods for analysis of residues in water

a) Annex I studies
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Decker, O. D. and Griggs, R. D. (1985)
Determination of benefin in water
AM-AA-CA-R098-AA-755
No guideline
No GLP-compliance stated
DAR 2006:
Appendix: Analytical methods (residue) in support
of pre-registration requirements

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
Method appears suitable for the determination of residues of benfluralin in water, but the validation data
package does not comply with SANCO/825/00 rev. 7.
RMS conclusion:
The study is not acceptable according to current guidelines, however the study is not intended to be used in the
renewal dossier and is therefore considered obsolete.

Materials and methods
Methanol and deionised water are added to water samples and Benfluralin is extracted by
liquid-liquid partition with dichloromethane. Decane is added to the dichloromethane extract. The extract is evaporated, diluted with toluene and determined.
Normally, water samples are sufficiently free from interfering substances that purification
of the extract is not necessary. In the event that a sample does not possess this purity, then
a Florisil column cleanup (elution with hexane) may be necessary.
GC-ECD at 300 °C
Method/Detector
5 % Carbowax 20M on Chromosorb W-HP 80/100 mesh in 120 cm × 2 mm i.d. glass
Column
column
Control values are not reported and no chromatograms are shown in the report, but the
Specificity
applicant states that no significant interferences were present. Report states that interference from the other dinitroaniline herbicides Ethalfluralin and Trifluralin can be eliminated
with the use of alternative GC columns ("5 % Carbowax 20M yields near-baseline separation for Ethalfluralin and Benfluralin, whereas Benfluralin can be separated from Trifluralin on an ULTRA-BOND 100/120 mesh column").
Report states that the standard curve range lies between 0.005 and 0.3 mg/L, but actual
Linearity
linearity data (equation of calibration line, correlation coefficient) are not reported.
No specific confirmatory technique is presented in the report, but the applicant states that
Quantification/
Confirmation
confirmation of benfluralin residues in water may be achieved by using the alternative
chromatographic conditions provided for the water method GRM 03.03 proposed for enforcement.
Accuracy/Precision See Table B.5.2.4-1 below.
Lowest validated concentration is 0.0005 mg/L, but as the mean recovery at this level exLOQ
ceeds 110 %, this concentration cannot be confirmed as LOQ. Based on the available recovery/precision data, only a LOQ of 0.01 mg/L can be set.
Principle of the
method
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Results
In the following table validation data to support the analytical method for determination of benfluralin in water is
presented.
Table B.5.2.4-1: Validation data water – Decker, O. D. and Griggs, R. D. (1985)

Matrix

Analyte

Water

Benfluralin

Fortification level
(mg/L commodity)

Recovery
Range (%) (n = 9)
Mean (%)

0.0005
0.010
0.1
1.0
10.0
100.0
overall

86 – 157
105 – 111
106 – 117
90 – 106
96 – 103
90 – 104
86 – 157

114
108
110
100
101
99
106

RSD (%)
20.0
2.0
3.1
4.3
2.3
4.6
10.5

DAR conclusion
Packed column GC-ECD method appears suitable for the determination of residues of Benfluralin in water with a
LOQ of 0.01 mg/L, but the validation data package does not comply with current guidelines as set out in Guidance
Doc. SANCO/825/00 rev. 7 (linearity data not reported, control values not reported, no chromatograms shown, no
specification of the water type used for recovery tests).
RMS comment
Previous RMS (BE) commented in the reporting table that “the fortification levels 0.05 μg/L and 50.00 μg/L correspond to sample extract concentrations of 0.0005 mg/L and 0.5 mg/L, respectively (taking into account a 10.0 mL
water sample and final volume of 1.0 mL). Moreover, if any sample concentrations exceed the range of the standard
calibration curve, the samples are diluted to yield responses within the range of the calibration curve”.
The study is not intended to be used in the renewal dossier and is therefore considered obsolete.
Author/year:
Title:

Report No:
Guidelines:
GLP/GEP:
Reference:

West, S. D. and Hastings, M. J. (2003)
Determination of residues of benfluralin in water by gas chromatography with negative-ion chemical ionization mass spectrometry
GRM 03.03
No guideline referred
GLP-compliance stated
CA 4.2/09

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
Method GRM 03.03 is suitable for the determination of residues of benfluralin in
water (drinking water, groundwater, surface water) with a LOQ of 0.05 µg/L. However validation data for each water type
separately does not fully comply with
SANCO/825/00.
RMS conclusion:
The method can still be considered suitable.

Materials and methods
Principle of the
method

Water sample is extracted by shaking with isooctane. (Note: due to its low water solubility,
benfluralin tends to adsorb onto glass or plastic containers. Consequently, field water samples should be collected in the same vial that will be used for sample extraction and the
entire sample should be extracted.) An aliquot of the isooctane extract is analysed by GC.
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Capillary GC-MS with negative-ion chemical ionisation
DB-17 (30 m × 0.25 mm i.d., 0.50 µm film thickness)
No significant matrix interferences (control values < 30 % of LOQ)
Response of GC-MS system to benfluralin (peak area vs. conc.) was demonstrated to be
linear within a concentration range from 0.01 to 5.0 µg/L; r² > 0.999
Ions monitored: m/z 335 (quantitation) and 336 (confirmation)).
Quantification/
Confirmation
Quantification by external standardisation, since GC-MS is highly specific, no need for
confirmatory method. Confirmation of the presence of benfluralin is indicated when the
retention time matches that of the standards and the confirmation ratio (i.e. peak area confirmation ion/peak area quantitation ion) for the sample is within the range of  20 % of
the average found for the standards. Full-scan negative-ion chemical ionization mass spectrum of benfluralin is shown, containing additional ions that may be used for further confirmation, if desired (e.g. m/z 319 and 305).
Accuracy/Precision See Table B.5.2.4-2 below.
0.05 µg/L
LOQ
Method/Detector
Column
Specificity
Linearity

Results
In the following table validation data for determination benfluralin in ground, surface and drinking water are presented.
Table B.5.2.4-2: Validation data – West, S. D. and Hastings, M. J. (2003)

Matrix

Analyte

Surface water
(pond water)

Benfluralin

Groundwater
(well water)

Benfluralin

Drinking water
(tap water)

Benfluralin

Water

Benfluralin

Fortification level
(µg/L commodity)

Number of
samples

Recovery
Range
(%)

Mean
(%)

RSD
(%)

0.05
0.5
5.0
50.0
overall
0.05
0.5
5.0
50.0
overall
0.05
0.5
5.0
50.0
overall

3
3
3
3
12
3
3
3
3
12
3
3
3
3
12

92 – 97
94 – 96
93 – 95
97 – 102
92 – 102
93 – 95
94 – 98
94 – 98
98 – 104
93 – 104
95 – 97
97 – 98
96 – 102
97 – 98
95 – 102

94
95
94
99
96
94
96
96
100
97
96
97
99
97
97

2.8
1.1
1.1
2.7
2.9
1.2
2.1
2.2
3.2
3.1
1.0
0.6
3.1
0.6
1.8

0.05
0.5
5.0
50.0
overall

9
9
9
9
36

92 – 97
94 – 98
93 – 102
97 – 104
92 – 104

95
96
96
99
96

1.9
1.6
2.9
2.5
2.7

*Sampling site and characteristics of surface water sample (SN34248301) used in recovery tests were not specified in the report, but following
additional information was provided by the notifier upon RMS’s request: Surface water sample SN34248301 was collected from a pond in
Indianapolis, IN, USA. The characteristics of the water sample were not specifically determined at the time, but subsequent water samples for
method validation have been taken from the same source and full GLP water characteristics have been obtained on these samples: pH 8.3,
hardness 255 mg equivalent CaCO3/L, dissolved organic carbon 7.3 ppm, total suspended solids 6 ppm.
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DAR conclusion
GC-MS method GRM 03.03 is suitable for the determination of residues of benfluralin in water (drinking water,
groundwater, surface water) with an LOQ of 0.05 µg/L. Although the validation data package for each water type
separately does not fully comply with current guidelines as described in SANCO/825/00 (i.e. less than 5 replicates
per fortification level), we consider that the overall data suffice to demonstrate acceptability of the method for water
analysis of different types.
RMS comments and conclusion
The RMS partially agrees with the conclusion of the DAR, but the method can still be treated as suitable, however
no ILV exist. It should moreover be mentioned that surface water can be a more complex matrix and that the combined results of drinking water and surface water can be only be considered fully acceptable for drinking water only.
A new method has however been submitted and this method is considered superseded.

b) Studies submitted in the renewal process

Primary method
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Commander, R. F. (2016b)
Validation of an analytical method for the determination of
benfluralin in ground, surface and drinking water
CEMAS, UK, Report No. CEMS-7325,
Method No: CAM-0160/001
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/10

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
Method CAM-0160/001 is suitable for the
determination of residues of benfluralin in
water (drinking water, groundwater, surface water) with a LOQ of 0.05 µg/L.

Materials and methods
Samples (50 mL) are transferred to glass turbovap vials (60 mL) and hexane (2.5 mL) is
added (concentration factor: 20). The samples are shaken for 10 minutes, centrifuged at
2000 rpm for 5 minutes and aliquots of the hexane layer are transferred to sample vials for
analysis. The samples are analysed by gas chromatography with mass selective detection.
Sampling sites are listed in the study report.
GC-MSD in electron ionisation mode
Method/Detector
DB-5 column (30 m × 0.25 mm, 0.25µm film thickness).
Column
No interferences at > 30 % LOQ were observed at the retention time of interest in any
Specificity
control matrix samples demonstrating the specificity of the method.
The linearity of detector response was demonstrated using eight external standard solutions
Linearity
across the concentration range of 0.3 to 100 ng/mL (µg/L) (corresponding to 0.015 to 5
µg/L). The results are presented in Table B.5.2.4-3 below. As matrix effects were not observed, matrix matched standards were not used.
Quantification is performed using external standards. The mass ion m/z 292 is used for
Quantification/
Confirmation
quantification and the mass ions m/z 264 and 276 are used for confirmation. In addition to
the molecular ion three additional ions confirm the identity of the analyte.
Accuracy/Precision Data was generated from five samples fortified at the LOQ and 1000 x LOQ for each matrix. Results are within acceptable ranges. See Table B.5.2.4-4 below.
0.05 µg/L
LOQ
Principle of the
method
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The stability of benfluralin in final extracts has been demonstrated for seven days following
refrigerated storage at 4 °C with recoveries in the acceptable range of 70-120 %. Benfluralin standards in acetone were also shown to be stable for at least 34 days when stored at
a temperature of approximately 4 °C.

Stability

Results
In the following table’s validation data for determination benfluralin in ground, surface and drinking water are presented.
Table B.5.2.4-3: Linearity data – Commander, R. F. (2016b)

Matrix

Ion (m/z)
292
264
276
292
264
276
292
264
276

Ground water

Surface water

Drinking water

Concentration
range (µg/L)

0.3 – 100

Correlation
coefficient
0.9983
0.9980
0.9982
0.9996
0.9994
0.9995
0.9991
0.9990
0.9995

Slope

Intercept

10831.54
2062.94
1409.03
10654.29
2034.07
1390.95
10104.89
1925.24
1299.32

-1809.29
-231.54
-190.44
-881.79
-188.41
-123.27
-849.94
-114.95
96.43

Table B.5.2.4-4: Precision and accuracy data – Commander, R. F. (2016b)

Matrix

Fortification
level (µg/L)
0.05
50

Ground
water

0.05
50
0.05
50
0.05
50

Surface
water

0.05
50
0.05
50

Drinking
water

0.05
50
0.05
50

Mean
Acceptable
recovery
recovery
(%)
(%)
Benfluralin Quantification ion m/z 292
93, 93, 93, 92, 96
93
70 – 120
84, 87, 89, 88, 85
87
70 – 120
Benfluralin Confirmation ion 1 m/z 264
90, 85, 89, 87, 97
90
70 – 120
82, 86, 88, 89, 85
86
70 – 120
Benfluralin Confirmation ion 2 m/z 276
91, 99, 100, 95, 91
95
70 – 120
84, 88, 90, 88, 87
87
70 – 120
Benfluralin Quantification ion m/z 292
103, 99, 103, 104, 100
102
70 – 120
104, 105, 108, 108, 108
107
70 – 120
Benfluralin Confirmation ion 1 m/z 264
104, 104, 109, 109, 107
107
70 – 120
102, 105, 108, 107, 109
106
70 – 120
Benfluralin Confirmation ion 2 m/z 276
103, 107, 107, 104, 108
106
70 – 120
109, 104, 109, 109, 111
108
70 – 120
Benfluralin Quantification ion m/z 292
96, 97, 100, 101, 96
98
70 – 120
98, 101, 102, 98, 97
99
70 – 120
Benfluralin Confirmation ion 1 m/z 264
90, 103, 94, 101, 108
99
70 – 120
96, 101, 102, 99, 100
100
70 – 120
Recoveries
(%)

RSD
(%)

Acceptable
RSD (%)

1.6
2.4

20
20

5.1
3.2

20
20

4.5
2.5

20
20

2.1
1.8

20
20

2.4
2.6

20
20

2.0
2.4

20
20

2.4
2.2

20
20

7.2
2.3

20
20
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Matrix

Fortification
level (µg/L)
0.05
50

Mean
Acceptable
recovery
recovery
(%)
(%)
Benfluralin Confirmation ion 2 m/z 276
100, 95, 91, 90, 90
93
70 – 120
98, 103,103, 102, 98
101
70 – 120
Recoveries
(%)

RSD
(%)

Acceptable
RSD (%)

4.6
2.6

20
20

RMS comments and conclusion
The method CAM-0160/001 (CEMS-7325) is considered suitable for the determination of benfluralin residues in
ground-, surface, and drinking water with an LOQ of 0.05 µg/L, when extracted to hexane (concentration factor 20).
The method is selective for the determination of benfluralin in water by virtue of the chromatographic separation
and MS detection. It is stated in the report that ‘if sample dilution is required, dilute the sample extract with control
extract or hexane as appropriate’, thus the highest fortification level is expected to be adjusted to the calibration
curve. Significant matrix effect were observed for both confirmatory ions at 0.3 ng/mL for drinking water and surface water. The LOQ do meet the 0.1 µg/L and comply with the lowest effect concentrations mentioned in Table 4
of SANCO/825/00 rev. 8.1, Section 6.4.
In terms of specificity, linearity, precision, accuracy, and LOQ the method is in accordance with the requirements
of SANCO/825/00 rev. 8.1 and is considered validated and acceptable for monitoring purposes.

Independent laboratory validation
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Schlewitz, P. (2016b)
Independent Laboratory Validation of the determination of benfluralin in drinking water
Anadiag, France, Report No. R B5344
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/11

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
The method CAM-0160/001 is considered
independently validated with report R
B5344 for the determination of benfluralin
residues in ground-, surface, and drinking
water with an LOQ of 0.05 µg/L.

Materials and methods
Principle of the
method

Method/Detector
Column
Specificity
Linearity

Samples (50 mL) are transferred to centrifuge tubes (50 mL) and hexane (2.5 mL) is added.
The samples are shaken for 10 minutes, centrifuged at 2000 rpm for 5 minutes and aliquots
of the hexane layer are transferred to sample vials for analysis. The samples are analysed
by gas chromatography.
GC-MSD in electron ionisation mode
DB-5MS column (30 m × 0.25 mm, 0.25 µm film thickness)
No interferences at > 30 % LOQ were observed at the retention time of interest in any
control matrix samples demonstrating the specificity of the method.
The linearity of detector response was demonstrated using seven external standard solutions across the concentration range of 0.3 to 100 ng/mL (µg/L) (corresponding to 0.015 to
5 µg/L). The correlation coefficient was determined to be 0.99991 (slope = 1.6916 × 10-3,
intercept = 0.36). As matrix effects were observed, matrix matched standards were used.

RMS: NO
Co-RMS: NL

- 88 Benfluralin
Annex B.5 (AS): Methods of analysis

Quantification is performed using external standards. The mass ion m/z 292.1 is used for
quantification. Confirmatory method was cancelled (amendment 19/07/2016, no reason
given).
Accuracy/Precision Data was generated from five samples fortified at the LOQ and 1000 x LOQ for each matrix. Results are within acceptable ranges. See Table B.5.2.4-5 below.
0.05 µg/L
LOQ
The stability of benfluralin in final extracts has been demonstrated for 20 days following
Stability
refrigerated storage at 4 °C with recoveries in the acceptable range of 70-120 %. Benfluralin matrix matched standards were also shown to be stable for at least 14 days when
stored at a temperature of approximately 4 °C.
Quantification/
Confirmation

Results
In the following table’s validation data for the ILV of determination of benfluralin in drinking water are presented.
Table B.5.2.4-5: Precision and accuracy data – Schlewitz, P. (2016b)

Fortification level
(µg/L)
0.05
0.50

Matrix
Drinking
water

Recoveries
(%)
108.8, 102.0, 109.8, 112.4, 107.8
93.1, 79.6, 98.1, 95.1, 117.3

Mean
recovery
(%)
108.2
96.6

Acceptable
recovery
(%)
70 – 120
70 – 120

RSD
(%)
3.6
14.0

Acceptable
RSD
(%)
20
20

RMS comments and conclusion
The method CAM-0160/001 (CEMS-7325) is considered independently validated with report R B5344 for the determination of benfluralin residues in ground-, surface, and drinking water with an LOQ of 0.05 µg/L. Matrix
matches samples has been used, benfluralin ion m/z 292.1 was used for quantification, and the confirmatory method
was cancelled (no reason given).
As for the primary method: The method is selective for the determination of benfluralin in water by virtue of the
chromatographic separation and MS detection. In terms of specificity, precision, and accuracy, the method is in
accordance with the requirements of SANCO/825/00 rev. 8.1. Linearity is demonstrated between 0.3 and 100 µg/L
(corresponding to 0.015 to 5 µg/L), thus acceptable LOQ and the method is considered fully validated.

B.5.2.5

Methods for analysis of residues in air

a) Annex I studies
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Atkinson, S. (2003)
Determination of benfluralin in air by capillary gas chromatography with mass spectrometric detection
CEMAS, Study No. CEMS-1884.
Method GRM 02.28
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/12

Previous evaluation:
In DAR for Annex I inclusion (2006)
DAR conclusion:
The method is suitable for determination of
residues of benfluralin in air with a LOQ of
 0.15 µg/m³.
RMS conclusion:
The method is still acceptable, but newer
method has been submitted.
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Materials and methods
Principle of the
method

Method/Detector
Column
Specificity
Linearity
Quantification/
Confirmation

LOQ
Breakthrough
Extraction
efficiency

A measured volume of air (ca. 0.36 m³ for a 6-hour sampling period at 1 L/min) is drawn
through a commercial Tenax two-segment configured adsorption tube (ORBO-402, consisting of 2 adsorption layers held in place by glass wool plugs), after which the Tenax bed
is extracted with acetone.
GC-MSD (electron impact with selected ion monitoring)
DB-5MS (30 m × 0.25 mm i.d., 0.25 µm film thickness)
No significant matrix interferences (control values < 30 % of LOQ)
Response of GC-MS system to benfluralin (peak area vs. conc.) was demonstrated to be
linear within a concentration range from 0.002 to 0.2 mg/L; r² = 0.999
Quantification by external standardization.
Ions monitored: m/z 292 (quantitation) and m/z 264 and 276 (confirmation). Confirmation
of the presence of benfluralin is indicated when the retention time of the peak at m/z 292
matches that of the standards and the confirmation ratio (i.e. peak area confirmation
ion/peak area quantitation ion) for the sample is within the range of 20 % of the average
ratio found for the standards.
 0.15 µg/m³
No breakthrough to the back section of adsorption tubes under any of the test conditions.
For Tenax-tubes fortified with resp. 0.054 µg, 0.54 µg and 5.4 µg (n=3 at each level), mean
recovery = 94 % (range 80-113 %; RSD = 13.2 %)

(i.e. recovery determined
without preceding air
sampling)

Results
In the following table validation data for determination benfluralin in air is presented.
Table B.5.2.5-1: Validation data – Atkinson, S. (2003)

Matrix

Analyte

Air
(ambient*)

Benfluralin

Air
(35 °C;
80 % RH)

Benfluralin

Fortification level
(µg/m3 commodity)
 0.15
 1.5
 15
overall
 0.15
 1.5
 15
overall

Number of
samples

Recovery
Range
Mean
(%)
(%)

RSD
(%)

5
4**
5

79 – 101
87 – 94
98 – 113

87
91
106

9.6
3.5
5.1

14
5
5
5

79 – 113
82 – 99
102 – 110
101 – 119

95
91
106
110

10.8
7.3
3.3
6.5

15

82 – 119

102

9.8

* mean temperature between 20 and 22 °C; mean relative humidity between 23 and 31 %
** 5th result was rejected (outlier according to Dixon’s test); it is likely that the corresponding tube was not fortified

DAR conclusion
GC-MSD method GRM 02.28 is suitable for the determination of residues of benfluralin in air with a LOQ of 
0.15 µg/m³ and thus enables enforcement of the relevant residue limit (C = 4.5 µg/m³, based on proposed AOEL of
0.015 mg/kg b.w./d).
Reporting table (26.06.2007): “the adsorbent tube was fortified with 0.054 μg, 0.54 μg and 5.4 μg of benfluralin,
respectively (air volume passed through: 0.36 m³). Final extraction volume was 5.0 mL, resulting in concentrations
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of 0.01, 0.1 and 1 mg/L, respectively. For the highest fortification level, an additional dilution by 1:100 was performed to bring the concentration within the calibration range of the standard curve of 0.002 to 0.2 μg/mL”.

RMS comments and conclusion
The RMS agrees with the conclusion of the DAR that the method is suitable for determination of residues of benfluralin in air with a LOQ of  0.15 µg/m³, however the proposed AOEL from list of endpoints 2011 was 0.05 mg/kg
b.w./d which gives a relevant residue limit of C = 15 µg/m3. In the renewal AOELsystemic is proposed to 0.035 mg/kg
b.w./d for benfluralin which leads to C = 10.5 µg/m3.

b) Studies submitted in the renewal process
Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Schlewitz, P. (2016c)
Validation of the analytical method for the determination of
benfluralin residues in air
Anadiag, France, Report No. R B5342
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/13

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
The method is suitable for the determination of residues of benfluralin in air with a
LOQ of  0.15 µg/m³, but not fully in and
considered
in
accordance
with
SANCO/825/00 rev. 8.1.

Materials and methods
Principle of the
method

Method/Detector
Column
Mobile phase
Specificity

Linearity

Quantification/
Confirmation
Breakthrough

Accuracy

XAD-2 adsorbent tubes fortified with benfluralin are flushed with air at 1 L/min for 6 hours
(total air sampling volume of 0.36 m3). The analyte is extracted using acetonitrile (10 mL)
by homogenising the sample for 15 minutes. The samples are centrifuged for 1 minute at
1800 rpm and analysed by ultra-performance liquid chromatography.
UPLC-MS/MS in positive mode
Waters BEH C18 column (50 mm × 2.1 mm, 1.7 µm particle size)
Gradient elution with mobile phases of 0.1 % formic acid in water and 0.1 % formic acid
in methanol.
No interferences were observed at the retention time of interest in any of the blank control
samples demonstrating the specificity of the method. Analyte identity was confirmed by
retention time match with an analytical standard.
Linearity of detector response was demonstrated using seven standard solutions across the
concentration range of 1.6 ng/mL to 66.7 ng/mL (equals 0.04 to 1.85 μg/m3). As no matrix
effects were observed, matrix matched standards were not used. The results are presented
in Table B.5.2.5-2 below.
Quantification is performed using external standards.
The ion transition m/z 336.1 → 236.0 is used for quantification and the ion transition m/z
336.1 → 219.9 is used for confirmation.
No significant breakthrough of benfluralin was observed on the second XAD-2 adsorbent
tube, at either ambient or elevated temperatures, demonstrating acceptable retention capacity. The test is performed at a temperature of 35 °C and 80 % relative humidity.
Recovery data were generated from five samples fortified at the LOQ and 10 x LOQ, results
between 70 – 110 %, see Table B.5.2.5-3 below.
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Precision

LOQ
Breakthrough
volumes

Stability

Repeatability tests (5 recoveries) were performed at 1 × LOQ and 10 × LOQ and air at
temperature of approx. 35 °C and 80 % of relative humidity and at normal room temperature and humidity was passed through these tubes during 6 hours at a flow rate of 1 L/min.
RSD < 20 %, see results in Table B.5.2.5-4 below.
0.15 µg/m3
As mean recoveries of the first adsorbent were within the range 70-120 %, and residues
found in the second adsorbent placed just under the first adsorbent spiked at LOQ or at
10 × LOQ level were not detectable, a good trapping efficiency of benfluralin on the first
adsorbent was demonstrated in the conditions tested. No significant breakthrough volume
occurs.
The stability of benfluralin in final extracts has been demonstrated for 16 days following
frozen storage at ≤ -18 °C with recoveries in the acceptable range of 70-120 %. Standard
solutions were also shown to be stable for 16 days following frozen storage at ≤ -18 °C
with a difference in response factors of less than 10 %.

Results
In the following tables validation data for determination benfluralin in air is presented.
Table B.5.2.5-2: Linearity data – Schlewitz, P. (2016c)

Matrix

Ion (m/z)

Concentration
range (ng/mL)

Air

336.1 → 236.0
336.1 → 219.9

1.6 – 66.7
(0.04 – 1.85 μg/m3)

Correlation
coefficient
0.99911
0.99988

Slope

Intercept

7.0792 × 10-5
1.0790 × 10-4

0.02
0.15

Mean recovery
(%)

RSD
(%)

Table B.5.2.5-3: Accuracy data – Schlewitz, P. (2016c)

Matrix

Air

Recovery
(%)

Fortification
level (µg/m3)
0.15
1.54
0.15

Benfluralin ion transition m/z 336.1 → 236.0 - Quantification
99.2, 85.4, 83.9, 98.6, 77.8
89.0
78.1, 77.0, 73.8, 101.3, 93.7
84.8
Benfluralin ion transition m/z 336.1 → 219.9 - Confirmation
101.9, 88.3, 75.4, 94.0, 77.0
87.3

10.7
14.2
12.9

Table B.5.2.5-4: Precision data – Schlewitz, P. (2016c)

Analyte
Benfluralin
Benfluralin
Benfluralin
Benfluralin

Adsorbent
First
Second
First
Second
First
Second
First
Second

Fortification
level
(μg/m3)
0.15
1.54
0.15
1.54

Conditions
35 °C and 80 %
of
relative humidity
Normal room
temperature and
humidity

Mean amount
found
(μg/m3)
0.1242
0.0000
1.4006
0.0000
0.1463
0.000
1.2129
0.0000

RSD
(%)
19.5
15.5
1.7
17.9
-

Mean
recovery
(%) (n=5)
80.5
0
90.8
0
94.8
0
78.6
0

RMS comments and conclusion
UPLC-MS/MS method R B5342 is suitable for the determination of residues of benfluralin in air with a LOQ of 
0.15 µg/m³.
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The analytical procedure is acceptable in terms of specificity, linearity, precision, accuracy and LOQ. Influence of
high air temperature and humidity (35 °C, 80 %) was investigated with a repeatability test performed at LOQ and
10×LOQ. At LOQ the influence of high air temperature and humidity, in terms of mean recovery and RSD, was
found to be significantly poorer than compared to normal conditions. The mean recovery is however within acceptable range, but the repeatability is over the acceptable limit (15 %). The repeatability for the higher level are however
over the acceptable limit (10 %) for both conditions. The mean recovery and the repeatability are however within
acceptable ranges.
The LOQ should according to Section 7.4 of SANCO/825/00 rev. 8.1 comply with the concentration calculated from
AOEL (AOELsystemic = 0.035 mg/kg b.w./d for benfluralin) which leads to C = 10.5 µg/m3. The calibration of the
method equals 0.04 to 1.85 μg/m3 thus the method is capable of measuring concentration below AOELsystemic. The
method enables enforcement of the relevant residue limit (C = 1.5 µg/m³, based on the ADI of 0.005 mg/kg b.w./d).
No information, according to Section 7.5 of SANCO/825/00 rev. 8.1, related to sorbent characteristics, sorbent
suitability is submitted. However, no residues found in the second adsorbent placed just under the first adsorbent.
Therefore good trapping efficiency of benfluralin on the first adsorbent was demonstrated in the conditions tested.
The recovery were somewhat low, but just inside the acceptable range, demonstrating no significant breakthrough.
No information on extractability of benfluralin was submitted other than what can be read out from the recovery.
Overall the method can be considered suitable for its purpose, but not fully in accordance to SANCO/825/00 rev.
8.1.
Overall the method can be considered suitable determination of benfluralin in air with a LOQ of  0.15 µg/m³, and
in accordance with SANCO/825/00 rev. 8.1.

B.5.2.6

Methods for analysis of residues in body fluids and tissues

Author/year:
Title:
Report No:
Guidelines:
GLP/GEP:
Reference:

Rawle, N. (2016b)
Validation of an analytical method for the determination of benfluralin in body fluids and tissue
CEMAS, UK, Report No. CEMR-7714,
Method No: CAM-0178/001
SANCO/825/00 rev. 8.1 (16/11/2010)
GLP-compliance stated
CA 4.2/14

Previous evaluation:
Submitted for the purpose of active substance renewal
RMS conclusion:
The method is considered fully validated
according to SANCO/825/00 rev. 8.1.

Materials and methods
Principle of the
method

Tissue samples (5 g) are weighed into centrifuge tubes (50 mL), water (10 mL) and acetonitrile (10 mL) are added and the samples are vortex mixed. The contents of one tube of
QuEChERS salts (EN method) are added and the samples are shaken for 30 minutes and
centrifuged at 3500 rpm for 10 minutes. Aliquots (1 mL) are cleaned up using solid phase
extraction (SPE) tubes containing anhydrous magnesium sulphate (150 mg), endcapped
C18 (25 mg) and PSA (25 mg). The tubes are vortex mixed, shaken for 10 minutes and
centrifuged at 13000 rpm for 5 minutes. Aliquots (100 µL) are diluted with acetonitrile
(400 µL) and 0.2 % formic acid in water (500 µL) for analysis. Urine samples (3 mL) are
transferred to glass vials (40 mL), acetonitrile (15 mL) and 0.2 % formic acid in water
(12 mL) are added and the samples vortex mixed. The samples are transferred to vials for
analysis. All the sample are analysed by high performance liquid chromatography.
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HPLC-MS/MS in positive mode
Ace UltraCore Super-C18 column (50 mm × 2.1 mm, 2.5 µm particle size)
Gradient elution with mobile phases of 0.1 % formic acid in water and 0.1 % formic acid
in acetonitrile.
No interferences at > 30 % LOQ were observed at the retention time of interest in any
Specificity
control matrix samples demonstrating the specificity of the method. Two control samples
was recorded for both matrices.
The linearity of detector response was demonstrated using seven external standard soluLinearity
tions across the concentration range 1.5 ng/mL to 100 ng/mL (corresponding to 0.015 – 1.0
mg/L in urine and 0.03 – 2.0 mg/kg in muscle) with correlation coefficients and coefficients
of determination (R2) both being greater than 0.995. The results are presented in Table
B.5.2.6-1 below. As matrix effects were observed for muscle samples, matrix matched
standards were used for muscle only.
Quantification is performed using external standards.
Quantification/
Confirmation
The ion transition m/z 336.0 → 236.0 is used or quantification and the ion transition m/z
336.0 → 220.0 is used for confirmation. In addition to the molecular ion two additional
ions confirm the identity of the analyte.
Accuracy/Precision See Table B.5.2.6-2 below.
0.05 mg/L for urine
LOQ
0.1 mg/kg for muscle
Standard stock solutions were shown to be stable when stored in acetone for at least 62
Stability
days following refrigerated storage. Working fortification solutions were shown to be stable when stored in acetone for at least 29 days following refrigerated storage. Working
calibration solutions were shown to be stable when stored in acetonitrile/water (50:50 v/v)
for at least 29 days. The stability of benfluralin in final sample extracts has been demonstrated for 7 days following refrigerated storage at 4 °C with recoveries in the acceptable
range of 70-120 %.
Not addressed.
Extraction
efficiency
Method/Detector
Column
Mobile phase

Results
In the following tables validation data for determination benfluralin in body fluids and tissues is presented.
Table B.5.2.6-1: Linearity data – Rawle, N. (2016b)

Matrix
Urine
Muscle

Ion (m/z)
336.0 → 236.0
336.0 → 220.0
336.0 → 236.0
336.0 → 220.0

Concentration range
(ng/mL)
1.5 – 100
(0.015 – 1.0 mg/L)
1.5 – 100
(0.03 – 2.0 mg/kg)

Correlation
coefficient (r)
0.9996
0.9998
0.9997
0.9998

Slope

Intercept

1095.292
747.372
784.062
566.421

-295.23
-104.65
-4.521
-168.62

Table B.5.2.6-2: Precision and accuracy data – Rawle, N. (2016b)

Matrix

Urine

Fortification
level
0.05 mg/L
0.05 mg/L

Recoveries
Mean recovery
(%)
(%)
Benfluralin ion transition m/z 336.0 → 236.0 - Quantification
104, 107, 102, 101, 100
103
Benfluralin ion transition m/z 336.0 → 220.0 - Confirmation
100, 107, 107, 104, 105
105

RSD
(%)
2.7
2.8
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Fortification
level

Matrix

0.10 mg/kg

Muscle

0.10 mg/kg

Recoveries
Mean recovery
(%)
(%)
Benfluralin ion transition m/z 336.0 → 236.0 - Quantification
109, 108, 109, 102, 108
107
Benfluralin ion transition m/z 336.0 → 220.0 - Confirmation
94, 97, 94, 100, 94
96

RSD
(%)
2.8
2.8

RMS comments and conclusion
The method CAM-0178/001 (CEMS-7714) is considered validated for the determination of benfluralin residues in
urine and muscle with an LOQ of 0.05 mg/L and 0.1 mg/kg respectively. The method is selective for the determination of benfluralin in body fluids and tissues by virtue of the chromatographic separation and MS/MS detection.
It should be mentioned that any mass spectrum illustrating the fragmentation pattern of benfluralin and to confirm
the fragmentation of m/z 336.0 → 236.0 and m/z 336.0 → 220.0 is not included in the report, however a mass
spectrum is included in Commander, R.F. (2016a) of the test substance and the same batch is used in the same
studies. Extraction efficiency is not addressed.
In terms of specificity, linearity, precision, accuracy and LOQ, the method is in accordance with the requirements
of SANCO/825/00 rev. 8.1 and is considered acceptable.

B.5.2.7

Extraction efficiency

Information regarding extraction efficiency was requested by the RMS, but it was confirmed by the notifier that no
study comparing the extraction efficiencies of different solvents or comparing the suitability of extraction solvents
is available. However, it was argued that:
“The extraction efficiency of the methods used in the monitoring section have been addressed with residue
studies on lettuce, alfalfa and peanut. For lettuce and alfalfa, extractions were done with methanol releasing
46-53 % TRR. Although these values are not especially high, the remaining residue was characterised as a
highly polar multi compound mixture after acid and basis hydrolysis and a high level of the bound radioactivity incorporated into the lignin and cellulose fraction. Therefore the initial extraction efficiency with methanol of 46-53 % can be regarded as sufficient for the relevant residues. The monitoring methods use
QuEChERS extraction which in turn uses acetonitrile and not methanol as the extraction solvent. As both of
these solvents are highly polar, acetonitrile can be regarded as comparable compared to the methanol used in
the metabolism studies. Furthermore, the analytical method used for extraction of the lettuce, chicory root
and endive head samples in the DAR was GRM 00.20. This method involved maceration and shaking with
acetonitrile for extraction and this is again comparable with the QuEChERS method. It should be noted that
following metabolism, benfluralin is highly degraded to a multi compound mixture with none of the individual compounds exceeding 1-3 % of TRR with a substantial part of the radioactivity incorporated into plant
constituents such as lignin and cellulose (lettuce, alfalfa) and fatty acids (peanut). Taking all of the above
into account, we consider that extraction efficiency has been sufficiently demonstrated for the QuEChERS
method.”
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RMS comments and conclusion
The argument of the notifier can in some way be considered acceptable, but a study on extraction efficiency should
have been performed and is considered as a data gap of the dossier. However, acetonitrile is the primary extraction
solvent used in the post-approval control and monitoring methods as detailed above. The efficiency of benfluralin
extraction using methanol has previously been demonstrated based on the argument of the notifier, and the two
solvents can be considered comparable as extraction solvents. The efficiency of benfluralin extraction with TRR has
though not been investigated for dry commodities and commodities with high acid content. Sufficient recovery has
though been demonstrated in the residue monitoring studies using acetonitrile and QuEChERS extraction and can
thus be considered acceptable in sense of extraction efficiency.
The argument of the notifier can in some way be considered acceptable if more comparing studies and supporting
documentation were available. A study on extraction efficiency should have been performed and is considered as a
data gap of the dossier. The efficiency of benfluralin extraction using methanol has previously been demonstrated
based on the argument of the notifier, however the efficiency of benfluralin extraction with TRR has not been investigated for dry commodities and commodities with high acid content, and commodities with high oil/fat content
is also not addressed in the metabolism study, and recoveries are not that good in the monitoring methods. The
mentioned commodities are also not addressed in the method GRM 00.20.
Acetonitrile is the primary extraction solvent used in the post-approval control and monitoring methods as detailed
above. Sufficient recovery has though been demonstrated in the residue monitoring studies using acetonitrile and
QuEChERS extraction and can thus imply that extraction solvent can be considered appropriate. The two solvents
can in some ways be considered comparable as extraction solvents, but since they are not identical and there are
open points related to extraction efficiency plant matrices, and body fluids and tissues, there are too many open
points to overall consider extraction efficiency sufficiently addressed. According to the data requirements of
SANCO/825/00 rev. 8.1, referring ENV/JM/MONO (2007) 17 section 23 for bridging of extraction efficiency, information on extractability can be obtained by direct comparison of the analytical results when comparing extraction
of two different solvents. Such has not been proven in this case.
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B.5.3

References relied on

Literature search:
The literature search carried out by the applicant was summarized in the literature review report in Document KCA section 9 and the relevant publications identified through
the literature search are summarized in Document MCA section 9. The RMS considers the literature search provided as acceptable.
Databases: STN, a scientific information platform hosted by CAS, itself a division of the American Chemical Society, was selected as a provider. A broad collection of 16
relevant databases were used for the literature search through STN. Dialog is one of the leading worldwide providers of online-based information in science. A broad
collection of 24 relevant databases were used for the literature search through dialog.
Time window: August 2006 – May 2016.
Input parameters: ISO common name of active substance, active substance synonyms, product names, active substance development codes, product development code,
impurities noted in the last EU review, IUPAC name, Chemical name, CIPAC, CAS number, EEC number and metabolites plus synonyms.
Results: A total of 195 publications were found. 188 summary records were excluded after a rapid assessment of relevance, and 7 full-text documents were assessed in detail.
Of these 7 publications 3 were excluded after detailed assessment for relevance. A reference list containing the 4 relevant and reliable publications identified by the literature
search were included in Document MCA section 9.
Of the 4 relevant publications, 3 of the publications are relevant to the environmental fate part of the data package, and 1 is relevant to the ecotoxicology part of the data
package.
New studies submitted for the purpose of renewal
Data point

CA
4.1.1/01

1

Author(s)

Ticco, S.P.

Year

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not

2016

Benfluralin Technical: Validation of the analytical method
for the determination of the active ingredient content
ChemService S.r.l. Testing Laboratory, Report No.
CH-167/2016
GLP, Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

N

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

CA
4.1.2/11

Year

2014

CA
4.1.2/12

Meseguer, C.

2016

CA
4.1.2/13

Driss, F.

2016

CA
4.1.2/26

CA
4.1.2/27

2004

Hoberg, J. R.

CA
4.1.2/28

CA
4.1.2/29

2007

2011

Bradley, M. J.

2014

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Benfluralin: A reproduction study with the Northern Bobwhite
, Report No. 379-344
GLP, Unpublished
Benfluralin – A field study to assess earthworm fauna residues following spray applications with and without soil incorporation on arable land (France)
Eurofins Agroscience Services Chem, Report No. S1501961
GLP, Unpublished
Benfluralin – Storage stability study of benfluralin in earthworm
Eurofins Agroscience Services Chem, Report No. S1505743
GLP, Unpublished
Benefin technical – Acute toxicity to carp (Cyprinus carpio) under flow-through conditions
, Report No. 12550.6332
GLP, Unpublished
Benfluralin TGAI – Toxicity to Duckweed, Lemna gibba,
Springborn Smithers Laboratories, USA, Report No.
12550.6485, Project No. 070086
GLP, Unpublished
Benefin - A fish short-term reproduction assay using the
fathead minnow, Pimephales promelas
, Report No. 101165.
GLP, Unpublished
Benfluralin - 42-day toxicity test exposing freshwater amphipods (Hyalella azteca) to a test substance applied to sediment under static-renewal conditions following EPA test
methods
Smithers Viscient, Report No. 14050.6158
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

Year

CA
4.1.2/30

Bradley, M. J.

2015

CA
4.1.2/31

Sayers, L.E.

2013

CA
4.1.2/32

Softcheck, K. A.

2015a

CA
4.1.2/33

Softcheck, K. A.

2015b

CA
4.1.2/34

2013a

CA
4.1.2/35

2013b

CA
4.1.2/36

Urann, K.

2013c

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Benfluralin - 10-day static sediment toxicity test with the
marine amphipod Leptocheirus plumulosus
Smithers Viscient, Report No. 1050.6219
GLP, Unpublished
Benfluralin TGAI: Life-cycle toxicity test with Mysids
(Americamysis bahia) following OCSPP draft Guideline
850.1350
Smithers Viscient, Report No. 14050.6126
GLP, Unpublished
Benfluralin: 96-hour toxicity test with the freshwater green
alga Pseudokirchneriella subcapitata
Smithers Viscient, Report No. 14050.6228
GLP, Unpublished
Benfluralin: Toxicity to freshwater cyanobacterium (Anabaena flos-aquae)
Smithers Viscient, Report No. 14050.6157
GLP, Unpublished
Benfluralin TGAI: Acute toxicity to bluegill sunfish (Lepomis macrochirus) under flow-through conditions, following
OCSPP draft Guideline 850.1075
, Report No. 14050.6125
GLP, Unpublished
Benfluralin TGAI: Acute toxicity to sheepshead minnow
(Cyprinodon variegatus) under flow-through conditions,
following OCSPP draft Guideline 850.1075
, Report No. 14050.6161
GLP, Unpublished
Benfluralin TGAI: Full life cycle toxicity test with water
fleas (Daphnia magna) under flow-through conditions, following OCSPP draft Guideline 850.1300
Smithers Viscient, Report No. 14050.6156
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

CA
4.1.2/37

CA
4.1.2/38

Year

2014a

Urann, K.

CA
4.1.2/39

2014b

2017

CA
4.1.2/40

Dunning, J.

2016b

CA
4.1.2/41

Dunning, J.

2016c

CA
4.1.2/42

Dunning, J.

2016d

CA
4.1.2/44

LeBaron, M.J.,
Schisler, M.R.,
Visconti, N.R.

2011a

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Benfluralin TGAI: Acute toxicity to rainbow trout (Oncorhynchus mykiss) under flow-through conditions, following OCSPP draft Guideline 850.1075
, Report No. 14050.6160
GLP, Unpublished
Benfluralin TGAI: Acute toxicity to water fleas (Daphnia
magna) under flow-through conditions, OCSPP Guideline
850.1010
Smithers Viscient, Report No. 14050.6154
GLP, Unpublished
Benfluralin – Modified early life-stage toxicity test with
Rainbow Trout (Oncorhynchus mykiss)
Study No. 12791.6256
GLP, Unpublished
Determination of water solubility of Benefin
Envigo CRS Limited, Report No. PL24QJ
GLP, Unpublished
Determination of organic solvent solubility of Benefin
Envigo CRS Limited, Report No. XV77YS
GLP, Unpublished
Determination of octanol/water partition coefficient of
Benefin
Envigo CRS Limited, Report No. NX89RQ
GLP, Unpublished
Evaluation of benefin in an in vitro estrogen receptor binding assay.
Toxicology & Environmental Research and Consulting,
Report No. 111123.
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

Year

CA
4.1.2/45

LeBaron, M.J.,
Kan, L.

2011

CA
4.1.2/46

LeBaron, M.J.,
Schisler, M.R.,
Visconti, N.R.

2011b

CA
4.1.2/47

Coady, K.K., Sosinski, L.K.

2011

CA
4.1.2/48

LeBaron, M.J.,
Kan, H.L.,
Perala, A.W.

2011c

CA
4.1.2/49

2012b

CA
4.1.2/50

2012c

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Evaluation of benefin in an in vitro estrogen receptor transcriptional activation assay in human cell line Hera-Hela9903.
Toxicology & Environmental Research and Consulting,
.Report No. 101184.
GLP, Unpublished
Evaluation of benefin in an in vitro androgen receptor binding assay.
Toxicology & Environmental Research and Consulting,
.Report No. 111097.
GLP, Unpublished
Benefin: Evaluation of Benefin in the human recombinant
aromatase assay.
Toxicology & Environmental Research and Consulting,
.Report No. 101143.
GLP, Unpublished
Evaluation of Benefin in the in vitro steroidogenesis assay.
Toxicology & Environmental Research and Consulting,
Report No. 101183.
GLP, Unpublished
Benefin: Pubertal development and thyroid function in intact juvenile/peripubertal female
:CD(SD) rats.
,
Report No. 111073.
GLP, Unpublished
Benefin: Pubertal development and thyroid function in intact juvenile/peripubertal male
:CD(SD) rats.
, Report No. 111074.
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

Year

2011

CA
4.1.2/54

CA 4.2/04

Commander,
R. F.

2016a

CA 4.2/05

Schlewitz, P.

2016a

CA 4.2/08

Rawle, N.

2016a

CA 4.2/10

Commander,
R.F.

2016b

CA 4.2/11

Schlewitz, P.

2016b

CA 4.2/13

Schlewitz, P.

2016c

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Benefin: The amphibian metamorphosis assay using the African Clawed Frog, Xenopus laevis.
,
Report No. 101097.
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

Y

Y

New study for renewal
dossier

Gowan Crop
Protection

Validation of an analytical method for the determination of
benfluralin in crops (QuEChERS extraction),
CEMAS, Report No. CEMS-7323
GLP, Unpublished
Independent Laboratory Validation of the determination of
benfluralin residues in commodities with high water, high
acid, high oil and high protein / high starch content
Anadiag, Report No. R B5343
GLP, Unpublished
Validation of an analytical method for the determination of
benfluralin in soil
CEMAS, Report No. CEMS-7567
GLP, Unpublished
Validation of an analytical method for the determination of
benfluralin in ground, surface and drinking water
CEMAS, Report No. CEMS-7325
GLP, Unpublished
Independent Laboratory Validation of the determination of
benfluralin in drinking water
Anadiag, Report No. R B5344
GLP, Unpublished
Validation of the analytical method for the determination of
benfluralin residues in air
Anadiag, Report No. R B5342,
GLP, Unpublished

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

N

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

CA 4.2/14

Author(s)

Rawle, N.

Year

2016b

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Validation of an analytical method for the determination of
benfluralin in body fluids and tissue
CEMAS, Report No. CEMS-7714
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner1

N

Y

New study for renewal
dossier

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Studies relied upon for the first inclusion of benfluralin in Annex I to Directive 91/414/EEC and for renewal of approval under Regulation (EC) No 1107/2009
Data point

2

Author(s)

Year

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not

CA
4.1.2/01

1996

CA
4.1.2/02

1995

Benefin: Two-Year Dietary Chronic Toxicity/Oncogenicity
Study in Fischer 344 Rats.
, Report No.
, Study No. DR-0097-3397-005
GLP, Unpublished
Two-Generation Reproduction Study in Rats with Benefin.
, Report No.

CA
4.1.2/03

Gillis, N.

2003

CA
4.1.2/04

Bousquet, C.

2002a

CA
4.1.2/05

Bousquet, C.

2002b

CA
4.1.2/06

Bousquet, C.

2002c

GLP, Unpublished
Study to determine the stability of benfluralin residues in lettuce following frozen storage at ca. -18ºC for 0, 1, 6, 10 and
12 months.
Agrisearch UK Ltd, Derbyshire, UK, Report No.
AD/6910/IP
GLP, Unpublished
Magnitude of the residue of benfluralin in lettuce at harvest
under open field conditions following a single application of
Bonalan EC (EF-1533), Northern Europe – 2001.
Dow AgroSciences, Report No. GHE-P-9689
GLP, Unpublished
Magnitude of the residue of benfluralin in lettuce at harvest
under open field conditions following a single application of
Bonalan EC (EF-1533), Southern Europe – 2001.
Dow AgroSciences, Report No. GHE-P-9690
GLP, Unpublished
Magnitude of the residue of benfluralin in chicory at harvest
under open field conditions following a single application of
Bonalan EC (EF-1533), Northern Europe – 2001.
Dow AgroSciences, Report No. GHE-P-9687
GLP, Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner2

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

Year

CA
4.1.2/07

Bousquet, C.

2002d

CA
4.1.2/08

Clements, B.

2002a

CA
4.1.2/09

Clements, B.

2002b

CA
4.1.2/10

Van Acker, M.

2000

CA
4.1.2/14

1985

CA
4.1.2/15

1990a

CA
4.1.2/16

Sousa, J. V.

1990b

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Magnitude of the residue of benfluralin in endive at harvest
under open field conditions following a single application of
Bonalan EC (EF-1533), Northern Europe – 2001.
Dow AgroSciences, Report No. GHE-P-9688
GLP, Unpublished
Residues of benfluralin in chicory at harvest under open field
conditions following a single application of Bonalan EC
(EF-1533), Northern Europe – 2000.
Dow AgroSciences, Report No. GHE-P-9389R
GLP, Unpublished
Residues of benfluralin in endives at harvest under open field
conditions following a single application of Bonalan EC
(EF-1533), Northern Europe – 2000.
Dow AgroSciences, Report No. GHE-P-9390
GLP, Unpublished
Residues of Benfluralin in Lettuce at Harvest Under Open
Field Conditions Following a Single Application of Bonalan
EC (EF-1533), Northern Europe – 2000.
Dow AgroSciences Report No. GHE-P-8894
GLP, Unpublished
The Acute Toxicity of Benefin (EL-110, Compound 54521)
to Rainbow Trout Salmo gairdneri in a Static-Renewal Test
System.
, Report No. F00185,
Study No. 39946
GLP, Unpublished
(Benefin) - Acute Toxicity to Sheepshead Minnow (Cyprinodon variegatus) Under Flow-Through Conditions.
, Report No. 90-8-3416,
Study No. 39952.
GLP, Unpublished
(Benefin) - Acute Toxicity to Mysid Shrim (Mysidopsis bahia) Under Flow-Through Conditions.
Springborn Laboratories Inc., USA, Report No. 90-06-3343,
Study No. 39964.
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner2

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

CA
4.1.2/17

Author(s)

Dionne, E.

Year

1990

2003a

CA
4.1.2/18

2001a

CA
4.1.2/19

2001b

CA
4.1.2/20

CA
4.1.2/21

Hertl, J. and
Breitwieser, H.

2003c

CA
4.1.2/22

Marino, T. A., et
al.

2001c

CA
4.1.2/23

Marino, T. A., et
al.

2001d

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
(Benefin) - Acute Toxicity to Eastern Oysters (Crassostrea
virginica) Under Flow-Through Conditions.
Springborn Laboratories Inc., USA, Report No. 90-07-3355,
Study No. 39962.
GLP, Unpublished
Acute Toxicity of Benfluralin Technical to Rainbow Trout
(Oncorhyncus mykiss) in a 96-Hour Static Test.
, Report No. 13068230.
GLP, Unpublished
Trifluralin Metabolite TR-6: An Acute Toxicity Study with
the Rainbow Trout, Oncorhynchus mykiss Walbaum.
, Report No. 011092.
GLP, Unpublished
Trifluralin Metabolite TR-15: An Acute Toxicity Study with
the Rainbow Trout, Oncorhynchus mykiss Walbaum.
, Report No. 011106.
GLP, Unpublished
Acute Toxicity of Benfluralin Technical to Daphnia magna
in a 48-hour Immobilisation Test.
Institut für Biologische Analytik und Consulting IBACON
GmbH, Germany, Report No. 13066220.
GLP, Unpublished
Trifluralin Metabolite TR-6: An Acute Toxicity Study with
the Daphnid, Daphnia magna Straus.
Toxicology & Environmental Research and Consulting. The
Dow Chemical Company, USA, Report No. 011093.
GLP, Unpublished
Trifluralin Metabolite TR-15: An Acute Toxicity Study with
the Daphnid, Daphnia magna Straus.
Toxicology & Environmental Research and Consulting, The
Dow Chemical Company, USA, Report No. 011105.
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner2

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

Year

CA
4.1.2/24

Hertl, J. and
Breitwieser, H.

2003d

CA
4.1.2/25

Henry, K. S., et
al.

2002

CA
4.1.2/43

1996

CA
4.1.2/51

2003b

CA
4.1.2/52

Hertl, J., Breitwieser, H.

2003e

CA
4.1.2/53

Marino, T.A.,
Staley, J.L.,
Gilles, M.M.,
McClymont, E.L.

2001e

CA 4.2/01

Van Acker, M.
and Nicholson,
A.

2000

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Toxicity of Benfluralin Technical to Pseudokirchneriella
subcapitata in an Algal Growth Inhibition Test.
Institut für Biologische Analytik und Consulting IBACON
GmbH, Germany, Report No. 13063210.
GLP, Unpublished
Trifluralin Metabolite TR-6: Growth Inhibition Test with the
Freshwater Green Alga, Selenastrum capricornutum Printz.
Toxicology & Environmental Research and Consulting, The
Dow Chemical Company, USA, Report No. 011101.
GLP, Unpublished
Subchronic toxicity studies of benefin (Compound 054521)
administered orally in the diet to Fischer 344 rats for 3
months
, Report No. R33989, R44089
and R29990.
GLP, Unpublished
Acute toxicity of benfluralin technical to zebra fish
(Brachydanio rerio) in a 96-hour static test.
Report No. 13069230A.
GLP, Unpublished
Toxicity of benfluralin technical to Anabaena flos-aquae in
an algal growth inhibition test.
IBACON, Report No. 13064210
GLP, Unpublished
Trifluralin metabolite TR-15: Growth inhibition test with
the freshwater green alga, Selenastrum capricornutum,
Printz.
Toxicology & Environmental Research Consulting,
Report No. 011102.
GLP, Unpublished
Determination of Benfluralin Residues in Lettuce and Chicory (Root and Leaf),
Dow AgroSciences, UK, Report No. GRM 00.20.
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner2

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

Y

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

RMS: NO
Co-RMS: NL
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Data point

Author(s)

Year

CA 4.2/02

Clements, B. and
Stevenson, K.

2002

CA 4.2/03

Class, T.

2007

CA 4.2/06

Clements, B.

2002c

CA 4.2/07

Dial, G. E.

2007

CA 4.2/09

West, S. D. and
Hastings, M. J.

2003

CA 4.2/12

Atkinson, S.

2003

Title
Company Report No.
Source (where different from company)
GLP or GEP status
Published or not
Independent laboratory validation of Dow AgroSciences
analytical method GRM 00.20 for the analysis of benfluralin in lettuce, chicory root and endive leaves
Dow AgroSciences, UK, Report No. GHE-P-9571
Agrisearch project ID AD/6179/DE
GLP, Unpublished
Validation of a confirmatory residue enforcement method
for the determination of benfluralin in plant materials
DAS Study No. 070038; PTRL Study No. P 1230 G
GLP, Unpublished
Determination of residues of trifluralin, benfluralin and
ethalfluralin in soil
Dow AgroSciences, Report No. GRM 99.03
GLP, Unpublished
Validation report for method GRM 07.07 - Determination of
residues of benfluralin, ethalfluralin, and trifluralin in soil by
gas chromatography with electron impact mass spectrometry
detection.
Dow AgroSciences, Report No. 071040, GRM 07.07
GLP, Unpublished
Determination of residues of benfluralin in water by gas
chromatography with negative-ion chemical ionization
mass spectrometry
Dow AgroSciences, Study No. GRM 03.03
GLP, Unpublished
Determination of benfluralin in air by capillary gas chromatography with mass spectrometric detection
CEMAS, Study No. CEMS-1884.
Method GRM 02.28
GLP, Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if data
protection is claimed

Owner2

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection

N

N

Not applicable

Gowan Crop
Protection
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B.6

Toxicology and metabolism data

Benfluralin, is an herbicidal active substance used to control a wide spectrum of grass- and broad-leaved plant
species in agriculture and horticulture.

Benfluralin has been evaluated as a plant protection product and was included in the Annex I of the Council
Directive 91/414/EEC concerning the placing of plant protection products on the market in 2006. A draft
assessment report (DAR, 2006), its addendum (2007) and a review report for benfluralin (EFSA Scientific Report
(2008) 127, 1-82) are available.
The following new data submitted for the purpose of Annex I renewal of benfluralin has been evaluated in detail:
-

Comparative metabolism study (B.6.1.3 / CA 5.1.2/01)

-

The phototoxicity study (B.6.2.7 / CA 5.2.7/01)

-

Supplementary study on the mode of action: Profiling benfluralin-induced molecular, cellular, and
biochemical changes in male F344/

rats (B.6.8.2 / CA 5.8.2/01)

-

Studies on endocrine disruption (B.6.8.3) / CA 5.8.3/01-08

-

A new specification is submitted. This is assessed in volume 4.

-

Review of the open literature (B.6.10.1)

Studies and investigations already assessed within the EU DAR (2006) have also been subjected to an evaluation
in order to detect whether the previous conclusions are in compliance with current scientific and technical
knowledge. In this regard the RMS has concluded differently from the previous evaluation for the following:
-

The oral absorption, relevant for AOEL setting,

-

The proposed classification for STOT-SE category 2, considering the hepatic and pulmonary congestion
revealed by necroscopy in two males and one female exposed to 2.16 mg/L which died during the acute
inhalation toxicity study,

-

The rat inhalation LC50 (LC50 (4 h, aerosol) > 2.16 mg/L air, instead of (2.16 mg/L air < LC50 < 5 mg/L
air /4 h (dust, nose only)),

-

The acceptability of the in vitro chromosome aberration study and the acceptability and the findings in
the in vivo mouse bone marrow micronucleus study,

-

The NOAEL in the carcinogenicity study in the mouse,

-

The NOAEL in the 2-generation study,

-

The quality of the reproductive toxicity studies,

In the revised RAR, new genotoxicity studies on benfluralin and metabolite B12 have been provided and
evaluated (see Section B.6.4.1. and B.6.8.1). Review of open literature did not result in any relevant toxicological
studies. Thus, publications from open literature do not influence toxicological endpoints (see Section B.6.10.1).
Validation of analytical methodology for toxicological studies was provided for two studies;
(CA 4.1.2/01 (CA 5.5/02)) and

(1996)

(1995) (CA 4.1.2/02 (CA 5.6.1/02)). Methods are not fully in
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compliance with SANCO/3029/99 rev. 4, but is considered “fit for purpose”. See Section B.5.1.2.3 in RAR 07
Volume 3 B-5 for further details.

An overview of the batches used in the various toxicological assays on the active substance is provided in table
B.6-01 below. For further specification, see Vol. 4.
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Table B.6-01. Overview of the batches used in the various toxicological assays on the active substance
RAR
Study
Batch
Purity (%)
6.1.1
ADME, CO2
231EF4
95.64
ADME, single LD+HD
231EF4
95.64
ADME, repeated LD
231EF4
95.64
ADME, bile canulation
231EF4
95.64
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7
6.3.2.1
6.3.2.2
6.3.2.3
6.3.3
6.3.4

6.4.1.1

6.4.1.2

6.4.1.3

6.4.1.4
6.4.2.1
6.4.2.2

6.5.1
6.5.2
6.5.3
6.6.1
6.6.2.1
6.6.2.2
6.8.2
6.8.3

acute, oral, rat
acute, dermal, rabbit (1)
acute, dermal, rabbit (2)
acute, inhalation, rat
skin irritation, rabbit (1)
skin irritation, rabbit (2)
eye irritation, rat
sensitisation, guinea pig (Bühler)
sensitisation, guinea pig (GPMT)
Phototoxicity

ACD13683
231EF4
ACD13683
231EF4
231EF4
ACD13683
ACD13683
X35746
ACD13683
ACD13683

95.8
95.64
95.8
97.3
95.64
95.8
95.8
98.2
95.8
97.5

90d, oral, rat (1)
90d, oral, rat (2)
90d, oral, mouse
90d, oral, dog (1)
90d, oral, dog (2)
1 yr, oral, dog
21d, dermal, rabbit (1)
21d, dermal, rabbit (2)

unknown
231EF4
X35746
unknown
ACD13683
ACD13683
231EF4
ACD13683

unknown
96.6
98.22
Unknown
95.8
95.8
97.3
95.8

231EF4
231EF4
650/01
2228
2614
231EF4
2228
2614
231EF4
2228
2614
231EF4

97.3
97.3
96.7
96.2
96.6
97.3
96.2
96.6
96.63
96.2
96.6
97.3

in-vivo genotox: mouse BM SCE
in-vivo genotox: mouse BM MN
in-vivo genotox: rat BM MN (1)
in-vivo genotox: rat BM MN (2)
rat LT tox
rat LT tox/carcinogenicity
mouse LT tox/carcinogenicity
dog LT tox

231EF4
ACD13683
2228
2614
X11424
ACD13683
231EF4
X11424

97.3
95.8
96.2
96.6
95.6
95.8
95.25-96.15
95.6 – 96.15

four-generation, rat
two-generation, rat
teratogenicity, oral, rat (range-finding)
teratogenicity, oral, rat
teratogenicity, oral, rabbit (1)
teratogenicity, oral, rabbit (2)
supplementary study on the mode of action
Studies on endocrine disruption

X11424
ACD13683
219EF4
219EF4
858929
231EF4
ACD13683
ACD13683

95.6
95.8
95.3
95.3
96.8
97.3
97.5
97.5

in-vitro genotox: Ames (1)
in-vitro genotox: Ames (2)
in-vitro genotox: Ames (3)
in-vitro genotox: Ames (4)
in-vitro genotox: Ames (5)
in-vitro genotox: MLA (1)
in-vitro genotox: MLA (2)
in-vitro genotox: MLA (3)
in-vitro genotox: CA on CHO
in-vitro genotox: MNvit (1)
in-vitro genotox: MNvit (2)
in-vitro genotox: UDS
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B.6.1

Absorption, distribution, metabolism and excretion in mammals

Summary

Table B.6.1 Summary of studies on toxicokinetics and metabolism (in vivo and in vitro).
Route Method
Species
Dose levels and
Reference
Guideline
Strain
duration of the study
Sex
No./dose
14C-Benfluralin, 100
Oral
OECD TG 417 Fischer CDF®
(gavage)
:BR (F-344)
mg/kg bw
rats
Single dose
(1988a)
3 rats/sex/dose
48 hours
14C-Benfluralin,100
Oral
OECD TG 417 Fischer CDF®
(gavage)
:BR (F-344)
mg/kg bw or 500 mg/kg
rats
7 days
(1988a)
5 rats/sex/dose
(kinetic study)

Oral
OECD TG 417
(gavage)

Oral
OECD TG 417
(gavage)

Oral
OECD TG 417
(gavage)

Oralt
OECD TG 417
(gavage)

Compara No TG
tive in avalaible
vitro
metaboli
sm

6 males and 4
females at the
low dose and
5 rats/sex/dose at
the high dose
(tissue
distribution)
14C-Benfluralin,100
Fischer CDF®
:BR (F-344)
mg/kg bw or 500 mg/kg
rats
48 hours
(1988b)
5 rats/sex/dose
(tissue
distribution )
Fischer CDF®
:BR (F-344)
rats
10 males and 5
females (100
mg/kg bw)
5 rats/sex/dose
(500 mg/kg bw)
Fischer CDF®
:BR (F-344)
rats
8 rats/sex/dose
Fischer CDF®
:BR (F-344)
rats

New data for
Annex I
renewal
Y/N
N

N

N

14C-Benfluralin,100

N

mg/kg bw or 500 mg/kg
48 hours
(1988c)

14C-Benfluralin,100

mg/kg bw
7 days
14C-Benfluralin,100

N
(1988d)
(1988)

N

Zhang, F.,
McClymont E.L.,
Erskine, T.C., Hales
C.A. (2016)

Y

mg/kg bw or 500 mg/kg
48 hours

6 males and 4
females at the
low dose and
5 rats/sex/dose at
the high dose
14C-Benfluralin 0.5
Liver
microsomes from ppm (1.49 μM).
CD1(ICR) mice,
F344/
rats,
New Zealand
White rabbits,
Beagle dogs and
human donors
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Route

Method
Guideline

Species
Strain
Sex
No./dose

Dose levels and
duration of the study

Reference

New data for
Annex I
renewal
Y/N

Absorption
The absorption of benfluralin was relatively rapid with peak plasmatic concentrations achieved at 5-10 hours at the
low dose, and at 24 hours at the high dose. The AUC-values indicated that plasmatic concentration increased
proportionally to the dose in both males and females. Based on the excretion in urine and residues in tissues and
carcass at the low dose, the systemic absorption is 15 % for males and 23 % for females (approximately 20 % as a
mean for males and females).

In the previous evaluation, the possibility of a higher absorption at the NOAEL used for AOEL setting was
discussed. To account for this possibility, the biliary excretion of 10 % was then added to the systemic absorption
of 20 %, and the oral absorption was set at 30 % (EFSA, 2008). The RMS is, however, of the opinion that the
biliary excretion should not be added since the critical effect for the AOEL setting was seen in kidneys.
Furthermore, the possibility of a higher absorption, at the NOAEL used for the AOEL setting, should be
experimentally demonstrated. The RMS proposes therefore a reduction in the correction for oral absorption from
30 % to 20 % when setting AOEL.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
At the PPR-meeting, the experts concluded that the oral absorption of benfluralin is 20 %, based on radioactivity
retrieved in urine 168 h after administration of 100 mg/kg bw.

Excretion
The plasmatic half-life at both dose levels was approximately 55 hours for males and approximately 62 hours for
females.

Most of the radioactivity was eliminated at 48 h. On day 7, males excreted 14.9 % and 78.9 % in urine and faeces
respectively at the low dose, and 11.8 % and 77.7 % in urine and faeces respectively at the high dose. Females
excreted 22.6 % and 71 % in in urine and faeces respectively at the low dose, and 19.9 % and 64.6 % in urine and
faeces respectively at the high dose. The fraction of radioactivity remaining in the animals, seven days after
dosing, was very low, accounting for between 0.5 and 1.5% of administered dose. The majority of this was found
in the carcass and in the liver.

Biliary excretion in males was 7-8% at both dose levels. In females, this was 13% at low dose and 6 % at the high
dose. The loss of radioactivity by the expired air was negligible.
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Distribution
Tissue distribution study showed that benfluralin was widly distributed. Initially carcass, liver, fat and kidneys had
the highest percentage of total radioactivity in males and females at both dose levels. Tissue concentration
percentages dropped rapidly over the 48 hour study period. The highest residue level was recovered in the liver
(0.1% of the dose) and carcass (0.5-1.5% of the dose), while other tissues contained <0.1%. The RBC
concentrations were 2.4-4 higher than the plasmatic concentrations. In both dose groups, tissue residues were
mostly higher in females than in the males. This was most marked in the adipose tissue, indicating an affinity to
body fat.

Pre-treatment with unlabeled benfluralin had no apparent effect on the absorption, distribution or excretion of the
radiolabeled test substance.

Metabolism
Metabolism study showed that benfluralin was the most prominent compound recovered in the faeces,
representing 35 % of the total dose. Three non-polar metabolites were identified, two in feces and one in urine,
indicating that the benfluralin was dealkylated and reduced. In addition, the presence of approximately 100
metabolite fractions were demonstrated, corresponding individually to about 0.05-0.9% of the dose. Further
identification of these metabolites was not successful.

A comparative metabolism study showed that all metabolites formed in human liver microsomes >5% of the initial
substrate concentration were also formed in mouse, rat, dog, and rabbit liver microsomes. Two metabolites were
formed only in human liver microsomes. However, the abundance of these metabolites was <5 % of initial
substrate concentration. Qualitative and quantitative differences in metabolites formation were observed between
mouse, rat, dog, and rabbit. It is to be noted that the abundance of the metabolites in this study was less than seen
in in vivo, probably due the absence of reductive metabolism in the in vitro study.

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Data gap: The residue definition in tissues and fluids (urine amd blood) for human biomonitoring purposes was
discussed and all experts agreed to set a data gap for the applicant to propose a residue definition for body fluids
and tissues.
Data gap: With regard to the in vitro metabolism study, the majority of the experts agreed that Peak 3 and Peak 7
should be characterized and their toxicological relevance should be assessed because they are significantly higher
in human material than in the other four species tested.

The metabolism pathway in the rat is shown in the figure below.
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Code
Benfluralin
cmp # 3
cmp # 36
cmp # 37

Occurrence (%)
34.8
0.2
5.4
0.2

Chemical name
N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-para-toluidine
2,6-dinitro-4-trifluoro-methyl aniline
N-butyl-N-ethyl-α,α,α-trifluoro-5-nitrotoluene-3,4,5- triamine
N-butyl-N-ethyl-α,α,α-trifluorotoluene-2,6-dinitro-para-toluidine
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B.6.1.1

Absorption, distribution, metabolism and excretion by oral route

All studies were performed with [ⱷ-U-14C]-labelled compound (random ring labelling).
Figure B.6.1.1-1 Position of 14C in Benfluralin used in the toxicokinetic studies

N
O2N

NO2

*
CF3

CA 6.1.1/01a
Reference:

(1988a) Excretion of radiocarbon in the expired air of
Fischer 344 rats given a single oral dose of 14C-benefin (EL-110, Compound 54521)

Report No.:

, Report No. R06087

Guideline:

OECD guideline 417.

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Three rats/sex/dose [Fischer CDF®
:BR (F-344) rats (140-186 g, 10-11 wk of
age)] received a single nominal dose of 100 mg/kg bw radiolabelled Benfluralin
(actual doses ♂: 92.7 mg/kg bw and ♀: 98.7 mg/kg bw) dissolved in a 10% w:v
acacia-oil, at a dose-volume of 10 mL/kg. A pre-mix of labelled and unlabelled
Benfluralin was prepared in acetone.
B.n° of [-U-14C]-Benfluralin was 553-JV-282; specific radioactivity was 8.68
µCi/mg (final 0.1 µCi/mg); chemical purity 99.0-99.3%. B.n° of non-labelled
Benfluralin was 231EF4, purity 95.8%.
Expired air, urine and faeces was sampled at 6, 24, and 48h after administration.
Urine and faeces were used to develop analytical methods for metabolite
identification (data not shown).
Expired air was extracted from the metabolism chamber, and passed through
successively a CO2 trapping solution (1:2 v:v monoethanolamine:methyl cellosolve)
and silica gel trap (solvent removal). Radioactivity of the trapping solutions was
measured by liquid scintillation (LSC).

Test material:

Benfluralin (referred to in report as ‘Benefin’)
Purity: 95.8%
Batch No.: 231EF4

Results
The results are summarized in table B.6.1.1-1.The total amount of radioactivity excreted as CO2, collected up to
48h post-dosing, amounted to maximally 21 ppm (0.16% of administered dose).
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Table B.6.1.1-1: Excretion of 14CO2 after administration of 100 mg/kg bw 14C-Benfluralin to rats
sampling time (h)
6
24
48

in ppm
♂
11.0±1.0
9.0±1.0
n.d.

♀
9.0±1.0
9.0±1.0
3.0±2.0

in % of the dose
♂
♀
0.07±0.01
0.07±0.01
0.05±0.01
0.07±0.02
n.d.
0.02±0.01

RMS comments and conclusions
The following deviations were noted: The minimum group size should be four animals per sex. Observations
should have been continued until 95% of dose has been excreted or seven days, this study was terminated after 48
hours. The loss of radioactivity by the expired air is negligible.

CA 6.1.1/01b
Reference:

(1988a) Radiocarbon disposition in Fischer 344 rats
given single oral doses of 14C-benefin (EL-110, Compound 54521):
Pharmacokinetics, excretion and residual tissue levels.
, Report No. R16687

Report No.:
Guideline:

OECD guideline 417.

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Fischer CDF®
:BR (F-344) rats (140-186 g, 10-11 wk of age)] received a single
nominal dose of 100 or 500 mg/kg bw radiolabelled Benfluralin (actual doses 94.8
or 479.5 mg/kg bw) dissolved in a 10% w:v acacia-oil, at a dose-volume of 10
mL/kg. A pre-mix of labelled and unlabelled Benfluralin was prepared in acetone.
B.n° of [-U-14C]-Benfluralin was 553-JV-282; specific radioactivity was 8.68
µCi/mg (final 0.25 or 0.05 µCi/mg for the low and high dose respectively);
radiochemical purity 99.0-99.3%. B.n° of non-labelled Benfluralin was 231EF4,
purity 96.1%.
The treatment groups were constituted as follows:
(i) pharmacokinetic study
5 rats/sex/dose received [-U-14C]-Benfluralin, at a single oral dose of 100 mg/kg
bw or 500 mg/kg, for the assessment of blood.
Whole blood (about 100-300 µL from orbital sinus) was sampled in heparinized
vials at 1, 5, 10, 24, 48, 72, 96, 144 and 196h post-dose, and terminated on d8.
Following the 24h sampling time, 5 mL of physiological saline was injected s.c. to
compensate for fluid loss. Plasma and RBC was separated by centrifugation.
(ii) tissue distribution study
[-U-14C]-Benfluralin was administered a single oral dose of 100 mg/kg bw (6♂
and 4♀) or 500 mg/kg bw (5 rats/sex/dose, for the assessment of the tissues and
organs at termination (d7).
Urine and faeces were collected daily. In the study report, it was mentioned that,
following quantitation, urine and faeces samples would be saved for metabolite
identification (see Berard, 1988, study ABC-0389).
Blood was obtained at termination by exsanguination under ether anaesthesia. The
haematocrit was measured, and radioactivity determined in aliquots of whole blood
(via sample oxidation) and plasma. The RBC/plasma radioactivity proportion was

RMS: NO
Co-RMS: NL

- 12 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

calculated.
Tissues and organs included bone (femur), perirenal fat, gonads, uterus, heart,
kidney, liver, lung, skeletal muscle, brain, spleen and residual carcass (adrenales,
thyroid, skin and GIT not measured).
Radioactivity was quantified as follows:
(i) Toxicokinetic study: plasma was measured directly by LSC.
(ii) Urine and faeces analysis study: urine was measured directly by LSC; Faeces
was homogenized, combusted and radioactivity assessed using LS cocktail
suitable for 14CO2 absorption.
(iii) Tissue distribution study: Blood, bone and spleen were analyzed by
combustion; Brain, kidneys and liver were homogenized in a.d., and homogenate
solubilized; Residual carcass was dissolved in a heat ethanol/KOH solution
under stirring, and subsequently decolorized in a H2O2/methanol mixture. The
digest was incubated for 18h (50°C) in the presence of LSC cocktail, to allow
rapid decay of the residual sample chemiluminescence. All samples were
measured by LSC.
Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 96.1%
Batch No.: 231EF4

Results
One female dosed at 500 mg/kg was lethargic and in poor condition from 24 hours post-dosing and throughout the
study. All of the animals dosed at 500 mg/kg voided orange coloured urine from 24 hours post dosing. The colour
intensity reduced over time and urine samples appeared normal by 96 hours post dosing. There were no deaths
during the course of the study.

Recovery:
Total recovery from urinary, faecal and tissue samples seven days after dosing was 94.7 ± 4.7% for males and 95
± 0.8% for females in the low dose group and 90.1 ± 3.3% for males and 85.5 ± 2.8% in females of the high dose
group.

Pharmacokinetics
At the low dose, the peak plasmatic level was achieved at 5-10h. At the high dose the absorption was somewhat
retarded as peak plasmatic levels were achieved at 24 h post-administration. The AUC-values indicated that
plasmatic concentration increased proportionally to the dose in both males and females. Females had however a
higher peak concentrations and AUC than males. The plasmatic half-life at both dose levels was approximately 55
hours for males and approximately 62 hours for females. (Se Table B.6.1.1-2)
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Table B.6.1.1-2 Kinetics in plasma after single administration of 14C-Benfluralin to rats
Mean concentration (μg-eq/mL)
Low dose - 100 mg/kg
High dose - 500 mg/kg
Time (hr)
male
female
male
female
1
2.58
2.52
3.90
4.48
5
9.23
10.38
12.49
14.23
10
8.52
13.43
25.90
31.92
24
3.42
4.56
34.20
36.0
48
1.39
2.19
12.40
17.89
72
0.96
1.62
6.35
9.77
96
0.71
1.24
4.40
7.32
144
0.39
0.77
2.77
4.79
192
0.22
0.43
1.49
2.75
Half-life (hours)
55.6
62.6
54.3
61.6
AUC (μg-eq/mL × hr)
300
451
1739
2286
Ratio AUC:dose
3.0
4.5
3.5
4.6

Excretion
Most of the radioactivity was eliminated at 48h. Males showed a higher excretion in feces and lower excretion in
urine than females. On day 7, males excreted 14.9% and 78.9% in urine and faeces respectively at the low dose,
and 11.8% and 77.7% in urine and faeces respectively at the high dose. Females excreted 22.6 % and 71 % in in
urine and faeces respectively at the low dose, and 19.9% and 64.6% in urine and faeces respectively at the high
dose. Except for the high-dose females group, recoveries were >90%.

Table B.6.1.1-3 Cumulative radioactivity after single administration of 14C-Benfluralin to rats (values in % of dose).
Dose (mg/kg bw/d)
100
500
Compartiment
t (h)
♂
♀
♂
♀
12.1
18.5
5.9
8.9
Urine
24
14.3
21.7
10.7
18.1
48
14.6
22.1
11.5
19.4
72
14.8
22.3
11.7
19.6
96
14.8
22.4
11.8
19.7
120
14.9
22.5
11.8
19.8
144
11.8
168
14.9
22.6
19.9
59.0
60.1
57.3
33.1
Faeces
24
75.7
68.8
75.0
59.2
48
76.9
70.5
77.0
63.7
72
78.2
70.7
77.5
64.3
96
78.6
70.8
77.6
64.4
120
78.8
70.9
77.6
64.5
144
168
78.9
71.0
77.7
64.6
Total excreta
93.9
93.7
89.5
84.5
Carcass
0.7
1.2
0.6
0.9
Tissues
0.1
0.1
0.0
0.1
Recovery (168h)
94.7
95.0
90.1
85.5

Distribution
Tissue to plasma ratios generally showed that tissue levels of radioactivity were greater than plasma levels. Red
cell to plasma ratios showed the erythrocytic radioactivity fraction was 4 times the plasma level in the low dose
animals and 2.4 times in the high dose group. Blood and fat concentrations in females were 2 to 3 times higher
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compared to males in both dose groups. The fraction of radioactivity remaining in the animals, seven days after
dosing was very low (see Table B.6.1.1-3). Values were similar at both dose levels with combined radioactivity
for all tissues and the residual carcass accounting for between 0.5 and 1.5% of administered dose. The majority of
this was found in the carcass (0.6 to 1.2%); a small amount in the liver (mean of 0.1% of administered dose.
Remaining tissues contained < 0.1%).

Table B.6.1.1-4 Benfluralin: radioactivity tissue distribution seven days after single oral dose - males
Tissue
Plasma
Blood
Bone
Fat
Muscle
Carcass
Brain
Heart
Kidney
Liver
Lung
Spleen
Testes
Urine
Faeces
Mean cumulative
percent of dose
recovered
RBC:Plasma
concentration ratio
na = not applicable.

Low dose (100 mg 14C-benfluralin/kg)
Tissue conc.
Tissue:
% of dose
(μg-eq/g)
plasma ratio
0.28
1.00
na
0.64
2.23
0.0
0.03
0.12
na
0.44
1.65
na
0.26
0.95
na
na
na
0.7
0.29
1.10
0.0
0.21
0.78
0.0
1.73
6.22
0.0
2.63
9.92
0.1
0.56
2.20
0.0
0.00
0.01
0.0
0.13
0.49
0.0
na
na
14.9
na
na
78.9

High dose (500 mg 14C-benfluralin/kg)
Tissue conc.
Tissue:
% of dose
(μg-eq/g)
plasma ratio
1.15
1.00
na
1.84
1.52
0.0
0.01
0.01
na
2.16
1.83
na
1.09
0.95
na
na
na
0.6
0.75
0.66
0.0
0.84
0.75
0.0
3.52
3.07
0.0
6.06
5.36
0.1
1.44
1.27
0.0
0.07
0.11
0.0
0.60
0.53
0.0
na
na
11.8
na
na
77.7

94.7 (including urine and faeces values)

90.1 (including urine and faeces values)

3.98

2.31
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Table B.6.1.1-5 Benfluralin: radioactivity tissue distribution seven days after single oral dose - females
Low dose (100 mg 14C-benfluralin/kg)
High dose (500 mg 14C-benfluralin/kg)
Tissue
Tissue conc
Tissue:
Tissue conc
Tissue:
% of dose
% of dose
(μg-eq/g)
plasma ratio
(μg-eq/g)
plasma ratio
Plasma
0.58
1.0
na
2.67
1.0
na
Blood
1.26
2.20
0.0
4.19
1.56
0.0
Bone
0.0
0.0
na
0.09
0.03
na
Fat
1.61
3.20
na
6.80
2.61
na
Muscle
0.44
0.76
na
1.83
0.68
na
Carcass
na
na
1.2
na
na
0.9
Brain
0.22
0.38
0.0
0.80
0.29
0.0
Heart
0.38
0.66
0.0
1.49
0.56
0.0
Kidney
1.46
2.54
0.0
5.51
2.07
0.0
Liver
2.47
4.34
0.1
8.10
3.05
0.1
Lung
0.67
1.16
0.0
2.54
0.95
0.0
Spleen
0.34
0.51
0.0
0.58
0.19
0.0
Ovary
0.32
0.63
0.0
1.53
0.58
0.0
Uterus
0.33
0.58
0.0
1.75
0.65
0.0
Urine
na
na
22.6
na
na
19.9
Faeces
na
na
71.0
na
na
64.6
Mean
cumulative
95.0 (including urine and faeces values)
85.5 (including urine and faeces values)
percent of dose
recovered
RBC:Plasma
3.98
2.45
concentration
ratio
na = not applicable

RMS comments and conclusions
The absorption of benfluralin was relatively rapid with peak plasmatic concentrations achieved at 5-10 hours (low
dose) and at 24 hours (high dose). The AUC-values indicated that plasmatic concentration increased
proportionally to the dose in both males and females. The plasmatic half-life at both dose levels was
approximately 55 hours for males and approximately 62 hours for females.
Most of the radioactivity was eliminated at 48h. Males showed a higher excretion in feces and lower excretion in
urine than females. On day 7, males excreted 14.9% and 78.9% in urine and faeces respectively at the low dose,
and 11.8 % and 77.7% in urine and faeces respectively at the high dose. Females excreted 22.6% and 71% in in
urine and faeces respectively at the low dose, and 19.9 % and 64.6 % in urine and faeces respectively at the high
dose. Biliary excretion in males was 7-8 % in males and 6 % (high dose) and (13% low dose) in females. The loss
of radioactivity by the expired air was negligible.
The highest tissue concentration in both dose groups appeared in liver, kidney and blood in males and in liver, fat,
kidney and blood in females. Tissue to plasma ratios generally showed that tissue levels of radioactivity were
greater than plasma levels. Red blood cell-to plasma ratios were about 4 (low-dose) and 2.4 (high-dose), indicating
an affinity of the radioactivity towards the erythrocyte fraction of the blood. Blood and fat concentrations in
females were 2 to 3 times higher compared to males in both dose groups.
The fraction of radioactivity remaining in the animals, seven days after dosing was very low. Values were similar
at both dose levels with combined radioactivity for all tissues and the residual carcass accounting for between 0.5
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and 1.5% of administered dose. The majority of this was found in the carcass (0.6 to 1.2%); a small amount in the
liver (mean of 0.1% of administered dose). Remaining tissues contained < 0.1% of administrated dose.

CA 5.1.1/03
Reference:

(1988b) Tissue distribution of
radioactivity in Fischer 344 rats given single oral doses of 14C-benefin (EL-110,
Compound 54521)

Report No.:

, Report No. R09987

Guideline:

OECD guideline 417.

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Five rats/sex/dose/treatment group [Fischer CDF®
:BR (F-344) rats (143-194 g,
10 wk of age)] received a single nominal dose of 100 or 500 mg/kg bw radiolabelled
Benfluralin (actual doses 94.7 (♂)-95.5 (♀) or 493.3 mg/kg bw) dissolved in a 10%
w:v acacia-oil, at a dose-volume of 10 mL/kg. A pre-mix of labelled and unlabelled
Benfluralin was prepared in acetone.
B.n° of [-U-14C]-Benfluralin was 553-JV8-282; specific radioactivity was 8.68
µCi/mg (final 0.25 or 0.05 µCi/mg for the low and high dose respectively);
radiochemical purity 99.0-99.3%. B.n° of non-labelled Benfluralin was 231EF4,
purity 96.1%.
The radioactivity of tissues and organs, of the carcass and of blood was determined at
termination (5h, 24h or 48h).
Blood was obtained at termination by exsanguination under ether anaesthesia. The
haematocrit was measured, and radioactivity determined in aliquots of whole blood
(via sample oxidation) and plasma. The RBC/plasma radioactivity proportion was
calculated.
Tissues and organs included bone (femur), perirenal fat, gonads, uterus, heart,
kidney, liver, lung, skeletal muscle, brain, spleen and residual carcass (adrenales,
thyroid, skin and GIT not measured).
Radioactivity was quantified as follows:
Blood, bone and spleen were analyzed by combustion; Brain, kidneys and liver were
homogenized in a.d., and the homogenate solubilized; Residual carcass was
dissolved in a heat ethanol/KOH solution under stirring, and subsequently
decolorized in a H2O2/methanol mixture. The digest was incubated for 18h (50°C) in
the presence of LSC cocktail, to allow rapid decay of the residual sample
chemiluminescence. All samples were measured by LSC.

Test material:

Benfluralin (referred to in report as ‘Benefin’)
Purity: 96.1%
Batch No.: 231EF4

Results
The results are summarised in table B.6.1.1-7.
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Table B.6.1.1-7: TRR in tissues, 5, 24 or 48h after single administration of 14C-Benfluralin to rats
Tissue concentration – μg-eq/g
Males
Females
100 mg/kg
500 mg/kg
100 mg/kg
500 mg/kg
5
48
24
48
5
48
24
48
Plasma
8.3
0.98
16.81
7.28
9.36
2.48
25.63
6.95
Blood
6.06
1.15
11.88
6.83
7.27
2.79
21.12
9.26
Bone
2.41
0.03
3.34
4.7
5.61
0.43
4.35
0.56
Fat
15.46
1.75
25.42
14.63
16.37
6.76
49.09
22.59
Muscle
2.49
0.47
4.13
2.95
3.45
1.22
6.06
2.91
Brain
2.32
0.26
2.7
1.42
3.17
0.45
3.51
1.21
Heart
4.6
0.46
6.15
3.08
6.31
1.04
9.13
2.77
Liver
24.59
4.37
32.68
21.29
33.39
7.13
42.7
17.89
Kidney
13.29
1.66
24.38
11.33
14.36
3.31
28.56
8.69
Lung
5.8
0.78
9.37
5.33
7.55
1.78
13.49
4.66
Spleen
3.36
0.12
2.85
0.8
3.5
0.85
4.78
0.55
Testes
2.49
0.34
4.8
2.18
na
na
na
na
Ovary
Na
na
na
na
7.95
1.75
14.31
4.42
Uterus
Na
na
na
na
3.77
1.12
9.57
3.83
na = not applicable.

Initially, the highest part of the radioactivity (81-90% at low dose, and 55-73% at high dose) was located into the
carcass. In the low-dose group, residue level at 5 h was the highest in the liver, fat and kidney. At 48h, residues in
tissues with the highest levels (blood, fat, kidney, liver and plasma) decreased rapidly to about 11-19% (males) or
21-38% (females) of the initial value. The decrease was less marked in the blood (males and females) and fat
(females). At both time points, the tissue-to-plasma ratio was <1 for most tissues (including blood at 5h), with fat,
kidney and liver being the exception. For liver (males and females) and fat (females), this ratio increased markedly
at 48h.

At the high dose, the tissues with the highest residue level at 24h included again liver (33-43 ppm), kidney (24-29
ppm) and fat (25-49 ppm). The decrease was less rapid than at the low dose, as the levels at 48h ranged from 4365% (males) and 42-46% of initial values in the most affected tissues. As for the low dose, the concentration of
radioactivity was higher in fat, kidney and liver than that observed in the plasma, in contrast to the remaining
tissues. In liver and fat, the tissue-to-plasma ratio remained relatively high at 48h.

In both dose groups, tissue residues were mostly higher in females than in the males. This was most marked in the
adipose tissue. For most tissues, there was fairly good proportion of residues between administered doses (x5) at
termination in the males (on average 6.5x), while in the females, there was a slight hypoproportionality (on
average 2.7x).
At the first time point the RBC:plasma concentration was about 0.5, while the figure was 1.4 at termination.

RMS comments and conclusion
Initially carcass, liver, fat and kidneys had the highest percentage of total radioactivity in males and females at
both dose levels. Tissue concentration percentages dropped rapidly over the 48 hour study period. The highest
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concentrations, 48 hours after dosing, were found in liver, kidneys, fat and blood. The highest residue level was
recovered in the liver (0.1% of the dose) and carcass (0.5-1.5% of the dose), while other tissues contained <0.1%
The RBC concentrations were 2.4-4 higher than the plasmatic concentrations. In both dose groups, tissue
residues were mostly higher in females than in the males. This was most marked in the adipose tissue, indicating
an affinity to body fat.

CA 5.1.1/04
Reference:

(1988c) Biliary excretion of radioactivity
by Fischer 344 rats given single oral doses of 14C benefin (EL-110, Compound
54521)
, Report No. R09987 and R23887.

Report No.:
Guideline:

OECD guideline 417.

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

Fischer CDF®
:BR (F-344) rats (155-188 g, 10-13 wk of age) received [-U14C]-Benfluralin (B.n° 553-JV8-282, radiochemical purity 99.0-99.3%) mixed to
unlabelled Benfluralin (B.n° 231EF4, purity 96.1%). The dose-volume was 10
mL/kg. Ten§ males and 5 females received a nominal dose of 100 mg/kg bw,
corresponding to 94.8, 93.9 or 96.7 mg/kg bw (actual dose). Five males and 5
females received a nominal dose of 500 mg/kg bw. The specific radioactivity was
0.25 µCi/mg (low dose) or 0.05 µCi/mg (high dose).
The a.i. was administered minimally 45’ after bile-duct cannulation. Bile was
collected during 24h after administration and snap-frozen on dry ice. Urine, faeces or
cagewash were not collected, and carcass, GIT or organs/tissues were not retained for
analysis. Bile radioactivity was measured directly by LSC. According to the protocol,
bile was then re-frozen for metabolite identification studies (data not given, analysis
was not performed).
§: it was not explained in the protocol why a different number of ♂ were used, but
individual data revealed that 2/5♂ were excluded from the study because of detached
cannula, and because of insufficient bile flow (volume=0.9 mL). Hence, a total of 8♂
were available for the bile collection.

Test material:

Benfluralin (referred to in report as ‘Benefin’)
Purity: 96.1%
Batch No.: 231EF4

Results
Excretion:
The results are shown in Table 6.1.1-9. Differences in bile volume were considered to have arisen as a result of
individual animal variation and varied response to surgery rather than as a reaction to treatment with benfluralin.
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Table B.6.1.1-9
Excretion data following oral administration to bile duct cannulated rats
Group
Low dose – 100 mg/kg
High dose – 500 mg/kg
Sex
male
Female
male
female
Bile volume (mL) 08.5
7.8
9.1
8.2
24h
Radioactivity in
excreted bile
1.25
1.87
7.4
4.16
(mg-eq) 0-24h
Proportion of dose
excreted in bile (% of
7.0
12.9
8.3
5.7
dose) 0-24h
Total Recovery
7.0
12.9
8.3
5.7

RMS comments and Conclusions
The biliary route of excretion was shown to be a minor route for elimination of benfluralin, between 6 and 13% of
administered dose being excreted following dosing at 100 or 500 mg/kg. The radioactivity excretion via bile was
not dose proportional in the females possibly indicating differences in overall absorption and/or excretion over the
tested dose range. However, these conclusions should be taken with caution, as no mass balance was established,
in the absence of radioactivity data in the other compartments.

CA 5.1.1/05
Reference:

(1988d) Radiocarbon disposition in
Fischer 344 rats given multiple oral doses of unlabeled benefin (EL-110, Compound
54521) followed by a single oral dose of 14C-benefin: excretion and residual tissue
levels

Report No.:

, Report No. R03588

Guideline:

OECD guideline 417

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Eight rats/sex [Fischer CDF®
:BR (F-344) rats (160-189 g, 10-11 wk of age)]
received a daily dose of 100 mg/kg bw of unlabelled Benfluralin during 14d by
gavage. On d15, 5/8 rats/sex received a single dose of radiolabelled Benfluralin
(actual doses 96.4 mg/kg bw) dissolved in a 10% w:v acacia-oil, at a dose-volume of
10 mL/kg. A pre-mix of labelled and unlabelled Benfluralin was prepared in acetone.
The animals were sacrificed 7d after the administration of radiolabelled compound.
Urine and faeces were collected daily during 7d following administration of
radiolabelled compound.
Blood was obtained at termination by exsanguination under ether anaesthesia. The
haematocrit was measured, and radioactivity determined in aliquots of whole blood
(via sample oxidation) and in plasma. The RBC/plasma radioactivity proportion was
calculated.
Tissues and organs included bone (femur), perirenal fat, gonads, uterus, heart,
kidney, liver, lung, skeletal muscle, brain, spleen and residual carcass (adrenals,
thyroid, skin and GIT not measured).
Radioactivity was quantified as follows:
Urine and faeces analysis study: urine was measured directly by LSC; Faeces was
homogenized, combusted and radioactivity assessed using LS cocktail suitable for
14
CO2 absorption.
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Tissue distribution study: Blood, bone and spleen were analyzed by combustion;
Brain, kidneys and liver were homogenized in a.d., and homogenate solubilized;
Residual carcass was dissolved in a heat ethanol/KOH solution under stirring, and
subsequently decolorized in a H2O2/methanol mixture. The digest was incubated for
18h (50°C) in the presence of LSC cocktail, to allow rapid decay of the residual
sample chemiluminescence. All samples were measured by LSC.
Test material:

Benfluralin (referred to in report as ‘Benefin’)
Purity: 96.1%
Batch No.: 231EF4

Results
Excretion:
Radioactivity excretion was rapid and extensive in both males and females with the majority of radioactivity
excreted within the first 48 hours following dosing. Faecal excretion accounted for 74.6% or 72.4% of
administered dose in males and females respectively. Urinary excretion accounted for 13% or 16.6% of the
radioactive dose in males and females respectively. The total radioactivity collected in excreta over the seven day
period accounted for 87.6% of dose in males and 89.1% of dose in females.
The fraction of radioactivity remaining seven days after dosing in the tissues plus the dissected carcass was very
low, 0.3 to 0.7% of administered radioactivity, with the residual carcass accounting for 0.3 or 0.5% of
administered dose in the males and females respectively. The liver contained a mean of 0.1% in both sexes and the
remaining tissues all contained less than 0.1% of administered dose.
Generally the tissue to plasma concentration ration showed that radioactivity levels were higher in the tissues, and
erythrocyte to plasma ratios indicated the concentration in red cells was 8 times that in plasma.

Table B.6.1.1-10: Benfluralin: plasma radioactivity levels following single oral dose
Mean cumulative radioactivity percent excreted up to seven days after completion of dosing
Dose level - 100 mg/kg
Days after
Male
female
final dose
urine
faeces
total
urine
faeces
1
11.0
67.9
78.9
13.5
64.2
2
12.7
74.0
86.7
16.1
71.5
3
12.9
74.4
87.3
16.3
72.0
4
13.0
74.5
87.5
16.5
72.2
5
13.0
74.6
87.6
16.6
72.3
6
13.0
74.6
87.6
16.6
72.4
7
13.0
74.6
87.6
16.6
72.4

total
77.7
87.6
88.4
88.7
88.9
89.0
89.1
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Table B.6.1.1-11: Benfluralin: radioactivity tissue distribution seven days after single oral dose
Males
Females
Tissue
Tissue conc
Tissue:
Tissue conc
Tissue:
% of dose
(μg-eq/g)
plasma ratio
(μg-eq/g)
plasma ratio
Plasma
0.11
1.00
na
0.33
1.00
Blood
0.54
5.90
0.0
0.82
2.65
Bone
0.00
0.00
na
0.00
0.02
Fat
0.28
3.30
na
0.72
2.50
Muscle
0.30
3.74
na
0.42
1.40
Carcass
na
na
0.3
na
na
Brain
0.16
2.34
0.0
0.19
0.63
Heart
0.21
2.81
0.0
0.33
1.14
Liver
1.40
21.43
0.1
1.56
5.30
Kidney
0.68
9.21
0.0
0.94
3.14
Lung
0.38
4.73
0.0
0.51
1.69
Spleen
0.00
0.00
0.0
0.13
0.34
Testes
0.14
1.90
0.0
na
na
Ovary
na
na
na
0.33
1.01
Uterus
na
na
na
0.39
1.27
Urine
na
na
13.0
na
na
Faeces
na
na
74.6
na
na
Mean cumulative
87.9
89.7
percent of dose
recovered
RBC:Plasma
11.65
4.89
concentration ratio
na = not applicable.

% of dose
na
0.0
na
na
na
0.5
0.0
0.0
0.1
0.0
0.0
0.0
na
0.0
0.0
16.6
72.4

Conclusions
The major part of the radioactivity was voided 24 hours after the last dosage, both in the urine and in the faeces.
At termination, about 13-16% and 72-75% of radioactivity was excreted in urine and faeces respectively, and this
proportion was comparable to that obtained after single administration in the first study (

1988a) (15-

23% and 71-79% in the urine and faeces respectively). The residual values in the carcass were 0.3-0.5%, which
were slightly lower than those after single treatment (0.7-1.2%). Pre-treatment with unlabelled benfluralin had no
apparent effect on the distribution or excretion of the radiolabelled test substance.

CA 5.1.1/06
Reference:

(1988) Characterisation and identification of radioactivity in urine and
feces of rats dosed with 14C benefin

Report No.:

, Report No. ABC-0389

Guideline:

OECD guideline 417.

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Radiolabelled benfluralin was administered as a single oral dose of 100 mg/kg bw (6
males and 4 females) or 500 mg/kg bw (5 rats/sex/dose). Urine and faeces were
collected daily (days 1-3) for metabolite identification. Faecal samples were
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extracted with methanol. After the evaporation of methanol from the extract, the
resulting aqueous solution was partitioned with ethyl acetate. Urine samples and the
ethyl acetate extract of faces were fractionised using column chromatograph. The
fractions were analysed for metabolites using thin-layer chromatography. The
identification of major metabolites was conducted with synthesised reference
compound and mass spectral analysis.
Test material:

Benfluralin (referred to in report as ‘Benefin’)
Purity: 96.1%
Batch No.: 231EF4

Results
About 80 % of the total radioactivity in the feces was present in in the ethyl acetate extract (table B.6.1.1-11). This
represented 57.5 % of the total dose. Column chromatography of the ethyl acetate extracts demonstrated three
fractions, containing two major and one minor non-polar components. Co–chromatography with synthesised
materials demonstrated the presence of parent benfluralin representing 34.8% of the total dose, and two reduced
non-polar metabolites representing 5.4% and 0.2% of the total dose as the major zones of radioactivity. None of
the other zones represented more than 1% of total dose and were not characterised further.

Table B.6.1.1-11: radioactivity in faecal extracts (d1-3) after single administration of 14C-Benfluralin to rats (Values
reported as % of administered doses and represents the averages of 4-6 animals).

Fractionation of the urine samples indicated that most of the non-polar components present in faeces were absent
from urine. All samples contained similar regions of polar radioactivity and when fractions of like polarity were
combined it was determined that no sample, in all groups, contained more than 10% 14C benfluralin dose. The
major radioactive zone of the least polar fraction co-chromatographed with a di dealkylated reference compound
but represented only 0.2% of total dose. None of the other zones represented more than 1% of total dose and were
not characterised further. In addition, the thin layer chromatography indicated approximately 100 zones in each
excreta sample, which represented 0.05 to 0.9% of the radiolabeled benfluralin. Attempts to identify these minor
metabolites by mass spectroscopy were unsuccessful.
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RMS comments and conclusion
Benfluralin was the most prominent compound recovered in the faeces, representing 35 % of the total dose. Three
non-polar metabolites, two in feces and one in urine were identified. In addition, the presence of approximately
100 zones in each excreta sample was demonstrated, corresponding individually to about 0.05-0.9% of the dose.
Therefore, further identification of these minor metabolites was not considered meaningful. The metabolism
pathway in the rat is shown in figure figure B.6.1.1.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Data gap: All experts agreed to set a data gap for the applicant to propose a residue definition for body fluids and
tissues.
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Figure B. 6.1.1 Metabolic transformation of benfluralin in the rat

Code
Benfluralin
cmp # 3

occurrence (%)
34.8
0.2

cmp # 36
cmp # 37

5.4
0.2

Chemical name
N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-para-toluidine
2,6-dinitro-4-trifluoro-methyl aniline
N-butyl-N-ethyl-α,α,α-trifluoro-5-nitrotoluene-3,4,5- triamine
N-butyl-N-ethyl-α,α,α-trifluorotoluene-2,6-dinitro-para-toluidine
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B.6.1.2

Absorption, distribution, metabolism and excretion by other routes

None submitted. Dermal absorption studies was performed with the representative formulation.

B.6.1.3

Comparative in vitro metabolism study

CA 5.1.2/01
Reference:

Zhang, F., McClymont E.L., Erskine, T.C., Hales C.A. (2016) Benfluralin: In
vitro comparative metabolism using liver microsomes from CD1(ICR) mice,
F344/
rats, New Zealand White rabbits, Beagle dogs and human donors

Syngenta Report No.:

Toxicology and Environmental Research and Consulting, Report No. 151074

Guideline:

None

GLP:
Acceptability

Yes
Acceptable

Previous evaluation:

None; submitted for the purpose of active substance renewal

Material and methods

Pooled liver microsomes from the non-human species (mice, rats, rabbit
and dog) were obtained from
as samples
pooled by gender and consisting of greater than or equal to 3 animals per species.
The human donor samples, also obtained from
were comprised of liver microsomes from individual donors with an overall
age range of 18-65 years, mixed smoker/non-smoker status and female donors were
not regnant.
Dosing solutions
Evaluation of the solubility of 14C-benfluralin in the buffer (0.1 M potassium
phosphate solution at pH 7.4) indicated that 0.5 ppm (1.49 μM) had the best
homogeneity. A stock solution of 14C-benfluralin was prepared at a target
concentration of 50 ppm (149 μM) in dimethyl sulfoxide (DMSO) and used to
administer a dose to incubation samples equivalent to an exposure concentration of
0.5 ppm (1.49 μM).
A single stock solution of the positive control test material, 7-ethoxycoumarin, was
prepared at a concentration of 50 mM in DMSO to administer a dose to incubation
samples equivalent to a final exposure concentration of 500 μM. Incubation
concentrations were based upon draft guidance for this study type (McClymont et al.,
2014).
The concentration and homogeneity of the stock solutions of 14C-benfluralin and 7–
Ethoxycoumarin for the definitive portion of the study (Stage II described below)
were determined in accordance with the standard operating procedures of the
Analytical Chemistry Laboratory.
.
Incubation
Stage I – Pilot Incubations
Incubations were performed with rat liver microsomes according to conditions
described in previous work to evaluate the formation and stability of the metabolites
and substrate. Duplicate incubations of rat liver microsomes were performed with
the following reagents at the corresponding concentrations:
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Reagent
Microsomes
14
C-benfluralin
NADPH
UDPGA
Alamethicin
Magnesium Chloride
Potassium Phosphate Buffer (KPS)

Concentration
1 mg/mL
0.5 ppm (~1.49 μM)
1.3 mM
5 mM
10 μg/mL
3.3 mM
0.1 M; pH 7.4

Rat liver microsomes were removed from storage and were thawed on wet ice prior
to experimental start. Once thawed, the microsomes from individual genders were
pooled equally to provide a source of mixed gender microsomes and were then
aliquoted into individually labelled vials containing buffer and placed on wet ice with
alamethicin and magnesium chloride for 15 minutes. Incubations were initiated upon
the addition of NADPH, UDPGA, and the dose stock solution. Incubations were
placed into a shaking water bath for 30 minutes and maintained at 37°C. The
incubations were quenched with 200 μL of acetonitrile containing 1% formic acid
and immediately vortex-mixed.
Samples were centrifuged at 15000 rcf for 10 minutes and the supernatant transferred
to high-recovery autosampler vials and stored at -80°C until analysis. Samples were
individually thawed and mixed immediately, to ensure homogeneity, prior to
analysis. Duplicate control incubations were made similarly to the pilot rat
microsomal incubations, however, NADPH was added after the quenching solution
(200 μL acetonitrile with 1% formic acid) to prevent metabolism, but retain the same
matrix for comparative analysis. Both sets of incubations were analysed using HPLC
with eluent fractions collected and analysed for radioactivity via LSS.
Radiochemical profiles were used for verification of applicability of the test system.
From the Stage I experiment, the metabolite stability and formation in rat
microsomes as well as mass balance recoveries were assessed to determine suitability
to advance to Stage II.
Stage II – Definitive Incubations
The samples used in the Stage II experiment are outlined in the following table
Replicates1
Sample
3
Test Species –
N=3
Test Material
Test Species3 –
N=2
Positive Control
Test Species3 –
N=1
Vehicle Control
No Enzyme
N=1
Control
Test Species3 –
N=1
No Cofactor
Control

Test Material2
14
C-benfluralin
(1.49 μM)
Ethoxycoumarin
(500 μM)
None (Solvent
only) 4
14
C-benfluralin
(1.49 μM)
14

C-benfluralin
(1.49 μM)

Cofactors
NADPH,
UDPGA

NADPH,
UDPGA
NADPH,
UDPGA

Enzyme
Liver
Microsomes
Liver
Microsomes
Liver
Microsomes
None
(Buffer)4

None
(Buffer)4

Liver
Microsomes

NADPH

N refers to Number of replicates per species; for the “No Enzyme Control”, N=1 replicate per day.
Single concentration.
3
Test Species are one of the following: F344/
Rat, CD1(ICR) Mouse, New Zealand White
Rabbit, Beagle Dog or Human Donor.
4
Added to maintain equivalent incubation volume
1
2
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Metabolite identification in incubation samples
Reference standards, representative liver microsome incubation samples of each
species and negative control incubation samples (supernatants) were analyzed by
HPLC coupled with quantitative time-of-flight mass spectrometry using electrospray
ionization (ESI/QTOFMS). Mass spectral analysis was attempted to tentatively or
positively identify parent and metabolites. Metabolites that were formed in human
microsomal incubations were considered unique if the radioactive concentration of
the metabolite was ≥5% of the initial radioactive substrate concentration and the
metabolite was not found to be quantifiable in any other species tested.
Test material:

Benfluralin (referred to in report as ‘Benefin’)
Purity: 98.7 %
Batch No.: ACD13683

Results
Dose stock analyses
The measured concentration of the

C-benfluralin dose stock was 55.6 μg/mL, which is 111% of the target

14

concentration. Triplicate aliquots of the

14

C-benfluralin dose stock were also analysed by LSS to determine

homogeneity. The homogeneity analysis of the 14C-benfluralin dose stock showed that the radiolabel in the dose
solution was homogenous with 0.8% relative standard deviation between aliquots.
The measured concentration of the 7-EC dose stock was 10089 μg/mL, which was equivalent to 106% of the
target concentration. The homogeneity analysis of the 7-EC dose stock showed that the dose solution was
homogenous with 0.4% relative standard deviation between aliquots.

Mass balance determination
Based on data from the final incubation supernatants, the average mass balance values for
the 14C-benfluralin incubation samples in microsomes ranged from 85-96% of the initial
substrate concentration. Average radioactivity recovered is shown in the table B.6.1.3-1.
Table B.6.1.3-1: Average radioactivity recovered from Stage II – definitive incubations
Aliquot
Analysis
Corrected
Total
Total
Background
Incubation
Volume
Volume
Sample
Volume
Sample
DPM
(μL)
DPM
DPM
(μL)
DPM
Mouse 1
3456
3430
109760
Mouse 2
3250
3224
103168
Mouse 3
3316
3290
105280
Mouse NCC
3030
3004
96128
Mouse VC
28
2
64
Rat 1
3147
3121
99872
Rat 2
3320
3294
105408
50
26
1600
Rat 3
3075
3049
97568
Rat NCC
3075
3049
97568
Rat VC
29
3
96
Rabbit 1
3103
3077
98464
Rabbit 2
3381
3355
107360
Rabbit 3
3154
3128
100096
Rabbit NCC
2978
2952
94464

Percent
Recovered
99.0%
93.1%
95.0%
86.7%
0%
90.1%
95.1%
88.0%
88.0%
0%
88.8%
96.9%
90.3%
85.2%

Average
Percent
Recovered
95.7%
91.1%
92.0%
-
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Rabbit VC
Dog 1
Dog 2
Dog 3
Dog NCC
Dog VC
Human 1
Human 2
Human 3
Human NCC
Human VC
No Enzyme

21
2893
2943
3060
2992
21
3207
3193
3140
2872
26
1588

0
2867
2917
3034
2966
0
3181
3167
3114
2846
0
1562

0
91744
93344
97088
94912
0
101792
101344
99648
91072
0
49984

0%
82.8%
84.2%
87.6%
85.6%
0%
91.8%
91.4%
89.9%
82.2%
0
45%

84.9%
91.1%
-

Microsomal activity in positive control incubations
The measured rate of 7-ethoxycoumarin dealkylation (i.e.,formation of the umbelliferone metabolite) in each
species was also compared to the vendor-supplied values of each species. Measured metabolite formation rates in
pooled microsomes from mouse, rat, rabbit, dog, and human ranged from 517 to 2131 pmol/mg protein/min.
These measured metabolite formation rates for the mouse, rat, rabbit, dog, and human liver microsomes were 42,
56, 50, 61, and 43 % of the averaged vendor values, respectively. The difference between the measured metabolite
formation rate and the averaged vendor values were approximately within a factor of two. The mouse and the
human microsomes were slightly below the 50 % threshold. However based on the radiochemical profiles, the test
material was completely metabolized in the mouse and human incubations containing all cofactors, therefore the
lower activity did not appear to affect metabolism. The results are shown in table B.6.1.3-2.
Table B.6.1.3-2 Vendor reported literature values and averaged enzyme activity of 7-ethoxycoumarin in pooled
microsomes.

Radiochemical profiling and metabolite identification
14

C-Benfluralin was extensively metabolized in all species with a total of 27 different radiochemical peaks and

retention times observed. There were a large number of potential metabolites. Two metabolites were only formed
in human liver microsomes (i.e. 10 and 26). However the abundance of these metabolites was < 5 % initial
substrate concentration. All metabolites formed in human liver microsomes > 5% of the initial substrate
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concentration were also formed in mouse, rat, dog, and rabbit liver microsomes. Relatively, fewer metabolites
were formed in rabbit liver microsomal incubations (i.e. 13) although the parent test material was completely
metabolized. The results are shown in table B.6.1.3-3.

Table B.6.1.3-3 Metabolite presence and abundance across species

RMS comments and conclusions
All metabolites formed in human liver microsomes >5% of the initial substrate concentration were also formed in
mouse, rat, dog, and rabbit liver microsomes. Two metabolites were only formed in human liver microsomes.
However the abundance of these metabolites was <5% initial substrate concentration. Qualitative and quantitative
differences in metabolite formation were observed between mouse, rat, dog, and rabbit. It is to be noted that the
abundance of metabolites in this study was less than seen in in vivo, probably due the absence of reductive
metabolism in the in vitro study.
Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The majority of the experts agreed that Peak 3 and Peak 7 should be characterized and that their toxicological
relevance should be assessed, because they are significantly higher in human material than in the other four
species tested. The experts agreed to set a data gap to address this.
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B.6.2

Acute toxicity

Summary
Acute toxicity:
Table B.6.2-01. Summary of acute toxicity studies
Test
Vehicle
Method
Species
substance
Guideline Strain
/ Route
Sex
No./dose
Benfluralin 25%
Oral
suspension
in 0.5%
w:v
hydroxypropyl
methylcellulose
Benfluralin Applied in
Dermal
solid form

OECD TG
401

OECD TG
402

Dose levels LD50/
LC50

Rat
Fischer 344
(strain)
M, F
5/ dose level

M/F: 5000
mg/kg bw

Rabbit
New Zealand
White
Lsr: (NZW)
M, F
5/dose level

M/F: 5000
mg/kg bw

LD50
fasted
M/F:
>5000
mg/kg
bw

LD50
M/F:
>5000
mg/kg
bw

Classification
according to
EU CLP
Regulation
No. 1272/2008
Not classified

Reference

New
data for
Annex I
renewal
Y/N
N

(1996)
Report No.
DR-00973397-006A

Not classified

N

(1990)
Report No.
B04990
Benfluralin Moistened
Dermal
with 5.0 ml
of 0.5%
aqueous
methylcellu
lose
Benfluralin Inhalation
(4hr, noseonly,
aerosol)

OECD TG
402

OECD TG
403

Rabbit
New Zealand
White (strain)
M, F
5/dose level

M/F: 5000
mg/kg bw

Rat,
Fisher 344/
M, F
5/dose level

M/F: 1.12
mg/l air,
2.16 mg/l
air
(technical
highest
attainable
concentration)

LD50
M/F:
>5000
mg/kg
bw

Not classified

LC50
STOT-SE
M/F:
category 2
>2.16
mg/L
air
(techni
cal
highest
attainable
concentration

N
(1997)
Report No.
971155
N
(1986)
Report No.
R-H-04885

M. male; F: female

All acute toxicity studies were conducted in accordance with the OECD Principles of Good Laboratory Practice
(1981).The acute toxicity of benfluralin after oral, dermal or inhalation exposure was relatively low. The results of
acute toxicity testing do not trigger classification or labelling for acute toxic properties according to CLP
Regulation (EC) No. 1272/2008. Clinical signs such as hypoactivity, perineal soiling with urine and lachrimation
were noted in rats following oral administration (5000 mg/kg bw). Desquamation and signs of skin irritation
(moderate to severe erythema and oedema), which cleared in all animals within 28 days, were observed after
dermal administration of benfluralin in solid form. Upon dermal administration of benfluralin moistened with
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aqueous methylcellulose, some degree of erythema and oedema (males and females), burns and fissures at the site
(males) and scale formation and scabs (males and females) was observed. Upon inhalation exposure to the highest
attainable concentration (2.16 mg/L), which notably did not contain a respirable fraction, two males and one
female died, and the observed clinical signs included dyspnoea, hypoactivity, poor grooming and body weight
loss. Considering the difficulties in generating a respirable fraction, due to the physico-chemical characteristics of
the compound, RMS agrees with the previous conclusion in the DAR that classification for acute inhalation
toxicity is not required for benfluralin. However, considering the hepatic and pulmonary congestion revealed by
necroscopy in two males and one female exposed to 2.16 mg/L which died during the exposure, RMS proposes
classification for STOT-SE category 2. Based on the previous evaluation (DAR, 2006), EFSA concluded (EFSA
Scientific Report (2008) 127, 1-82, Conclusion on the peer review of benfluralin) that the rat inhalation LC50
should be 2.16 mg/L air < LC50 < 5 mg/L air /4 h (dust, nose only). In contrast, RMS proposes that the rat
inhalation LC50 should be LC50 (dust, nose only) > 2.16 mg/L air/4 h.
Skin- and eye irritation:
Table B.6.2-02. Summary of skin- and eye irritation studies
Test
Method
Species
Dose level Remarks
substance / Guideline
Strain
Route
Sex
No./dose
Benfluralin

OECD TG
404

Skin

Benfluralin

OECD TG
404

Rabbit
New Zealand
White,
(Lsr:(NZW)
M, F
3/ dose level

OECD TG
405

Rabbit
New Zealand
White
M, F
3/ dose level

Skin

Benfluralin

Rabbit
New Zealand
White
M, F
3/ dose level

Eye

M. male; F: female

M/F: 0.5 g
(not
moistened)

Erythema:
M: 1.0/2.0/1.7
F: 2.0/2.0/2.0

Classification
according to
EU CLP
Regulation
No. 1272/2008
Skin Irrit. Cat.
2’ (H315:
Causes skin
irritation).

Oedema:
M: 1.0/1.0/1.0
F: 1.0/1.0/1.3
Erythema
persists in 3 out
of 6 rabbits at the
end of the study
M/F: 0.5 g Erythema:
Skin Irrit. Cat.
(moistened M: 0/0/0.3
2’ (H315:
with 0.5
F: 0.7/0.7/0.3
Causes skin
mL of
irritation).
0.5%
Oedema:
aqueous
M: 0.7/0.3/1.0
methylcellu F: 2.0/0.3/1.3
lose)
Scaliness
observed in 5 out
of 6 rabbits at
study termination
0.1 g
Mean scores:
Eye Irrit. Cat.
aliquot
Corneal opacity: 2’ (H319:
1.06
Causes serious
Iris lesion: 0.61
eye irritation)
Conjunctiva
redness: 2.33
Conjunctiva
chemosis: 2.44

Reference

New data
for
Annex I
renewal
Y/N
N

(1990)
Report No.
B09690

N
(1997)
Report No.
971153

N
(1997)
Report No.
971154
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All skin- and eye irritation studies were conducted in accordance with the OECD Principles of Good Laboratory
Practice (1981). Benfluralin caused moderate skin irritation, and the mean scores of 24-72 hours were below the
trigger for classifiication according to CLP Regulation (EC) No. 1272/2008 . However, as erythema persisted in 3
out of 6 rabbits at the end of the observation period (when applied as not moistened), and scaliness was observed
in 5/6 animals at the end of the observation period (when applied as moistened), the test substance should be
classified as ‘Skin Irrit. Cat. 2’ (H315: Causes skin irritation). This classification proposal is in accordance with
EFSA’s conclusion on the previous evaluation (EFSA Scientific Report (2008) 127, 1-82, Conclusion on the peer
review of Benfluralin), where benfluralin was proposed to be classified as a R38 skin irritant. However, the
previous proposal was based on the 21-day studies in rabbits, described in section B.6.3. At the time of the
previous evaluation, the findings from the acute skin irritation studies did not trigger classification as a skin
irritant.

The results of the eye irritation study, show that benfluralin should be considered as an eye irritant. According to
the criteria defined in the CLP Regulation (EC) No. 1272/2008, the mean scores for corneal opacity, conjunctival
redness and conjunctival chemosis (oedema), following grading at 24, 48 and 72 hours after installation of the test
material, are above the trigger for classification as ‘Eye Irrit. Cat. 2’ (H319: Causes serious eye irritation).

Skin sensitisation:

Table B.6.2-03. Summary of relevant skin sensitisation studies.
Test
Method
Species
Dose level
substance Guideline
Strain
/ Route
Sex
No./dose
Benfluralin OECD TG
406, modified
Skin
Buehler
method
Benfluralin OECD TG
406,
Skin
Maximisation
test of
Magnusson
and Kligman
M. male; F: female

Guinea pig
Hartley
F
12 (test)
6 (control)
Guinea pig
:(HA)BR
Sex not stated
20 (test)
20 (control)

Remarks

Dermal
induction: 5 %
Challenge: 5 %

Sensitisation rate
75%

Intradermal
injection: 5%
Dermal
induction: 25 %
Challenge: 10 %

Sensitisation rate
95%

Classification
according to
EU CLP
Regulation
No. 1272/2008
Skin Sens. 1 H317 (May
cause an
allergic skin
reaction)
Skin Sens. 1 H317 (May
cause an
allergic skin
reaction)

Reference

New data
for
Annex I
renewal
Y/N
N

(1984)
Report No.
G01183
N
(1998)
Report No.
8202485

The skin sensitisation studies were conducted in accordance with the OECD Principles of Good Laboratory
Practice (1981). As a strong sensistisation reaction was elicited, both in the topical and in the maximisation assay,
benfluralin is subject to labelling requirements. According to the criteria defined in CLP Regulation (EC) No.
1272/2008, benfluralin should be classified as Skin Sens. 1 - H317 (May cause an allergic skin reaction).
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Phototoxicity:

Table B.6.2-04. Summary of phototoxicity studies.
Test system Method
Organisms
Dose level
/ Method
Guideline

In vitro 3T3 OECD TG
NRU
432
phototoxicity
test

BALB/c 3T3
cells clone 31
(mouse
fibroblast cell
line)

Benfluralin: 0.24,
0.49, 0.98, 1.95,
3.91, 7.81, 15.6
and 31.3 μg/mL
with and without
irradiation (range
finding and main
experiment)

Results

Comment

Reference

Range
finding
experiment:
MPE: -0.020
Main
experiment:
MPE: -0.009

No
cytotoxicity

Roth, M
(2016)
Report No.
1742300

New data
for
Annex I
renewal
Y/N
Y

MPE: Mean Phototoxic Effect

The phototoxicity study was conducted in accordance with the OECD Principles of Good Laboratory Practice
(1997). Benfluralin did not possess any phototoxic potential (calculated MPE <0.1).

B.6.2.1

Oral

CA 5.2.1/01
Reference:

(1996) Benefin: Acute oral toxicity study in Fischer 344 rats

Report No.:

, Report No. DR-0097-3397-006A

Guideline:

OECD 401 (1987)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The acute toxicity of benfluralin (referred to in report as ‘benefin’) was assessed in
five male and five female fasted Fischer 344 rats following single oral gavage
administration of 5000 mg/kg bw (dose volume 20 mL/kg) given as a 25%
suspension in 0.5% w:v hydroxypropyl methylcellulose (limit test). No control
animals were included in this study. Rats were observed for clinical signs
immediately post-dosing, at frequent intervals during Day 1, and at least once daily
thereafter for up to 14 days post dosing. The bodyweight of each rat was recorded
prior to dosing and on Days 2, 8 and 15. At study termination on Day 15, all rats
were killed and subjected to macroscopic examination of oral, nasal, cranial, thoracic
and abdominal cavities plus externum and body orifices. Eyes were examined in situ
using a moistened glass microscope slide applied to the corneal surface.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95,8 %
Batch No.: TSN100037

Results
Two females died, one during Day 1 and one overnight between Day 1 and 2. The cause of death for both animals
was deemed to be a gavage error, resulting in laboured breathing and salivation on Day 1. Necropsy findings in
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these animals included pulmonary atelectasis, hydrothorax and fibrinous inflammation of the pleural cavity.
Clinical signs in the surviving rats included hypoactivity (5/5 males, 3/4 females, day 1), perineal soiling with
urine (1/5 males, 4/4 females, day 1-3) and lachrimation (1/5 males, 3/4 females, day 1-2). All animals appeared
symptom-free at the end of the 14-day observation period. No significant effect on bodyweight was recorded for
either sex, and there were no treatment-related gross pathologic observations in any of the surviving rats.

DAR Conclusion
The study is accepted. LD50 >5000 mg/kg bw.

RMS comments and conclusions
The study is acceptable.
The study follows the OECD TG 401 (1987), with the minor exeption that dose suspensions were not analyzed for
homogeneity, stability and concentration verification. The acute oral LD50 value to male and female rats was
>5000 mg/kg bw. The acute toxicity by oral route of benfluralin was low.
According to CLP Regulation EC 1272/2008, no classification is required for acute oral toxicity.

B.6.2.2

Dermal

CA 5.2.2/01
Reference:

(1990) The acute dermal
toxicity of benefin (EL-110, compound 054521) in New Zealand White rabbits

Report No.:

, Report No. B04990

Guideline:

OECD TG 402 (1987)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The acute dermal and systemic toxicity of benfluralin (referred to in report as
‘benefin’, EL-110) was assessed in five male and five female New Zealand White
rabbits. Benfluralin was applied in solid form (not moistened with water) at a dose of
5000 mg/kg bodyweight to the clipped dorsum of each rabbit. The dose, under a
damp semi-occlusive wrap, covered 10% of the body surface and treatment was
maintained for 24 hours. After removal of the wrap, the dose site was rinsed with
water and a collar placed on each animal for the following 48 hours to prevent oral
ingestion. No control animals were included in this study. Rabbits were observed for
clinical signs one hour after removal of the wrap, and daily for the subsequent
remainder 28 days. An assessment of dermal irritation was also completed daily, and
bodyweights were recorded on Day 1 and then at weekly intervals. At study
termination, all rabbits were killed and subjected to macroscopic examination of
thoracic and abdominal cavities plus externum and body orifices.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95,64 %
Batch No.: 231EF4

RMS: NO
Co-RMS: NL

- 35 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Results
None of the treated rabbits died and no overt signs of toxicity were noted during the 28 day post–exposure
observation period. The test material stained the treated sites yellow for up to 23 days. Initially, on Day 1,
erythema and oedema, present in all rabbits, were slight to moderate in degree, but reactions developed, and by
Day 5 or 6 a moderate to severe erythematous and oedematous response was evident. Desquamation was present
from Day 6, and two females developed coriaceous or cracked dermal treatment sites from Day 7 or 10.
Desquamation cleared by Day 20, and irritation cleared in all animals within 28 days. There were no effects on
normal weight gain for rabbits of either sex. No treatment–related pathological changes were evident during
necropsy, but the kidneys of one female rabbit contained slight multiple depressed pale foci characteristic of
incidental renal encephalitazoonosis.

DAR Conclusion
The study is accepted.
LD50 (♂,♀)>5000 mg/kg bw.
The substance is irritating to the skin.

RMS comments and conclusions
The study is acceptable.
The study follows the OECD TG 402 (1987).
The acute dermal LD50 value to male and female rats was >5000 mg/kg bw.
According to CLP Regulation EC 1272/2008, no classification is required for acute dermal toxicity.
Skin irritation was noted during the study.

CA 5.2.2/02
Reference:

(1997a) Balan technical (EPA Reg.# 62719-100): Acute Dermal
Toxicity Study in New Zealand White Rabbits

Report No.:

, Report No. 971155

Guideline:

OECD TG 402 (1987)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The acute dermal toxicity of BALAN technical, containing 95.8% benefin as active
ingredient, was assessed in five male and five female New Zealand White rabbits.
BALAN technical was applied as a dose of 5000 mg/kg bodyweight to the clipped
dorsum of each rabbit. The test substance, an orange crystalline solid, was moistened
with 5.0 ml of 0.5% aqueous methylcellulose, and placed on the dorsum under a
semi-occlusive gauze/cotton patch. The dose was applied to approximately 10% of
the body surface and test material was maintained in place for 24 hours by use of an
elastic jacket. After removal of the wrap, the dose site was rinsed with water and
towel dried to remove residues. No control animals were included in this study.
Rabbits were observed for clinical signs and/or dermal reactions on the day of dosing
and then daily (on work days) for the remainder of the 15 day observation period.
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Bodyweights were recorded on Days –1, 1, 2, 8 and 15. At study termination, all
rabbits were killed and subjected to macroscopic examination of nasal, cranial, oral,
thoracic and abdominal cavities plus treatment site and body orifices. Viscera were
examined in situ and following dissection, the eyes were examined in situ using a
moistened glass microscope slide applied to the corneal surface.
Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95,8 %
Batch No.: ACD13683

Results
All rabbits survived the 5000 mg/kg bw dose level. Dermal application had no effect on bodyweight. The majority
of males and females had evidence of some degree of erythema and oedema present from Day 2 to Day 15. In
addition, the females showed some scale formation and scabs developed from Day 7. The males had burns and
fissures at the site from Day 2 to 4 with more fissures developing on Day 10/11; scaling was seen from Day 7 and
scab formation from Day 10. Although the scab formation may be seen as an early repair process in operation,
only one of the ten rabbits had normal skin by Day 15. Macroscopic abnormalities were limited to observation of a
moderate crust present at the dermal test site of several rabbits. One male and one female rabbit had fecal soiling
on test day 2.

DAR Conclusion
The study is accepted.
LD50 (males, females) > 5000 mg/kg bw.
The substance is irritating to the skin.

RMS comments and conclusions
The study is acceptable.
The study follows the OECD TG 402 (1987).
The acute dermal LD50 value to male and female rats was >5000 mg/kg bw.
According to CLP Regulation EC 1272/2008, no classification is required for acute dermal toxicity. Persistent skin
irritation was noted during the study.
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B.6.2.3

Inhalation

CA 5.2.3/01
Reference:

(1986) The acute inhalation toxicity of technical benefin (EL-110,
compound 54521) in the Fischer 344 rat

Report No.:

, Report No. R-H-048-85

Guideline:

OECD TG 403 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Groups of ten male and ten female fasted Fischer 344 rats were exposed nose-only
for a single four hour period to solid test atmospheres of technical benefin at target
concentrations of 1.12 or 2.16 mg/l air (technical highest attainable concentration).
The Mass Median Aerodynamic diameter was 25.88±4.06 µm and 23.72±3.59 µm.
No concomitant control group was included. Clinical signs of reaction to treatment,
behaviour, bodyweight changes and mortality were recorded for evaluation of
toxicity during exposure and during a subsequent 14 day period of observation.
Bodyweights were recorded on days –1, 0, 1, 3, 5, 7 and 14. The animals were killed
on day 15 and subjected to necropsy, which included examination of external body
orifices, general bodily condition and organs/tissues in the thoracic and abdominal
cavities.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97,3 %
Batch No.: 231EF4

Results
Two males and one female exposed to 2.16 mg/L died during the exposure. Necropsy revealed hepatic and
pulmonary congestion. The remaining high dose and all low dose animals survived treatment. Clinical signs in the
high dose group included dyspnea, hypoactivity, poor grooming and body weight loss with recovery apparent by
Day 6. In the low dose group, poor grooming and weight loss were also noted but the animals had recovered by
Day 4. Body weight was decreased in animals exposed to 1.12 mg/L (d3) and to 2.16 mg/L (d1, 3 and 5). No
abnormalities were evident during necropsy for any of the survivors.

DAR Conclusion
The study is accepted.
2.16 mg/L>LC50 >5 mg/L
As the limit dose (5 mg/L) was not attained (the highest attainable concentration was 2.16 mg/L), but on the other
hand no respirable fraction was generated, systemic toxicity of Benfluralin was not excluded. The notifier brought
under attention the technical difficulty to generate an inhalable dust fraction from the wet cake. Therefore, it was
decided not to classify Benfluralin, as the physico-chemical characteristics of the compound would prevent
inhalation.

RMS: NO
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RMS comments and conclusions
The study is acceptable. The study follows the OECD TG 403 (adopted 7 September 2009), with the following
deviations:
-

The high number of animals used (10 instead of 5 animals per dose)

-

The mass median equivalent aerodynamic diameter which was higher than 4µm (>20µm).

The LC50 (4 hr, aerosol) for male and female rats was >2.16 mg/L air, which was the highest technically attainable
concentration. According to OECD TG 403 (adopted 7 September 2009), testing at concentratrations greater than
2 mg/L should only be attempted if a respirable particle size can be achieved. If the MMAD significantly exceeds
4 μm, further efforts should be employed to reduce the test article’s MMAD. The notifier brought under attention
the technical difficulty to generate an inhalable dust fraction from the wet cake. According to CLP Regulation EC
1272/2008, the limit concentration for aerosols is 5 mg/L. However, considering the above, including the
difficulty in generating a respirable fraction, RMS agrees with the previous conclusion in the DAR that
classification for acute inhalation toxicity is not required for Benfluralin. Furthermore, considering the hepatic and
pulmonary congestion revealed by necropsy in two males and one female exposed to 2.16 mg/L which died during
the exposure, RMS proposes classification for STOT-SE category 2.

Based on the previous evaluation in DAR (2006), EFSA concluded (EFSA Scientific Report (2008) 127, 1-82,
Conclusion on the peer review of Benfluralin) that the Rat inhalation LC 50 should be 2.16 mg/L air < LC50 < 5
mg/L air /4 h (dust, nose only). In contrast, RMS proposes that the Rat inhalation LC 50 should be LC50 (dust, nose
only) > 2.16 mg/L air/4h.
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B.6.2.4

Skin irritation

CA 5.2.4/01
Reference:

(1990) The primary dermal
irritation of benefin (EL-110, compound 054521) in New Zealand White rabbits

Report No.:

, Report No. B09690

Guideline:

OECD TG 404 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The skin irritation potential of benfluralin was assessed in three male and three
female New Zealand White rabbits. Benfluralin (not moistened with water) was
applied topically as a 0.5 g dose under a damp semi-occlusive wrap, approximately 6
cm2 in area, to the clipped dorsum of each rabbit. The dose was maintained in situ for
four hours by an elastic sleeve. After removing the semi-occlusive wrap, the
treatment sites were rinsed with warm water. One hour after removal of the semiocclusive wrap and daily for the subsequent 14 days, animals were observed for signs
of toxicity. Individual bodyweights were recorded on the test days 1, 8, and 15. The
degree of dermal irritation erythema and oedema was assessed according to the
method of Draize.

Test material:

benfluralin (referred to in report as ‘benefin’ in report)
Purity: 95,64 %
Batch No.: 231EF4

Results
The test substance caused moderate skin irritation in rabbits. Although the mean scores of 24-72 hours are below
the trigger for classification (i.e. 2.3), erythema persists in 3 out of 6 rabbits (2/3 males and 1/3females) at the end
of the study. Individual mean scores for dermal irritation after 24, 48 and 72 h were as follows:
Erythema:

Males: 1.0/2.0/1.7

Females: 2.0/2.0/2.0

Oedema:

Males: 1.0/1.0/1.0

Females: 1.0/1.0/1.3

DAR Conclusion
The study is accepted.
On the last observation day, very slight effects were observed in 3/6 animals. However, initial scores (means of
24h, 48h and 72h) were below the trigger for classification. Therefore, it was considered that Benfluralin has slight
skin irritating properties, but not sufficient to warrant classification.

RMS comments and conclusions
The study is acceptable. The study follows the OECD TG 404 (adopted 28th July 2015).
Erythema persists in 3 out of 6 rabbits (2/3 males and 1/3 females) at the end of the observation period (15 days).
According to CLP Regulation (EC) No. 1272/2008, the test substance should be classified as ‘Skin Irrit. Cat. 2’
(H315: Causes skin irritation). This classification proposal is in accordance with EFSA’s conclusion on the
previous evaluation (EFSA, 2008), where benfluralin was proposed to be classified as a R38 skin irritant.
However, the previous proposal was based on the 21-day studies in rabbits, described in section B.6.3. At the time
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of the previous evaluation, the findings from the acute skin irritation studies did not trigger classification as a skin
irritant.
CA 5.2.4/02
Reference:

(1997b) Balan technical (EPA Reg.# 62719-100): Primary dermal
irritation study in New Zealand white rabbits

Report No.:

, Report No. 971153

Guideline:

OECD TG 404 (1992)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The skin irritation potential of benfluralin was assessed in three male and three
female New Zealand White rabbits (Lsr:(NZW). Benfluralin (moistened with 0.5 mL
of 0.5% aqueous methylcellulose) was applied topically as a 0.5 g dose on the
clipped dorsum of each rabbit and covered with a gauze patch with cotton backing.
The dose was maintained in situ for four hours by an elastic jacket. After removing
the patches, the treatment sites were rinsed with warm water. The application sites
were graded for erythema and oedema within thirty minutes, and 24, 48 and 72 hours
after removal of the patches and on test days 7, 8 and 9. Individual bodyweights were
recorded on the day of treatment and at study termination (day 9). The degree of
dermal irritation erythema and oedema was assessed according to the method of
Draize.

Test material:

benfluralin (referred to as ‘benefin’ in the report)
Purity: 95,8 %
Batch No.: ACD13683

Results
The test substance caused moderate skin irritation in rabbits and did not have any effect on the body weights of the
rabbits. On day 9, the erythema and edema were unremarkable (only one rabbit with very slight eryhema), but
scaliness was observed in 5/6 animals. The mean scores for dermal irritation after 24, 48 and 72 h were as
follows:
Erythema:

Males: 0/0/0.3

Females:

0.7/0.7/0.3

Oedema:

Males: 0.7/0.3/1.0

Females:

2.0/0.3/1.3

DAR Conclusion
The study is accepted.
Benfluralin has no skin irritating properties.

RMS comments and conclusions
The study is acceptable. The study follows the OECD TG 404 (adopted 28th July 2015).
The mean scores of 24-72 hours are below the trigger for classification, and the observed erythema and oedema
were unremarkable at the end of the observation period (9 days). However, at study termination scaliness is
observed in 5/6 animals. According to OECD TG 404, reversibility of dermal lesions should be considered in
evaluating irritant responses. When responses such as alopecia (limited area), hyperkeratosis, hyperplasia and
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scaling, persist to the end of the 14-day observation period, the test chemical should be considered an irritant.
According to CLP Regulation (EC) No. 1272/2008, the test substance should be classified as ‘Skin Irrit. Cat. 2’
(H315: Causes skin irritation). This classification proposal is in accordance with EFSA’s conclusion on the
previous evaluation (EFSA, 2008), where benfluralin was proposed to be classified as a R38 skin irritant.
However, the previous proposal was based on the 21-day studies in rabbits, described in section B.6.3. At the time
of the previous evaluation, the findings from the acute skin irritation studies did not trigger classification as a skin
irritant.

B.6.2.5

Eye irritation

CA 5.2.5/01
Reference:

(1997) Balan technical (EPA Reg.# 62719-100): Acute primary eye
irritation study in New Zealand White rabbits

Report No.:

, Report No. 971154

Guideline:

OECD TG 405 (1987)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The eye irritation potential of benfluralin was assessed in three male and three female
New Zealand White rabbits. Benfluralin was instilled as a finely ground 0.1 g aliquot
into the conjunctival sac of the right eye of each rabbit. The left eye remained
untreated and served as a control. An ocular anaesthetic was used for all rabbits (both
eyes) after discomfort was observed in the first rabbit dosed. All eyes were examined
1, 24, 48 and 72 hours after dosing and again on Days 7 and 14. Bodyweights were
recorded on Day 1 and 14. The eyes of all rabbits remained unwashed post treatment.
The grade of ocular reactions (conjunctival redness and chemosis, discharge, corneal
opacity and reddening of the iris), was conducted according to the grading
recommended in OECD TG 405.

Test material:

benfluralin (referred to in report as ‘benefin’ in report)
Purity: 95,8 %
Batch No.: ACD13683

Results
Ocular instillation of benfluralin had no effect on bodyweight gain. The grade of ocular reactions are shown in
table B.6.2.5-01 and B.6.2.5-02 below, in male and female rabbits respectively. Some corneal opacity was evident
for all rabbits from Day 2, persisting at Day 7 in four eyes. Slight reddening of the iris was seen in several cases
on Days 2 to 4. All treated eyes produced some discharge sufficient to moisten the hairs adjacent to the eyelids
within an hour of dosing. Over the next 72 hours the incidence and extent of the discharge reduced. Conjunctival
reactions in the first 72 hours following instillation included a diffuse crimson or beefy red coloration and
moderate or marked swelling (Day 1 and 2) which reduced to slight or moderate reactions by Day 3 or 4.
Reactions had largely resolved by Day 7 and all eyes were overtly normal by Day 14.
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The overall mean scores (for male and female rabbits) were: 1.06 (corneal opacity), 0.61 (iris lesion), 2.33
(conjunctiva redness), 2.44 (conjunctiva chemosis).
Table B.6.2.5-01. Eye irritation scores of Benfluralin according to OECD TG 405 – male rabbits
Time
Cornea
Iris
Conjunctiva
Redness
Animal number
97A22- 97A22- 97A22- 97A22- 97A22- 97A22- 97A 97A 97A
868
869
870
868
869
870
22- 22- 22868 869 870
After 1 hour
0
0
0
0
0
0
2
2
2
After 24 hours
1
1
1
0
1
0
2
2
2
After 48 hours
1
1
1
0
1
1
3
2
2
After 72 hours
1
1
1
0
1
1
2
2
2
Mean scores 24-72 1
1
1
0
1
0.7
2.3 2
2
hours
After 1 week
0
0
1
0
0
0
0
0
1
After 14 days
0
0
0
0
0
0
0
0
0

Chemosis
97A 97A
22- 22868 869
3
3
3
2
2
1
1
1
2
1.3

97A
22870
4
4
3
2
3

0
0

1
0

Table B.6.2.5-02. Eye irritation scores of Benfluralin according to OECD TG 405 – female rabbits
Time
Corneal opacity
Iris (reddening)
Conjunctiva
Redness
Animal number
97A22- 97A22- 97A22- 97A22- 97A22- 97A22- 97A 97A 97A
871
872
873
871
872
873
22- 22- 22871 872 873
After 1 hour
0
0
0
0
0
0
2
2
2
After 24 hours
1
1
1
0
0
1
2
2
2
After 48 hours
1
1
1
1
1
1
3
3
3
After 72 hours
1
1
2
1
0
1
2
3
3
Mean scores 24-72 1
1
1.3
0.7
0.3
1
2.3 2.7 2.7
hours
After 1 week
1
2
2
0
0
0
1
1
1
After 14 days
0
0
0
0
0
0
0
0
0

Chemosis
97A 97A
22- 22871 872
3
4
3
3
2
2
1
2
1.7 2.3

97A
22873
4
4
4
4
4

1
0

1
0

0
0

1
0

DAR Conclusion
The study is accepted.
Benfluralin is irritating to the eye, and should be classified accordingly (Xi; R36).

RMS comments and conclusions
The study is acceptable. The study follows the OECD TG 405 (adopted 2nd October, 2012), with the minor
deviation that no information on the ocular anaesthetic that was used was provided. According to the criteria
defined in the CLP Regulation (EC) No. 1272/2008, the mean scores for corneal opacity, conjunctival redness and
conjunctival chemosis (oedema), following grading at 24, 48 and 72 hours after installation of the test material, are
above the trigger for classification as a category 2 eye irritant. Benfluralin is irritating to the rabbit eye, and should
be classified as ‘Eye Irrit. Cat. 2’ (H319: Causes serious eye irritation).
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B.6.2.6

Skin sensitisation

CA 5.2.6/01
Reference:

(1984) A guinea pig sensitization study of benefin, compound
54521

Report No.:

, Report No. G01183

Guideline:

Not stated

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The potential of benfluralin to cause skin sensitisation was evaluated in female albino
Hartley guinea pigs using a modified Buehler method. The study comprised three
groups, each subdivided into an induction and challenge group of 12 animals and a
challenge only control group of six animals. One pair of groups, 12 test and 6 control
animals, were treated with a dinitrochlorobenzene (DNCB) as a positive control. The
three groups were dosed as set out below:
Group 1: Induction and Challenge – 0.2 mL doses of 95% ethanol.
Group 2: Challenge only – 0.2 mL dose of 95% ethanol.
Group 3: Induction and Challenge – 0.2 mL doses of 0.1% DNCB in 70% ethanol.
Group 4: Challenge only – 0.2 mL dose of 0.1% DNCB in 70% ethanol.
Group 5: Induction and Challenge – 0.2 mL doses of 5% benefin in 95% ethanol.
Group 6: Challenge only – 0.2 mL dose of 5% benefin in 95% ethanol.
The nuchal area was clipped free of hair and swabbed with acetone to remove
extraneous lipid material that may inhibit percutaneous absorption. In the induction
phase the animals of Groups 1, 3 and 5 received three treatments per week for two
consecutive weeks. On each occasion, 12 animals received the vehicle (Group 1), the
positive control material (Group 3) or the test material (Group 5) under an occluded
dressing, secured in place for six hours by adhesive tape. Observations for erythema
and oedema were recorded 24 hours after each induction exposure.
Eleven days after the last induction exposure was completed, all animals in Groups 1
to 6 were challenged with the doses detailed above. The backs of all animals were
clipped free of hair and swabbed with acetone prior to application of the dose under
an occluded dressing which was secured in place for six hours. The dose sites were
graded using five point scales for erythema and oedema 24, 48 and 72 hours after the
challenge application. Bodyweights were recorded on Day 1 and at weekly intervals.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 98,2 %
Batch No.: X 35746

Results
There were no mortalities during the test, and no remarkable clinical observations were reported. Body
weights of the test animals were not affected by treatment.
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Induction:
Treatment sites with ethanol were negative throughout the induction phase of the study. The treatment sites with
5% test article induced erythema and edema, at increased incidences and increased severity during the induction
period. Erythema was observed in 1/12, 2/12, 11/12 and 12/12 animals, and edema was observed in 0/12, 1/12,
8/12 and 11/12 animals, on application phase 3, 4, 5 and 6 respectively.

Challenge:
The animals responded positively to the challenge with 5% test article. Erythema incidence was 7/12, 9/12 and
9/12, and edema incidence was 5/12, 8/12 and 7/12 at 24h, 48h and 72h after challenge (score ≥ 1). In the control
group (no induction), 1/6 animals (17%) showed erythema (score=1) at 48h. The positive control responded as
expected (100% sensitisation rate). The results are summarised in Table B.6.2.6-01below.
Table B.6.2.6-01. Responses to challenge applications with 5% benfluralin in 95% ethanol
Group
No. of
Incidence of dermal responses
Total responders
animals
24 hours
48 hours
72 hours
Erythema
Oedema
Erythema Oedema
Erythema Oedema
Control
6
0
0
1
0
0
0
1 (17%)
Test
12
7
5
9
8
9
7
9 (75%)

DAR Conclusion
The study is accepted.
As consistent positive results were observed throughout the observation period, and the sensitisation rate was
75%, Benfluralin was considered a sensitiser, and should be classified accordingly (R43).

RMS comments and conclusions
The study is acceptable. The study follows the OECD TG 406 (updated 17th July 1992), with some exceptions:
-

The use of 12 test and 6 control animals, instead of at least 20 test and ten control animals, which for this
test is strongly recommended in order to conclude that the test substance is a sensitiser.

-

There are no results for preliminary testing/dose ranging investigations to justify dose selection.

However, in view of the confirmatory positive response obtained in the maximisation test (see below), the
applicant has suggested that the present study does not need to be repeated. RMS agrees with the applicant, and
therefore consider the study as supplementary only.

Under the conditions of the study, benfluralin is considered a skin sensitiser. According to the criteria defined in
CLP Regulation (EC) No. 1272/2008, benfluralin is subject to labelling requirements and is classified as Skin
Sens. 1 - H317 (May cause an allergic skin reaction).
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CA 5.2.6/02
Reference:

(1998) Dermal sensitization study of Balan technical in guinea pigs –
maximisation test

Report No.:

., Report No. 8202485

Guideline:

OECD TG 406 (1992)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The sensitising potential of Benfluralin was investigated in twenty test and twenty
control
:(HA)BR guinea pigs according to the Maximisation test of Magnusson
and Kligman.
Pretest:
a) In order to determine the maximum practical dose that could be intradermally
injected without causing adverse effect, 0.1 mL doses of 0.5, 1, 5 and 10% w/v
concentrations of benfluralin in mineral oil were injected into the shaved dorsum of
four animals, and the injection sites were assessed for erythema and oedema 24 and
48 hours later.
b) In order to determine a moderately irritating concentration to be applied topically
and the maximum non irritating concentration for use in the challenge phase, four
animals were dosed topically with 1, 5, 10 and 25% w/v formulations in petrolatum.
Doses were retained in place by a dressing consisting of Whatman filter paper
covered by Blenderm, overlaid by an elastic tape.
Main test:
Study day 1: For intradermal induction, the guinea pigs were administered the
following injections (100 µL) in the shaved dorsal skin on the scapular (nuchal)
region:
Test animals:
- Freund’s complete adjuvant (FCA) 50:50 with sterile water at the anterior sites
- 5% w/v benfluralin in mineral oil in the central sites
- 5% w/v benfluralin in FCA 50:50 with sterile water in the posterior sites
Control animals:
- FCA 50:50 with sterile water at the anterior sites
- mineral oil in the central sites
- 1:1 mineral oil in FCA in the posterior sites
Study day 8 (topical induction):
The animals received a secondary induction by topical application. The nuchal area
was prepared on Day 7 by application of a 10% w/w suspension of sodium lauryl
sulphate in petrolatum. The same area on the test animals was then treated with 25%
w/w benfluralin in petrolatum (the maximum practicable concentration that could be
prepared and a significant irritant dose) on filter paper (4 x 2 cm), applied to the skin
of test animals and held in contact by an occlusive dressing for 48 hours. The control
animals were treated in the same way with mineral oil.
Study day 22 (challenge):
Hair was removed by clipping and shaving an area of 5 x 5 cm on both flanks of each
guinea pig. For the challenge applications, the right flank received filter paper
patches (2 x2 cm) covered by a thick even layer of test substance, 10% w/w
benfluralin in petrolatum (the maximum non-irritating dose identified in the
screening tests). The left flank was treated in the same way with petrolatum alone.
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The doses were held in contact with the skin by an occlusive dressing for 24 hours.
The challenge sites were evaluated 24 and 48 hours after removal of the bandages.
Erythema was graded as 0 = no response, 1 = slight erythema, 2 = moderate
erythema or 3 = severe erythema. Any swelling or eschar (scab) formation and other
reactions to treatment were also scored.
Test material:

benfluralin (referred to in report as ‘Balan technical’)
Purity: 95,8 %
Batch No.: ACD13683

Results
Pretests:
The pretest identified the 5% w/v benfluralin formulation in mineral oil as suitable for intradermal injection; a
25% w/v paste in petrolatum as suitable for the topical phase of the induction period and 10% w/v benfluralin in
petrolatum as the maximum non irritating concentration for use in the challenge phase.

Main test
None of the test or control animals showed any clinical signs of reaction treatment. All animals gained weight
during the study. Induction reactions were generally slight to moderate erythema with oedema and scab formation
in the test group and mild to moderate reactions in the control group.

Challenge:
None of the test or control animals showed any reaction to the challenge application of petrolatum. Only two
control group animals responded to application of benfluralin and the reactions did not exceed transient moderate
erythema. All animals exposed to 10% w:v Benfluralin were positive. At 24h, 20/20 animals exhibited erythema
score 2 (moderate and diffuse redness) or 3 (intense redness and swelling), and at 48h, 1/20 animals exhibited
score 1, while 19/20 exhibited score 2 or 3. The results are summarised in Table B6.2.6-02.
Table B.6.2.6-02. Responses to challenge applications with 10 % benfluralin in in petrolatum
Group
No. of
Incidence of dermal responses
animals
24 hours
48 hours
Control
20
2
1
Test
20
20
20

Total responders
2
20

DAR Conclusion
The study is accepted.
Benfluralin is considered a sensitiser in these study conditions, and should be classified accordingly (R43).

RMS comments and conclusions
The study is acceptable. The study follows the OECD TG 406 (updated 17th July 1992), with the following
exception; the use of sodium lauryl sulphate prior to topical induction is normally only required when the
maximum practical test substance concentration to be applied is non-irritating. In this case, the pre-treatment was
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applied even though the selected dose concentration was moderately irritating. The deviation is not considered to
have affected the positive result obtained in the study.

Under the conditions of the study, benfluralin is considered a skin sensitiser. According to the criteria defined in
CLP Regulation (EC) No. 1272/2008, benfluralin is subject to labelling requirements and is classified as Skin
Sens. 1 - H317 (May cause an allergic skin reaction).

B.6.2.7

Phototoxicity

CA 5.2.7/01
Reference:

Roth, M (2016) Benfluralin: Cytotoxicity assay in vitro with BALB/c 3T3 cells:
Neutral Red (NR) test during simultaneous irradiation with artificial sunlight

Report No.:

Envigo CRS GmbH, Report No. 1742300

Guideline:

OECD TG 432 (2004)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal

Material and methods:
Test material:

Benfluralin

Lot/Batch No:

ACD13683

Purity:

97.5 %

Stability of test

Stable when stored at room temperature, protected from light.

compound:
Solvent control:
Positive control:
Test system:

Earle´s Balanced Salt Solution (EBSS) for the positive control
Earle´s Balanced Salt Solution (EBSS) containing 1% (v/v) DMSO for the test item
Chlorpromazine (Sigma-Aldrich, Batch 120M1328V, purity ≥98%) dissolved in
EBSS
BALB/c 3T3 cell line (mouse embryo)
Culture medium: Dulbecco´s Minimal Essential Medium (DMEM) supplemented
with 10% (v/v) NCS (Newborn Calf Serum)
Cell cultures: Thawed stock cultures were propagated at 37±1.5ºC in 75 cm2 plastic
flasks. Seeding was done with about 1x106 cells per flask in 15 mL DMEM,
supplemented with 10% NCS. Cells were sub-cultured twice weekly. The cell
cultures were incubated at 37±1.5ºC in a 7.5±0.5% carbon dioxide atmosphere.

Study design:

The study was performed to assess the phototoxic potential of benfluralin. The test
was performed using BALB/c 3T3 cells clone 31. For the determination of a
phototoxic potential the cells were treated with various concentrations of the test item
with and without irradiation with artificial sunlight (wave length>320 nm). The
cytotoxic response curves of the test groups were compared. The mean absorption
(OD540-value) per concentration was calculated. The IC50 values (the concentration
reducing cell viability to 50 % compared to the untreated controls) were determined
by curve fitting software. The IC50 values, the Photo-irritancy factor (PIF), as well
as the Mean Phototoxic effect (MPE) was calculated according to OECD guideline
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432, using the software Phototox (version 2.0). The experiment was performed twice.
The first experiment served as a range finding experiment, the second one was the
main experiment.
Concentrations:

Benfluralin: 0.24, 0.49, 0.98, 1.95, 3.91, 7.81, 15.6 and 31.3 μg/mL with and without
irradiation
Positive control (Chlorpromazine): 6.25, 12.5, 25, 37.5, 50, 75, 100, 200 μg/mL
without irradiation. 0.125, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 4.0 μg/mL with irradiation

Seeding of cultures:

2x104 cells per well were seeded in 100 μL culture medium in two 96 well plates

Replicates:

2 (one for irradiation exposure, one for treatment in the dark)

Treatment and

24 h and 50 min after seeding, the cultures were washed with EBSS, before adding
100 μL of solvent control, solved test item (8 dilutions) or positive control per well,
and pre-incubation of the plates for 1 hour in the dark. Afterwards, one plate was
irradiated at 1.68 mW/cm2 (~5 J/cm2) for 50 min at 26º C, while the other plate was
stored for 50 min at 26 ºC in the dark. Subsequently test items were removed and
both plates were washed twice with EBSS. Fresh culture medium was added and the
plates were incubated for approximately 21 hours at 37±1.5º C and 7.5±0.5% CO 2.

irradiation:

Cytotoxicity
determination:

Number of
measurements:

For measurement of Neutral Red uptake the medium was removed and 0.1 mL
serum-free medium containing 50 μg Neutral Red/mL were added to each well. The
plates were incubated for another 3 hours at 37º C, before the medium was removed
completely and the cells were washed with EBSS. For extraction of the dye, 0.15 mL
of a solution of 49% (v/v) deionised water, 50% (v/v) ethanol and 1% (v/v) acetic
acid were added to each well. After approximately 10 minutes at room temperature
and a brief agitation, the plates were transferred to a microplate reader (Versamax®,
Molecular Devices) equipped with a 540 nm filter to determine the absorbance of the
extracted dye. This absorbance showed a linear relationship with the number of
surviving cells.
Benfluralin and positive control: each concentration was measured 6 times
Solvent control: 12 times

Results
In the range finding experiment, no cytotoxic effects were observed after exposure of the cells to the test item
benfluralin, neither in the presence nor in the absence of irradiation to artificial sunlight. Therefore, IC 50- values
and Photo-Irritation Factor (PIF) could not be calculated. The resulting Mean Phototoxic effect (MPE)-value was 0.020.

In the main experiment no cytotoxic effects were observed after exposure of the cells to the test item benfluralin,
neither in the presence nor in the absence of irradiation to artificial sunlight. Therefore, IC50-values and PIF could
not be calculated. The resulting MPE-value was -0.009.

The mean of solvent control values of the irradiated versus the non-irradiated group met the acceptance criteria.
The positive control chlorpromazine induced phototoxicity in the expected range in the presence of irradiation.
The results are summarized in Table B.6.2.7-01 and Table B.6.2.7-02 below.
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Table B.6.2.7-01: OD540 values Neutral Red assay of the main experiment
OD540 nm with artificial sunlight
Concentration [μg/mL] Mean
SD
% of
Concentration
solvent [μg/mL]
control
Treatment with benfluralin
Solvent control
1.0245*
0.0272
100.00 Solvent
control
0.24
1.0246
0.0273
100.01 0.24
0.49
0.9981
0.0283
97.42
0.49
0.98
0.9869
0.0615
96.33
0.98
1.95
0.9752
0.0234
95.19
1.95
3.91
0.9698
0.0221
94.66
3.91
7.81
0.9806
0.0291
95.71
7.81
15.6
0.9888
0.0444
96.52
15.6
31.3
0.9282
0.0190
91.57
31.3
Treatment with positive control chlorpromazine
Solvent control
1.0145*
0.0463
100.00 Solvent
control
0.125
0.9655
0.0229
95.17
6.25
0.250
0.8521
0.0481
83.99
12.5
0.500
0.6413
0.0572
63.21
25.0
0.750
0.3886
0.1026
38.30
37.5
1.000
0.1281
0.0145
12.62
50.0
1.500
0.0910
0.0174
8.97
75.0
2.000
0.0855
0.0103
8.43
100
4.000
0.1108
0.0193
10.92
200
* mean O.D.540 nm out of 12 wells

OD540 nm without artificial sunlight
Mean
SD
% of solvent
control

1.0688* 0.0383

100

1.0379
1.0192
0.9960
1.0224
1.0096
1.0180
1.0325
0.9328

97.10
95.36
93.19
95.65
94.46
95.24
96.60
87.27

0.0432
0.0623
0.0322
0.0549
0.0454
0.0537
0.0293
0.0631

1.0028* 0.0470

100.00

0.9674
0.3512
0.0909
0.0632
0.0653
0.0602
0.0613
0.0659

96.47
35.02
9.06
6.30
6.51
6.01
6.11
6.57

0.0181
0.0162
0.0118
0.0054
0.0073
0.0038
0.0068
0.0056

Table B.6.2.7-02: Summary of results of the Neutral Red assay
Substance
IC50
IC50 (-UV)
PIF
MPE
% viability of solvent
(+UV) [μg/mL)
control of irradiated vs.
[μg/mL]
non-irradiated plate
Range finding
Benfluralin
0.020
100.3
experiment
Positive control
0.74
12.57
17.07 0.512
94.5
Main experiment
Benfluralin
-0.009
95.9
Positive control
0.60
11.21
18.73 0.570
101.2
ED50= effective dose where only 50% of the cells survived PIF= Photo-Irritation Factor MPE= Mean Phototoxic effect

RMS comments and conclusions
In this study and under the experimental conditions reported, the test item benfluralin did not possess any
phototoxic potential. Mean Phototoxic effect (MPE) was calculated <0.1.
The study is acceptable. The study follows OECD TG 432 (2004), with exception of the following deviation:
i. 2 x 104 cells per well were seeded in the study (the guideline recommends cell seeding density of 1 x 10 4 cells
per well). To RMS’s opinion, the tested concentrations were relatively low. However, according to the applicant,
the concentration range tested was based on the solubility of the test item in EBSS with 1% DMSO. Considering
that the highest concentration of the test substance should be within physiological test conditions, this was
accepted by RMS.
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B.6.3

Short-term toxicity

Summary

Table B.6.3. Summary of studies on short term toxicity.
Test substance Species
Dose levels
Effects at
(Purity/batch) / Strain Sex
(ppm)
LOAEL
Route / Study
No./group
duration/
Vehicle
acceptability
Benfluralin
(no details)
Oral (dietary)
90 days
Supplementary
Benfluralin
(96,6%, 231EF4)
Oral (dietary)
90 days
Acceptable

Rat
M, F
10/sex/dose

0, 1250, 2500,
5000, 10000,
20000

Rat
F344/
M/F

Study R33989
0, 250, 1100,
5000 ppm

Study
R33989: 15
rats/sex/dose

Study R44089
0 and 7500
ppm

Study
R33989: 15
rats/sex/dose

Study R29990
0, 50, 500 or
5000 ppm,

NOAEL
(ppm)
mg/kg
bw/day

-

LOAEL
(ppm)
mg/kg
bw/day

-

Reference

New data
for Annex
I renewal
Y/N

(1966)
CA 5.3.2/01
Report No.
R0524

N

F: increased
slight pigment
deposit in the
proximal
convoluted
tubule, with
supporting
evidence of
increase in
kidney weight

250 ppm
= 17
mg/kg
bw/day

1100
(1996) N
ppm = 74 Report No.
mg/kg
R33989,
bw/day
R44089 and
R29990

F: marked
increase (>10%)
in absolute and
relative liver
weight, increased
enzyme activities
(AP, ALT).

1000
ppm =
133
mg/kg
bw/day

3000
ppm =
421mg/k
g bw/day

Study
R29990: 15
male rats/
/dose

Benfluralin
(98,22%, X35746)
Oral (dietary)
90 days
Acceptable
Befluralin
(no details)
Oral (dietary)
90 days
Supplementary
Benfluralin
(95,8%, ACD
13683)
Oral (capsules)
90 days
Acceptable
Benfluralin
(95,8%, ACD
13683)
Oral (capsules)
1 year
Acceptable

Mouse
B6C3F1/
Br,
M/F
15
mice/sex/dos
e
Dog
(mongrels,
not purebred)
M, F
3/sex/dose

0, 100, 300,
1000, 3000,
10000 ppm,

Dog
(Beagle
purebred)
M, F
4/sex/dose

0, 5, 25, 125
mg/kg bw/day

Dog
(Beagle
purebred)
M, F
4/sex/dose

0, 5, 25 or 125
mg/kg bw/day

0, 500, 2000,
8000 ppm,

N
(1988a)
Report No.
M00180

N
(1966)
Report No.
D96-64

↑clinical signs,
↑liver weight,
↑AP, ↑liver
sinusoidal
cell/spleen
pigmentation
↓ body weight
change, ↑clinical
signs, ↑AP,
↑liver sinusoidal
cell pigmentation

25 mg/kg 125
bw/day
mg/kg
bw/day

(1993)
Report No.

N

25 mg/kg 125
bw/day
mg/kg
bw/day

(1995)
Report No.

N
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Test substance
(Purity/batch) /
Route / Study
duration/
acceptability

Species
Strain Sex
No./group
Vehicle

Dose levels
(ppm)

Effects at
LOAEL

NOAEL
(ppm)
mg/kg
bw/day

LOAEL
(ppm)
mg/kg
bw/day

Benfluralin
(97,3%, 231EF4), not
moistened
Dermal
21 days
Acceptable

Rabbit
(NZW)
M, F
5/sex/dose

0, 100, 325 or
1000 mg/kg
bw/day

Systemic: ↓food
consumption and
↓ body weights

Systemic:
100
mg/kg
bw/day

Systemic:
325
(1986)
mg/kg
Report No.
bw/day
B02185

Benfluralin
(97,3%, 231EF4),
Dermal
21 days
Acceptable

Rabbit
(NZW)
M, F
5/sex/dose

Local:
<100
mg/kg
bw/day
Systemic:
500
mg/kg
bw/day

Local:
100
mg/kg
bw/day
Systemic:
1000
mg/kg
(1993)
bw/day
Report No.
DR-0097Local:
3397-002
100
mg/kg
bw/day

Local: ↑skin
irritation in the
treated skin at all
doses
0, 100, 500 or
1000 mg/kg
bw/day

Systemic: ↑liver
weight and
concomitant
necrotic lesions
in the ♂
Local: ↑skin
irritation in the
treated skin at all
doses

Local:
<100
mg/kg
bw/day

Reference

New data
for Annex
I renewal
Y/N

N

N

Summary and conclusions on short-term toxicity
The subchronic oral toxicity of benfluralin was evaluated by means of 90 day dietary studies in the rodents (rat,
mouse) and by means of a 90 day and one year capsule feeding study in the dog.

In the rat, the target organs were the blood, the liver and the kidney. Slight regenerative anaemia was suspected at
5000 ppm and above. Major clinical chemistry modifications at 5000 ppm and higher included increased total
bilirubin, increased γ-GT activities, and increased protein and cholesterol levels, indicating the effect on the liver,
whereas the increased BUN levels (and the elevated urinary AST and LDH activities in the females) indicated an
effect on the kidney. The increased hepatic CYP 1A-activities (based upon slight activity change of p-nitroanisole
O-demethylase), visually enlarged and heavier livers, and increased incidence of centrilobular liver cell
hypertrophy, were explained by the inductive effect of the CYP-mediated metabolic enzymes, and were thus
adaptative rather than toxic events. Renal findings included the increased organ weight in the males and the
females. The males developed nephrosis, characterised by hyaline droplets in the kidney tubules, i.e. secondary
lysosomes staining positively for α2µ-globulin, which is known to be specific for the male rat. However, an
increased incidence of pigment deposition in the kidneys of the female animals were indicative of some
nephrotoxicity, and the 90d rat NOAEL was established at 250 ppm (17 mg/kg bw/d) accordingly.

In the mouse, RBC parameters were slightly low at the top-dose (10000 ppm). Liver enzymes (AP, ALT) were
high at 3000 ppm and higher in the males. Like in the rat, the substance induced CYP-450 mediated metabolic
enzymes, with concomitant increased liver weight and hepatocellular hypertrophy. Based upon marked (>10%)
liver weight increase and increased enzyme activities, the mouse NOAEL was established at 1000 ppm (133
mg/kg bw/d).
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The effect of capsule-feeding of benfluralin to the dog did not markedly affect body weight parameters. At 25
mg/kg bw/d, marginal increases of AP-activities, of liver weight and increased sinusoidal spleen cell pigmentation
was observed in the 90d or 1 yr-assay, the effects becoming more prominent at the top-dose (125 mg/kg bw/d). In
an earlier 2 yr study, some effects of the substance on the erythron were reported. At 25 mg/kg bw/d, the observed
spleen haemosiderosis was associated with an physiological adaptive response, indicating an increased RBC
turnover, the effect becoming adverse at the top-dose (slight effects on the RBC, further haemosiderosis in the
spleen, and effects appearing in the liver). Therefore, the establishment of an overall short-term dog NOAEL at 25
mg/kg bw/d was supported, while 5 mg/kg bw/d was considered a NOEL.

The subchronic toxicity of benfluralin was also studied by the dermal route in rabbit. The dermal application of
benfluralin to the rabbit during 21 day caused dermatitis at all doses, and associated inflammatory increase of
leukocytes and thrombocytes at 500 mg/kg bw/d and higher. Consequently, no NOAEL for local irritation could
be determined, and the NOAEL for systemic toxicity was set to 500 mg/kg bw/day. The setting of the overall
systemic NOAEL in the dermal studies in rabbits was discussed at the PPR-meeting.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The experts at the PPR-meeting agreed that an overall systemic NOAEL of 100 mg/kg bw per day can be set for
the dermal toxicity studies in rabbit.

A subchronic inhalation toxicity study conducted on benfluralin is not considered necessary since benfluralin is
not a volatile substance. The vapour pressure of benfluralin is 1.73x10-³ Pa (<10-² Pa).

B.6.3.1

Oral 28-day study

No studies submitted.
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B.6.3.2

Oral 90-day study

B.6.3.2.1. Rat

CA 5.3.2/01
Reference:

(1966)
Subacute toxicity of benefin to rats

Report No.:

, Report No. R0524

Guideline:

-

GLP:

No, study completed prior to implementation of GLP

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

10 weanling rats/sex/dose (
) were fed a diet of Benfluralin at the dose level of
0, 1250, 2500, 5000, 10000 and 20000 ppm, for 92 days. Achieved doses (based on
final week food consumption) were as follows:
males; 0, 86.3, 152.3, 347.6, 826.3 or 1644.1 mg/kg bw
females; 0, 124.5, 161.0, 413.0, 947.6 or 2095.2 mg/kg bw
Samples were not checked analytically. A limited number of haematology and blood
biochemistry parameters were investigated during Week 13 (red blood cell count and
haematocrit, total and differential white cell counts, prothrombin time, transaminase
activity and glucose). Organ weights (liver, kidney, heart, spleen, thyroid, adrenal,
prostate, testes, ovary, uterus) were expressed as organ to bodyweight ratios. Gross
pathology and histopathology was completed for all animals.
benfluralin (referred to in report as ‘benefin’)
Purity: no details provided
Batch No.: no details provided

Test material:

Results
Mortality:
Four control males and one control female died within the first two weeks of the study (Table B.6.3.2.1-01). One
female dosed at 1250 ppm and two females in each of the groups dosed at 2500 and 5000 ppm died, but the time
of death is not recorded. There were no mortalities in the group dosed at 10,000 ppm and only one male death (on
Day 64) in the highest dose group, 20,000 ppm. Although no cause of death was established, comparison of
treated and control group mortality rates indicated that these occurred in all treatment groups, and were therefore
not likely to be treatment related.

Clinical signs: No record of clinical signs/behavioural changes or reactions to treatment was reported.

Food efficiency, body weight and body weight gain:
As shown in table B.6.3.2.1-01, body weight (males, females), body weight gain (males, females) and food
efficiency (females) was decreased from 10000 ppm and above.
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Table B.6.3.2.1-01. General toxicity and hematology (
Sex
Dose
Morta- Group
Group mean
(ppm) lities
mean
body weight
body
gain (g)
weights
(g)

Males

et al. 1966)
Food
Terminal hematology (group mean values)
efficiency
Haematocrit Haemoglobin
Red blood cell
(weight
(%)
(g/100 mL)
count
gain,
(x 106/mm3)
g/100 g
feed
consumed)

0
4/10
392.0
311.2
17.31
1250
0/10
391.4
303.5
16.06
2500
0/10
383.7
293.1
15.31
5000
0/10
420.1
328.1
15.28
10000 0/10
357.4
268.6
14.73
20000 1/10
354.0
263.6
15.18
Females
0
1/10
259.9
171.9
9.71
1250
1/10
264.9
179.9
10.46
2500
2/10
278.1
191.8
11.91
5000
2/10
247.5
165.0
10.07
10000 0/10
210.4*
126.4
8.09
20000 0/10
188.6*
99.4
7.78
* p < 0.05, values statistically significantly different from control.

47.7
45.9
47.9
46.9
44.9
45.1
47.8
44.7
45.0
44.9
42.3
43.8

14.5
14.2
14.3
14.1
13.4
13.4
14.6
14.0
13.6
13.8
13.4
12.4

8.5
8.8
9.0
8.9
7.9
7.8
8.7
8.2
8.5
8.1
7.0
7.1

Food consumption:
Food consumption, measured during week 13, showed no treatment related differences between the groups.

Ophthalmology:
Not reported.

Haematology:
A limited number of haematology parameters were investigated. At the treatment end, the means for total red cell
count (RBC), haemoglobin (Hb) and haematocrit (Hct) were slightly reduced in both females and males at 10000
ppm and above (Table B.6.3.2.1-01). According to the original study report, a statistical examination of these
values revealed statistical significant trends in these parameters (lower as dose was increased) in females only.

Clinical chemistry:
A limited number of blood biochemistry parameters were investigated. There were no notable differences between
treated and control group values for transaminase activity or glucose levels.

Urinalysis:
Not reported.

Organ weights:
Organ weights, expressed as organ to bodyweight ratios, for which statistically significant changes with increasing
dose was observed (liver, kidney, thyroid, adrenal), are presented in Table B.6.3.2.1-02. An increase in liver
weight ratios was observed at all doses. Although the increase was 22.6 % at the lowest dose, a statistical
significance was only attained at 2500 ppm and above. The increased kidney weights and adrenal weights were of
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uncertain significance, in the absence of evident dose-effect relationship. In addition, observed histopathological
findings in the kidney were observed at all doses (see below). The increased thyroid weight at 10000 ppm and
above was also unexplained, as the organs showed no hypertrophy at necropsy (the succint pathology report did
not mention any histopathological thyroid abnormality, but it was unclear whether it had been examined). Other
modifications were considered related to the alteration of body weight at the highest doses. There were no
statistically differerences with increasing dose in the relative weights for heart, spleen, testes, prostate, ovary and
uterus.

Table B.6.3.2.1-02. Group mean organ weights per 100 grams body weight (g) in males and females after 13 weeks
(
et al. 1966)
Sex
Dose
Organ weight ratios (mean weights per 100g bodyweight)
(ppm) Liver (g)
Kidneys (g)
Thyroid (mg)
Adrenal (mg)
Males
0
2.843
0.676
4.97
13.69
1250
3.486
0.690
5.63
14.45
2500
4.581*
0.783*
5.65
15.28
5000
4.566*
0.790*
5.26
14.59
10000 6.786*
0.846*
7.63*
19.20*
20000 7.112*
0.826*
7.94*
18.35*
Females
0
2.992
0.676
6.44
26.31
1250
3.382
0.639
6.41
25.19
2500
4.750*
0.752
5.99
29.75
5000
5.092*
0.718
7.37
26.69
10000 6.400*
0.768*
9.51*
28.54
20000 7.938*
0.836*
11.09*
23.48
* p < 0.05, values statistically significantly different from control.

Gross pathology:
There were no macroscopic findings that were considered to be treatment-related.

Histopathology:
A number of kidney lesions were reported which were equally distributed among all treatment groups, including
controls (fatty degeneration, hyaline globules in convoluted tubules). Other findings, like (hydro)nephrosis,
occurred spuriously or at intermediate doses. The only treatment-related effect in the liver was the presence of
inclusions in the hepatocytes (which stained positive for the periodic acid-Schiff stain, suggesting the
carbohydrate orgin). Inclusions occurred at 10000 ppm (2/10♀) and above (4/10♂, 1/10♀).

DAR Conclusion
Protocol not in compliance with test method B.7 of directive 92/69/EEC. Remark: more recent subchronic rat
dietary study existed to fulfill the data requirement. The study was considered to provide additional information.

Increased liver weight, observed at all doses, became significant at 2500 ppm and above. In the light of ulterior
data, this effect was most likely related to metabolic induction, and was thus not necessarily adverse. However,
due to the paucity of the reported data, no NO(A)EL could be detected in this study.
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RMS comments and conclusions
This study was performed before any relevant guidelines were released, and does not fulfill the current data
requirements of the OECD Test Guideline 408 (updated 21st September 1998). Furthermore, GLP was not
compulsory when the study was performed. In view of this, and as a more recent subchronic rat dietary study
exists to fulfill the data requirement, this study is considered as supplementary only, and the conclusion from the
previous evaluation (DAR, 2006), that no NO(A)EL could be detected, remains.

CA 5.3.2/02
Reference:

(1996) Subchronic toxicity studies of benefin
(Compound 054521) administered orally in the diet to Fischer 344 rats for 3 months

Report No.:

, Report No. R33989, R44089 and R29990

Guideline:

OECD TG 408 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

In three studies designed to establish a dose regimen for a subsequent oncogenicity
evaluation, Benfluralin was administered by dietary admixture to rats (Fisher
F344/
) for 90 days/ 13 weeks. The dose levels were as follows:
Study R33989 (15 rats/sex/dose)
0, 250, 1100, 5000 ppm, with the following calculated achieved doses (mg/kg
bw/day) for males: 0, 17, 74, 341 and females: 0, 20, 88, 395
Study R44089 (15 rats/sex/dose)
0 and 7500 ppm, with the following calculated achieved doses (mg/kg bw/day) for
males: 0, 522 and females: 0, 604
Study R29990 (15 male rats/dose)
0, 50, 500 or 5000 ppm, with the following calculated achieved doses (mg/kg
bw/day): 0, 3.2, 32, 322.
Following the exposure period, 15 (Study R33989) or 10 (Study R44089)
rats/sex/dose were sacrificed, and 5 rats/sex (Study R44089) of the 0 and 7500 ppmgroup were placed on control feed for another 6 weeks (recovery group). In study
R29990 an interim necroscopy of 5 rats/dose occurred after 2 weeks.
Additional to the routine analyses (including urinalysis, analysis of haematology and
clinical chemistry parameters, weighing and microscopic evaluation of organs), the
following examinations were performed:


Urinalysis was extended with the assessment of enzyme activity of asparase
transaminase (AST) and lactate dehydrogenase (LDH) in the urine of rats in
study R44089 and study R29990.



Hepatic enzyme induction was assayed in studies R33989 and R44089, by
determining p-nitroanisole-O-demethylase (p-NAOD, CYP1A-mediated) in
liver samples obtained from 5 rats/sex/dose. The enzyme activity was
expressed in nmol of formed p-nitrophenol/mg protein/h.
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At necropsy time of study R29990 (2 or 13 weeks), samples of kidney
cortex of 3 rats/dose were processed and embedded into epoxy resin for
electron microscopy examination (standard and immunocytochemistry). In
addition, samples obtained from two control and one high dose group
animal at week 2 and one control and two high dose animals at Week 13,
were prepared by immunogold labelling ultrastructural
immunocytochemical localisation of α2µ globulin. The sections were
graded visually for the presence and the relative density of the label.

In study R29990 the parameters assayed were more limited (only LDH and AST
were assessed in urine samples, no blood samples were collected, only the kidneys
were collected at necroscopy in week 2 (interim sacrifice) or 13.
Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 96.6 %
Batch No.: 231EF4

Results
Mortality:
No deaths occured in any of the three studies.

Clinical signs:
Orange/yellow urine coloration, indicative of the excretion of the test article was observed at all, except the lowest
dose tested (50 ppm).

Body weight, body weight gain, food consumption and food efficiency:
Body weight was minimally depressed at 7500 ppm (about 4-7%, statistically significant trend throughout the
treatment period). This effect was in line with the observed decreased food consumption at this dose. Overall,
body weight gain was minimally decreased. The weight and food consumption effects were fully reversible 6
weeks after the withdrawal of the test article. The amount of consumed food was also marginally lower in the
females at 5000 ppm during the first week of treatment (-12%). The difference with the control group was
consistently about 3-8% (p<0.05, trend test) throughout treatment, but the toxicological relevance is unclear, as the
impact on body weight was not visible.

Ophthalmology:
Ophthalmic examinations were performed on each rat from studies R33989 and R44089. No treatment related
effects were observed.

Haematology:
Hematology determinations were performed for studies R33989 and R44089, and the relative changes in
haematological parameters in non-exposed vs exposed animals is provided in table Table B.6.3.2.1-03 below.
Slight regenerative anaemia was suspected at 5000 ppm and above, in view of the decreased RBC, Hb, Hct, MCH
and MCHC and increased reticulocyte count in both sexes. In the report, it was also stated by the study director
that mild poikilocytosis was observed at 5000 ppm and above (not further documented in the raw data). The
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reduction of MCH in top-dosed animals was persistent after feeding 6 weeks diet without test article. Other
parameters were unremarkable or even significantly reversed (RBC) after recovery. Mean RBC volume was
statistically reduced at the top dose (males) and at 250 ppm and above (females). A reduced MCV was also
observed after recovery period in the top-dose group.
The thrombocyte number at 5000 ppm and above was increased in both sexes. The significance of the shortened
prothrombin time at 5000 ppm and above was unclear. Activated partial thromboplastin time was increased in the
top-dose females. After recovery, differences with controls was unremarkable. Also in the top-dose females,
leukocyte counts were slightly low, possibly due to diminished lymphocyte or monocyte counts, although
differential counts did not indicate a relationship with treatment.

Table B.6.3.2.1-03. Haematology (
2501

et al 1996)
Dose (ppm)
11001
50001
3.4%*
5.6%*
5.4%*
4.4%*
2.5%*
9.5%*
8.0%*
4.0%*
2.7%*
7.9%*
7.0%*
1.9%*
2.4%*
1.6%*
0
0
1.93
1.95
4.1%*
2.7%*
1.7%
1.2%
13%*
16%*
3.3%*
n.a.
n.a.

75002
4.2%*
7.3%*
8.4%*
9.7%*
7.6%*
7.5%*
(1.4%*)
3.5%■
-(■)
0
0
n.a.
n.a.
14.7%*■
2.5%*■
2.4%*
14%*
24%*
6.1%*
5.1%*
13%*
21%*
21%*
38%■
65%*■
1
:First study R33989; 2:second study R44089; Statistically significant modification, trend test §p<0.05; Dunnett’s t-test
*p<0.05; ■:modification present after recovery period; n.a.: not available.
RBC
Hb
Hct
MCV
reticulocytes (%)
MCH
MCHC
platelets
PT
APTT
WBC
lymphocytes
monocytes

Clinical chemistry:
The relative changes in the measured clinical chemistry parameters in studies R33989 and R44089 in non-exposed
vs exposed animals, is provided in table B.6.3.2.1-04 below. Modifications occurring at intermediate
concentrations, but not at the top-dose (creatinin, Ca, P, total protein, albumin, globulin), were considered as
irrelevant. Treatment-related changes were confined to effects at 5000 ppm and above. Increased blood urea
nitrogen levels were related to histopathological effects in the kidney. Protein levels were increased in the males,
and were in line with observed rised albumin and globulin levels. The effect was unexplained, as hypovolumia
was not observed at the intermediate doses. Cholesterol levels were high at the top-dose, and could be related to
effects in the liver. The latter was further supported by minimal modifications of γ-GT at 5000 ppm (females) and
above (males, females). The decreased alkaline phosphatase and transaminase levels at 5000 ppm and above were
considered of dubious toxicological significance. Except for the slightly elevated protein levels, none of the cited
modifications persisted 6 weeks after removal of test article administration. The activity of p-nitroanisole Odemethylase was slightly elevated in rat treated at 1100 ppm and above, indicating that the test article was a weak
inductor of hepatic microsomal CYP-450 1A-isoforms.
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For certain parameters, dose-response was not evident, but it should be stressed that results were obtained from
two different studies, thus the figures should be interpreted with caution.

Table B.6.3.2.1-04. Clinical chemistry (

et al 1996)
Dose (ppm)

2501
♂

11001
♀

BUN
total bilirubin
ALP
ALT
AST
γ-GT
total protein
(5.7%*)
albumin
globulin
A/G
cholesterol
Hepatic p-NAOD activity (CYP-450 1A)

50001

♂
(9.2%)

♀
-

(11%*)

(9.4%*)

-

(6.5%*)

-

11%*

♂
14%*
34%*
20%*
21%*

♀
7.4%
32%
23%*
-

9.9%*
6.4%*
10%*
-

57%*
14%*
7.0%*
22%*
12%*

75002
♂
♀
9.4%*
11%*
23%*
54%*
22%*
31%*
28%*
21%*
15%*
23%*
11%
65%*
13%*■
12%*
14%*
15%*
72%*
85%*

23%*
39%*
32%*
60%*
47%*
46%*
study R33989; 2:second study R44089; Statistically significant modification, Dunnett’s t-test *p<0.05; ■:modification
present after recovery period
1:First

Urinalysis:
The results of the urinalysis of the three studies is summarised in table B.6.3.2.1-05, below. Urinary volume was
slightly high at the top-dosed males, and top-dosed females exhibited a slight pH rise. A significant elevation in
the excretion of aspartate aminotransferase and lactate dehydrogenase was observed at 500 ppm and above,
indicating possible kidney proximal tubular dysfunction and cell destruction. At termination, the elevated values at
the top-dose (males) were not proportional to the dose (when the two experiments were pooled), and the effect
was not persistent at the end of the recovery period.
Table B.6.3.2.1-05. Summary of urinalysis results for three studies (
Study
number

Sex

Dose
level
(ppm)

R33989

Males
0
(15/dose) 250
1100
5000
Females 0
(15/dose) 250
1100
5000

R44089

Males
Females
Males

0
7500
0
7500
0

Sample time

Specific
gravity

Termination 1.0312
1.0254
1.0248
1.0282
Termination 1.0456
1.0382
1.0302
1.0410
Interim
1.0437
1.0350
Interim
1.0347
1.0313
Termination 1.0454

et al 1996)

PH

Volume
(mL)

AST

LDH

7.40
7.40
7.20
7.60
7.00
7.40
7.00
8.00
7.13
7.33
7.80
8.13
7.50

2.34
2.08
2.52
2.46
0.98
1.68
1.38
0.66
1.63
2.13
1.83
1.78
1.21

19.40
42.60*
8.8
25.7
19.46

26.00
38.33*
10.5
16.3
26.92
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Study
number

R29990

Sex

Dose
level
(ppm)

Sample time

(10/dose)
Females
(10/dose)
Males
(5/dose)
Females
(5/dose)
Males
(5/dose)

7500
0
7500
0
7500
0
7500
0
50
500
5000

1.0365*
Termination 1.0429
1.0387
Recovery
1.0532
phase
1.0482
Recovery
1.0520
phase
1.0442
Interim
Termination -

Males
0
(10/dose) 50
500
5000

Specific
gravity

PH

Volume
(mL)

AST

LDH

7.80
7.33
8.00*
7
7
7.80
7.80
-

1.93*
1.12
1.06
1.58
1.00
0.70
1.12
2.09
2.08
2.04
2.00
1.77
2.23
1.63
2.44

29.33*
29.7
18.5
5.60
2.80
0.00
0.25
7.27
8.13
10.13
20.00*(↑175%)
12.40
17.20
19.80* (↑60%)
28.60*

29.27
22.4
15.3
29.40
26.60
25.2
11.3
4.53
5.07
7.33
10.93
6.40
9.20
11.60
20.20*

* p < 0.05, values statistically significantly different from control.

Organ weights:
Liver weight was increased at all doses, but as the increase was more than 10% only from 1100 ppm onwards, the
effect was considered not adverse at the lowest dose. At the top-dose (males), relative weight was still high 6
weeks after withdrawal of test article. Absolute adrenal weight was increased at 5000 ppm (males -10%, females
8,7%), but not at 7500 ppm , where only relative weight was slightly increased ( males -11%, females 8,6%). The
effect was therefore considered spurious. Thyroid weights were increased at 5000 ppm (males, females) and above
(females), but the significance of this finding was uncertain as corroborating histopathological findings were
lacking. Notably, a statistically significant increase in the relative (14%), but not absolute weight of the ovaries
was detected upon exposure to 7500 ppm.
Table B.6.3.2.1-06. Summary of organ weight changes (
Study
number

Sex

R33989

Males

Dose
level
(ppm)

Mean
body
weight

Liver
weight
(g)

Relative liver
weight
(g/100g bw)

0
363.7
9.545
2.623
250
364.8
9.963
2.729* (↑4%)
1100
365.1
10.813* 2.955* (↑13%)
5000
365.8
13.831* 3.780*
Fe0
195.1
4.598
2.359
males
250
200.2
5.001*
2.496*
1100
194.4
5.329*
2.740*
5000
188.9
6.493*
3.435*
R44089 Males
0
336.5
8.734
2.593
7500
321.1* 12.257* 3.815*
Fe0
183.9
4.576
2.487
males
7500
175.5
6.858*
3.907*
* p < 0.05, values statistically significantly different from control.

et al 1996)
Kidney Relative
weight kidney
(g)
weight
(mg/100g
bw)
2.191
602.7
2.233
612.3
2.277
623.1*
2.435* 665.8*
1.233
632.8
1.291* 644.7
1.297* 668.2*
1.299* 687.9*
1.965
584.4
2.092* 651.5*
1.178
641.3
1.196
681.7*

Thyroid
weight
(mg)

Relative
thyroid weight
(mg/100g bw)

19.8
20.8
22.3
23.3*
15.1
14.5
17.4
17.8
18.1
19.2
10.6
12.9*

5.451
5.707
6.128
6.373*
7.751
7.225
8.951
9.419*
5.384
5.980
5.793
7.367*
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Gross pathology:
The animals showed enlarged livers on necropsy time, at 1100 ppm (males) and above (males, females). Adipose
tissue showed yellowish discoloration at 5000 ppm and above. Ovary cysts were observed at 250 (2/15), 1100
(7/15) and 5000 (1/15) ppm, but not at 7500 ppm.

Histopathology:
Treatment-related effects in the studies 1 (R33989) and 2 (R44089) were restricted to the kidneys and the liver.

In the kidneys, minimal to moderate nephrosis (bilateral) was reported in males, from 250 ppm onwards, with
dose-dependent increase in severity of the lesions in the epithelial cells of the cortical tubules. In the males, the
nephropathy was characterized by an increased prominence of hyaline droplets (both a greater incidence of cells
affected, and of number of globules in the cells). The change was identified as a nephrosis because of an
associated increase in the number of cells (in isolation or focal) undergoing degeneration and regeneration. In the
females, the hyaline droplets were merely characterized by a golden-brown pigment deposition. The number, size
and density of the droplets was reported to be less important in the females than in the males. In the satellite
group, sacificed on wk 6 after removal of test article administered at the top-dose, all (5/5) animals showed
minimal pigment deposition (females) or hypertrophy and/or minimal to slight regeneration (males) of the cortical
tubular epithelial cells.

In the liver, minimal (250 ppm onwards) to slight (1100 ppm onwards) centrilobular hepatocyte hypertrophy was
observed, which was of greater severity in the males than in the females. The hypertrophy was characterized by an
increased eosinophilic cytoplasm, with subsequent mild sinusoidal space compression and central vein dilatation.
The affected lobules were reported to be uniformly distributed throughout the rat liver. In the reversibility phase,
2/5 males still showed minimal centrilobular hypertrophy. At the top-dose, a slight increase of
hepatodiaphragmatic nodule incidence was observed.

Other lesions at the top-dose (spleen or ovary cyst, minimal uterus dilatation, thyroid minimal focal cyst, minimal
lymphoid hyperplasia in lymph node) occurred in one or 2 animals, such that involvement of treatment is
improbable (as in addition, these organs were not detected as target organs). The observed inflammation in the
lung was observed both in the controls and in the top-dose group, and was of comparable severity.
Table B.6.3.2.1-07. Histopathology, studies R33989 and R44089 (
Study
Sex
Dose
Number
Kidneys
number
level
examined /
(ppm) dose

R33989

Males

0
250
1100

15

Pigment
deposition
(minimal/
slight)
-/-/1/-

Nephrosis
(minimal/
slight/
moderate)
3/-/13/2/1/14/-

et al 1996)
Liver

Cell
regeneration
(minimal/
slight)

C.L. hypertrophy Hepatodiaphra
(minimal/slight) gmatic nodule

-/15/12/3

0
0
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Study
number

Sex

Dose
level
(ppm)

Number
Kidneys
examined /
dose

5000
-/-/15/0
15
-/-/-/250
15/-/-/1100
14/1
-/-/5000
-/15
-/-/R44089 Males
0
10
-/-/3/7
7500
-/-/-/Females 0
10
-/-/-/7500
-/9
-/-/* modification present after recovery period (see text for incidences).

Liver

2*/2*

-/15
-/7/15/14/1
6/4

-/-/-

-/10/-

Females

1
1
1
1
2
4

In the supplementary study (study 3, R29990, only males), an increased incidence of hyaline droplets were
observed in rats fed 50 to 5000 ppm of test article, both at two weeks interim sacrifice and at termination. The
effect showed both a time-dependent and dose-dependent increase in severity. Hyaline droplet formation was
occasionaly accompanied by cell regeneration. Thus, it was impossible to detect a dose without effects in these
three 90d feeding studies.

Table B.6.3.2.1-08. Histopathology of the kidney in male rats, study R29990 (
Sacrifice
Dose level Number
Hyaline droplets
time
(ppm)
examined/
(minimal, slight, moderate)
dose

D 14

D 92

0
50
500
5000
0
50
500
5000

5

10

-/-/3/-/5/-/-/5/-/-/10/-/-/10/-/-/9

1996)
Cell regeneration
(minimal)

1
3

In addition, ultrastructural changes in the epithelial cells in the proximal tubules were assessed by standard TEM
and immunocytochemical staining for rat α2µ-globulin, in both control and top-dose rats. Compared to control
animals, secondary lysosomes of treated rats tended to be increased in size. Whereas secondary lysosomes of
control animals were relatively slightly positive, those of treated animals were strongly positive for α2µ-globulin.
The accumulation of hyaline droplets is believed to be caused by the inhibition of the lysosomal catabolism of the
α2µ-globulin, and is rather specific for the male rat.

DAR Conclusion
The study is accepted. Protocol in compliance with test method B.26 of directive 2001/59/EC.
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In the male rat, the hyalin droplets was explained by a clear rat-specific mode of action, and is thus not relevant
for the human. In the female rat, minimal pigment deposition was observed at the lowest dose administered. At
1100 ppm, pigment deposition was slight in 1/15 animals.
NOEL <50 ppm = 3.2 mg/kg w/d
LOEL = 50 ppm = 3.2 mg/kg bw/d (based on the increased incidence of hyaline droplets in the male rat kidney
cortex)
NOAEL =250 ppm = 17 mg/kg bw/d
LOAEL =1100 ppm = 74 mg/kg bw/d (based upon increased slight pigment deposit in the proximal convoluted
tubule, with supporting evidence of increase in kidney weight in the female rat)

RMS comments and conclusions
The study, including endpoints from three integrated studies, is considered acceptable. It follows the OECD TG
408 (updated 21st September 1998) in most aspects. Observations of sensory reactivity to stimuli of different
types, assessment of grip strength and motor activity assessment was not conducted in the study. According to the
applicant, neither this nor any other study showed evidence of physical functional impairment indicative of
selective neurotoxicity.

Based on the previous evaluation in RAR, the NOAEL was set at 250 ppm (17 mg/kg bw/day). The hyalin
droplets observed in male rats at 250 ppm was explained by a clear rat-specific mode of action, and was thus not
deemed relevant for the human. In female rats, the hyalin droplets were merely characterised by a golden-brown
pigment deposition, which was observed as minimal at 250 ppm (15/15), progressing to slight in 1/15 animals at
the next dose level.

In the liver of male (15/15) and female rats (7/15) exposed to 250 ppm, minimal centrilobular hepatocyte
hypertrophy was observed, progressing to slight centrilobular hepatocyte hypertrophy at the next dose levels.
Allthough this effect may correspond to the increase in liver weight, identified at all doses, the increase in liver
weight in rats exposed to 250 ppm was less than 10% and therefore considered not adverse. Consequently, the
minimal centrilobular hepatocyte hypertrophy observed at this dose level was also considered as non-adverse.

Notably, ovary cysts were observed at 250 (2/15) , 1100 (7/15) and 5000 (1/15) ppm, but not at 7500 ppm.
Although small increases in absolute and relative weights of the ovaries were detected at 250, 1100 and 5000 ppm,
a statistically significant increase in the relative (14%), but not absolute weight of the ovaries was only detected
upon exposure to 7500 ppm, were no cysts were detected.

During the previous evaluation in DAR (2006), the rat NOAEL was established at 250 ppm (17 mg/kg bw/day),
based upon increased slight pigment deposit in the proximal convoluted tubule, with supporting evidence of
increase in kidney weight in the female rat at 1100 ppm. The conclusion from the previous evaluation in RAR
(2006) has not been changed. NOAEL = 17 mg/kg bw/day.
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B.6.3.2.2 Mouse
CA 5.3.2/03
Reference:

(1988a) A subchronic toxicity study in B6C3F1 mice
given benefin (EL-110, Compound 54521) in the diet for three months
, Report No. M00180

Report No.:
Guideline:

OECD TG 408 (1981)

GLP:

No, but report and raw data were subject to a GLP-standard audit

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Groups of 15 male and 15 female B6C3F1/ Br mice were fed a diet containing 0,
100, 300, 1000, 3000 and 10000 ppm of benfluralin (equivalent to 0, 13.5, 40.3,
132.8, 420.8 or 1364.4 mg/kg bw/day for males and 0, 17.4, 51.1, 168.2, 506.6 or
1730.2 mg/kg bw/day for females) for 13 weeks /90 days. The mice were checked
daily and a detailed examination was performed once weekly. The mice were also
weighed at weekly intervals. Blood samples were taken prior to necropsy, after
overnight fasting. In addition to the routine clinical chemistry analyses, liver
samples taken at necropsy from 5 rats/sex/dose were assayed for hepatic enzyme
induction (by determination of hepatic p-nitroanisole O-demethylase).

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 98.22 %
Batch No.: X 35746

Results
Mortality:
One female dosed at 1000 ppm died on Day 63 (accident) and one male dosed at 3000 ppm was found dead on
Day 58. Neither death was considered attributable to treatment with benfluralin.

Clinical signs:
Orange/yellow urine coloration, indicative of the excretion of the test article, was observed at all but the lowest
doses. Chromaturia was characterised as slight (300-1000 ppm), moderate (3000 ppm) or dark (10000 ppm), and
was thus dose-related. Other signs (bites, alopecia, aggressiveness, prepuce chewed) were uniformly distributed
among various dose groups (including controls), and were considered behavioural changes due to gang caging of
the animals.

Body weight, body weight gain, food consumption and food efficiency:
In the males, body weight (gains) remained unaffected. A small decrease was observed in the top-dose females,
however without attaining statistical significance. It was of note that at necropsy time, the apparent decrease of
bodyweight in the females was not more marked than in the males. Food consumption was not recorded during the
study. Estimations for daily test substance intake were based on control food consumption values of 4 g/day for
males and 3.9 g/day for females.
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Ophthalmology:
Not performed.

Haematology:
The relative changes in haematological parameters in non-exposed vs exposed animals is provided in table
B.6.3.2.2-01 below. RBC parameters were slightly reduced in the top-dose animals. The marginally decreased
mean corpuscular volume (MCV) in the females at 1000 and 3000 ppm were dose-related. The apparently
increased mean WBC count in the top-dose males was caused by an outlier (#5011) with approximately 10 times
the mean control value, and this animal also had serious liver lesions. The same animal had extreme levels of urea
nitrate, whereas ALT activity was low and AP was high.

Table B.6.3.2.2-01 Haematology (

, 1988a)

100
♂ ♀

300
♂

♀

Dose (ppm)
1000
♂
♀

RBC
Hb
Hct
MCV
1.6%*
MCH
WBC
Statistically significant modification, Dunnett’s t-test *p<0.05, **p<0.01

3000
♂

♀

-

2.7%*

10000
♂
♀
6.8%
3.5%
8.1%*
6.3%*
10%*
7.1%*
3.7%*
3.9%*
2.9%*
81%

Clinical chemistry:
At the top-dose, urea nitrate level was slightly elevated in the males (mainly due to #5011, and another male,
#5014, showing pneumonia). Whereas the alanine transaminase activity was also highly increased in 3/15 animals,
the increase of alkaline phosphatase was generally elevated in the males, whereas females were unaffected. As
indicated in table B.6.3.2.2-02 below, a statistical significant increase in hepatic microsomal enzyme activity
(assayed by determining the p-nitroanisole O-demethylase activity) was detected in the male mice dosed 10000
ppm (1364.4 mg benfluralin/kg bw/day) and in females dosed 1000 ppm and above (equivalent to 168.2; 506.5 or
1730.2 mg benfluralin/kg bw/day).
Table B.6.3.2.2-02. Mean hepatic p-nitroanisole O-demethylase activity in male and female mice fed benfluralin test diet
for three months (
et al. 1988)
Dose (ppm)
0

100

300

1000

3000

10000

Males

31.78

29.47

29.28

31.78

39.22

45.84*

Females

40.11

43.83

44.99

55.09*

64.16*

58.43*

* p < 0.05, values statistically significantly different from control (one tailed Dunnett’s t-test).
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Urinalysis:
No urinalysis investigations were conducted in this study.

Organ weights:
The major change was in liver weight in both sexes. As shown in table B.6.3.2.2-03 below, liver weight was
increased at 1000 ppm and above. The relative increase in the females at 300 ppm was not considered significant,
in the absence of absolute change. Absolute uterus ( with ovaries attached) weights were reduced for females
dosed at the two highest doses (3000 and 10000 ppm). The etiology of the reduced uterus (with ovaries attached)
weights was unclear, as no gross or histopathological finding in these organs corroborated the observation (only
ovary cysts were observed in 2/15 animals at 3000 ppm). It is possible that this observation was reflective of the
general decline in condition of the animals (as also illustrated by the reduced RBC parameters at the top-dose).

Table B.6.3.2.2-03. Absolute and relative liver weights in male and female mice fed benfluralin test diet for three
months (
et al. 1988)
Dose (ppm)
0
M

100

300

1000

3000

10000

F

M

F

M

F

M

F

M

F

M

F

Absolute 1,207
(g)

0,916

1,185

0,883

1,252

0,936

1,297

1,004

1,455
**

1,169
**

1,664
**

1,248
**

Body
weight
(g)

33,4

24,9

32,1

23,5

32,6

23,3

33,2

24,1

31,7

24,5

31,1

23,9

Relative

3,616

3,683

3,702

3,772

3,844

4,036
**

3,899

4,176
**

4,599
**

4,778
**

5,340
**

5,220
**

* p < 0.05, ** p < 0.01, values statistically significantly different from control (two tailed Dunnett’s t-test).

Gross pathology:
There were no gross pathological changes, considered to be treatment related, observed in any of the treated or
control mice.

Histopathology:
Mild centrilobular hepatocyte hypertrophy was noted predominantly among males dosed at 1000 ppm and above
(an approximate dose of 132 mg/kg bw/day or higher), with occasional cases seen among the females in these
groups. At the top-dose, 2 males showed severe hepatotoxicity, as multifocal cell necrosis and nodular
hyperplastic nodules were observed.

DAR Conclusion
The study is accepted. Protocol partly in compliance with test method B.26 of directive 2001/59/EC
Deviation form protocol: food consumption was not recorded; test article intake was estimated on default
consumptions of 4 g/d (♂) and 3.9 g/d (♀).
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NOEL = 300 ppm = 40.3 mg kg bw/d
LOEL = 1000 ppm = 132.8 mg/kg bw/d (based on increased CYP-450 induction and related centrilobular
hypertrophy, and increase in liver weight)
NOAEL= 1000 ppm = 132.8 mg/kg bw/d
LOAEL= 3000 ppm = 420.8 mg/kg bw/d

(based on increase in ALT, increase in AP, increase in liver

weight>10%)

RMS comments and conclusions
The study, which was not subject to the requirements of any GLP guidelines, but of which the report was subject
to an audit indicating that the report accurately reflects the raw data generated during the conduct of the study, is
considered as acceptable. The study follows the OECD TG 408 (updated 21st September 1998), with exception of
following deviations:
1. No ophtalmological examination was conducted.
2. No observations of sensory reactivity to stimuli of different types, assessment of grip strength and
motor activity assessment were conducted.
3. Food consumption was not recorded; test article intake was estimated on default consumptions of 4 g/d
(males) and 3.9 g/d (females).
4. The following biochemistry determinations were not included: sodium, potassium, total cholesterol,
urea, total protein, albumin
5. Epididymides, thymus, and brain was not weighed at necropsy, and weights were recorderd of kidneys
with adrenals attached and of uterus with ovaries attached.

At 1000 ppm in female mice, a decrease in MCV (1.6%), an increase in hepatic p-nitroanisole O-demethylase
activity (37%), and increases in absolute (9.6 %) and relative (13%) liver weights occured. In male mice, these
effects occured at higher doses. However, mild centrilobular hepatocytic hypertrophy was seen in male, but not in
female mice dosed 1000 ppm and above. During the previous evaluation in DAR (2006), the mouse NOAEL was
established at 1000 ppm (133 mg/kg bw/d), based upon marked (>10%) liver weight increase and increased
enzyme activities at 3000 ppm. The conclusion from the previous evaluation in RAR (2006) has not been changed.
NOAEL = 133 mg/kg bw/day.
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B.6.3.2.3 Dog

CA 5.3.2/04
Reference:

(1966) Subacute toxicity
of benefin to dogs
, Report No. D96-64

Report No.:
Guideline:

-

GLP:

No, study completed prior to implementation of GLP

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

3 dogs/sex/dose (mongrels, not purebred) were fed with Benfluralin in the diet, at
dose levels of 0, 500, 2000 or 8000 ppm, corresponding with approximately 0, 12.5,
50 or 200 mg/kg bw/day, for a period of 90 days (dietary or test article intake not
assessed; calculations using conversion factor). Dietary analyses, to determine
homogeneity, stability and test substance concentration, were not included in this
study. Frequency of preparation during study and stability not reported. The animals
were weighed pre-dose, and on d7, d14, d28, d56 and d91 (initial bw variations on
pre-dose time were high; at termination, 2/3 control males failed to gain weight
compared to pre-dosing time).
Various haematology and clinical chemistry parameters (blood cell counts, platelets,
sedimentation rate, prothrombin time, blood urea nitrogen, blood sugar and serum
glutamic pyruvic transaminase plus sugar and protein levels in voided urine samples)
were investigated at intervals during the study at approximately Week 1, 2, 4, 7 and
13. Group results per sample time were not provided. Organ weights included
adrenal, heart, kidney, liver, spleen, and thyroid. Gross pathology and histopathology
was completed for all animals. Where possible, fat samples of dogs were assayed for
stored test article. The study was considered to provide additional information.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: no details provided
Batch No.: no details provided

Results
Mortality:
All top-dose females and one top-dose male were euthanised following a history of extreme weight loss and
anorexia, on days 49, 50 or 85 and on day 50, respectively. At lower doses, all dogs survived the treatment.

Clinical signs:
Clinical changes were either not observed or were not severe in the high or intermediate dose groups. At 500 ppm,
a male vomited occasionally during Weeks 1 to 3 and blood and mucus were present in the faeces of one female in
Week 7. One male and one female, dosed at 2000 ppm, vomited during Week 11.

Body weight, body weight gain, food consumption and food efficiency:
Rapid weight loss and cachexia was noted for all animals dosed at 8000 ppm and treatment was stopped after Day
49, 50 or 85 for four animals from this group. Two males dogs dosed at 2000 ppm lost more than 10% of
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bodyweight (9.2-7.7 kg, 9,3 – 7.9 kg). In the report (raw data not presented), it was stated that at 50 mg/kg bw and
above, food consumption was drastically reduced.

Ophthalmology:
Not investigated in this study.

Haematology:
Mean haemoglobin values were markedly decreased in animals dosed 2000 or 8000 ppm. At 500 ppm, values
were consistently about 2-8% lower than controls. Likewise, haematocrit and red blood cell counts were >10%
decreased at the two highest doses. Other parameters were (apart from raw data) not reported. In one top-dose
female, the myeloid:erythroid cell ratio was high.

Clinical chemistry:
Average parameters were not reported; raw data partly illegible. In the report, it was stated that the AP and ALT
activity, and bromosulfalein (BSP) retention was markedly elevated in one top-dose female (terminated on d50),
indicating hepatotoxicity.

Urinalysis:
No urinalysis investigations were conducted in this study.

Organ weights:
Increases in organ to bodyweight ratios, particularly in the two higher dose groups, were seen in all of the
examined organs (liver, kidney, heart, spleen, adrenal and thyroid). Compared to control average value, the liver
weight was increased at all doses, and amounted to 11%, 27% and 72%. Kidney weights were 12% and 34%
above controls at 2000 and 8000 ppm. Other increases were considered a consequence of the body weight loss,
although the notifier suggested that the 6% spleen weight increase in the top-dose males could be consistent with
the observed increased RBC turnover.

Gross pathology:
At the top-dose, survivors showed a loss of subcutaneous fat. A limited assessment of benfluralin in fat samples
was undertaken. Samples were examined from two control animals, four low dose dogs and one dog from each
group dosed at 2000 or 8000 ppm. The ppm levels of benfluralin in fat ranged from 2.96 to 37.1. It was apparent
that repeated oral administration of high doses of benfluralin for up to three months resulted in only small
quantities being stored in fat, possibly indicative of poor test substance absorption.

Histopathology:
In one top-dose male, inhibition of spematogenesis was reported. No other effect was reported (neither raw data or
group means provided).
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DAR Conclusion
The study was considered to provide additional information. In this study, liver and erythron were detected as
possible target. Due to the paucity of reported parameters and in view of the body weight loss observed at all
doses, the determination of a NOAEL was not possible.

RMS comments and conclusions
The study is considered as supplementary. The study was performed before any relevant guidelines were released,
and does not fulfill the current data requirements of the OECD Test Guideline 409 (adopted 21st September 1998).
Furthermore, GLP was not compulsory when the study was performed.

Notably, all top-dose females and one top-dose male were euthanised before completion of the full treatment
period, due to extreme weight loss and anorexia. At 2000 ppm, corresponding to 50 mg/kg bw/day, several effects
were observed, including bodyweight loss (two out of three males lost more than 10% of bodyweight), drastically
reduced food consumption, markedly decreased hemoglobin, a decrease in hematocrit and red blood cell counts of
> 10% , increases in organ to bodyweight ratios in all of the examined organs (liver, kidney, heart, spleen, adrenal
and thyroid). Notably, compared to control average value, the liver weight was increased at all doses, and
amounted to 11%, 27% and 72%. The conclusion from the previous evaluation (DAR 2006), that no NOAEL
could be detected, therefore remains.

CA5.3.2/05
Reference:

(1993) Benefin: 13-week oral toxicity study in beagle dogs

Report No.:

., Report No.

Guideline:

OECD TG 409 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

4 dog/sex/dose (Beagle purebred) were fed gelatin capsules with Benfluralin at dose
levels of 0, 5, 25 or 125 mg/kg bw/day for a period of 90 days. Samples were not
checked analytically.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95.8%
Batch No.: ACD 13683

Results
Mortality:
There were no deaths in any of the treated or control groups.
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Clinical signs:
At 5 mg/kg bw/d (females) and above (males, females), animals vomited a coloured substance. This was
associated by the notifier with the mode of administration (i.e. bolus capsule). The incidence of food emesis was
equally distributed among all dose-groups. Other signs were also not related to test article administration.

Body weight, body weight gain, food consumption and food efficiency:
No statistical significant differences were noted. A minimal difference in food consumption was detected in the
top-dose females, but it was without any effect on body weight parameters at termination.

Ophthalmology:
There were no treatment-related ophthalmoscopic changes in any group.

Haematology:
Red blood cell parameters were unaffected by the treatment, in either sex. In the report, it was stated that a
significant treatment x time interaction was observed at the top dose after statistical analysis (ANOVA), but the
biological significance was considered to be low, as the mean value in the females (5.94 x 10 6/µL) was within
historical control ranges (reference ranges etablished by the laboratoty for age- and sex-machted dogs), and as no
significant treatment x time interactions were observed for hemoglobin og hematocrit. No increase of nucleated
red cells was noted at any dose. A marginal increase of platelet number was observed at 25 mg/kg bw/d and
higher, however without attaining statistical significance, although a dose-response was present. Values in 10³/µL
were 392 and 418 (males) and 380 and 439 (females) at the two highest doses respectively), were within reference
ranges established for age- and sex-matched dogs. Average WBC number was marginally increased in the topdose males (possibly linked to the high value of segmented neutrophils in one dog), and the effect was not
considered related to the treatment (as statistical significance was not attained, in addition).

Clinical chemistry:
At the top-dose, alkaline phosphatase activity was weakly increased in the males compared to mean control value.
There was indication of a dose-related trend, and whereas time-dependent decrease was observed in the control
animals, a slight increase (+18%) was observed at the top-dose (compared to pre-dose value). As the liver was the
target organ, the toxicological significance of the finding was not excluded. A slight increase was observed at 25
mg/kg bw but not at the top-dose in the females. The time-related decrease of ALT activity at the top-dose was of
uncertain toxicological significance.

Urinalysis:
There were no remarkable differences between treated and control groups.

Organ weights:
Liver weight was weakly but significantly increased at 25 mg/kg bw/d and above in the males.
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Gross pathology:
There were no gross necropsy findings considered attributable to treatment with benfluralin.

Histopathology:
Histopathology revealed liver sinusoidal cell pigmentation in all top-dose animals. Centrilobular to diffuse
hepatocellular hypertrophy was also evident at the top-dose, essentially in the males. The finding was consistent
with the increased liver weight at that dose. In the spleen, an increased incidence of cell pigmentation was
observed at 25 mg/kg bw and above. The pigment appeared as a golden-brown staining, suggesting haemosiderin
deposition, due to increased RBC turnover (although this was not confirmed in haematology). At the top-dose,
there was limited evidence of focal chronic inflammation of the kidney.
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Table B.6.3.2.3-01. Selected effects in male and female dogs fed benfluralin test diet for three months (
1993)
Dose (ppm)
0

5

25

125

M

F

M

F

M

F

M

F

Compound-coloured
emesis

0

0

0

2

2

3

4

4

Mean body weight
(kg), day 92

11.8

8.5

11.6

8.1

11.1

8.6

11.3

8.2

Mean body weight
change (kg), day 1-92

0.7

0.9

0.6

0.6

0.3

0.5

0.5

0.4

Food consumption,
d1-85

3.8

3.1

3.9

3.1

3.6

3.0

3.7

2.9

Platelets (103/µL)

320

311

341

367

392

380

418

439

RBC/ erythrocyte
count (106/µL)

6.69

6.32

7.20

5.95

6.81

6.99

6.64

5.94

Alkaline phosphatase
(u/l)

44

46

48

55
(↑25%)

55
(↑25%)

71
(↑54%)

75

46

Absolute liver weight
(g)

280

200

277

230

302
(↑7.9%)

234

359*

227

Relative liver weight
(organ to body weight
ratio) (%)

2.4

2.5

2.5

3.0

2.8*
(↑17%)

2.8

3.1*

2.8

Body weight (kg), day
92

11.8

8.5

11.6

8.1

11.1

8.6

11.3

8.2

* p < 0.05, ** p < 0.01, values statistically significantly different from control (two tailed Dunnett’s t-test).

DAR Conclusion
The study is accepted.
NOAEL = 25 mg/kg bw/d
LOAEL = 125 mg/kg bw/d (based on ↑clinical signs, ↑liver weight, ↑AP, ↑liver sinusoidal cell/spleen
pigmentation)

The increased incidence of pigmentation in the spleen at 25 mg/kg bw (spleen) was associated with haemosiderin
deposits, and was considered a secondary physiological response to an increased RBC turnover. This was
confirmed at the top-dose by a marginal decrease of RBC counts (♀). However, at 25 mg/kg bw, neither of the
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erythron parameters was altered, indicating that the compensatory mechanism of the haematopoiteic system was
not overcome at this dose. Therefore, the dose of 5 mg/kg bw/d was considered an NOEL.

RMS comments and conclusions
The study is considered acceptable. It follows the OECD Test Guideline 409 (adopted 21st September 1998).

Based on the previous evaluation in RAR, the NOAEL was set at 25 mg/kg bw/day. The increased incidence of
pigmentation in the spleen at 25 mg/kg bw/day was associated with haemosiderin deposits, and was considered a
secondary physiological response to an increased RBC turnover. This was confirmed at the top-dose by a marginal
decrease (6%) of RBC counts (females). However, at 25 mg/kg bw/day, neither of the erythron parameters were
altered, indicating that the compensatory mechanism of the haematopoiteic system was not overcome at this dose.
Furthermore, a slight increase in alkaline phosphatase activity was observed at 5 and 25 mg/kg bw but not at the
top-dose in the females, and the liver weight was weakly, but significantly increased at 25 mg/kg bw/d and above
in the males only.
The NOAEL for the dog studies on benfluralin was discussed at the PRAPeR 33 (15 – 19 10.2007) meeting. The
RMS pointed out that an overall NOAEL was established at 25 mg/kg bw/d., based on the following evaluation:
”The effects mentioned at 25 mg/kg bw/d were relatively weak: AP activity increase was +54% control value but
absent at the top-dose in the ♀. Liver weight was only increased in the ♂, and at the limit (r.w.) or in the absence
(a.w.) of statistical significance. The increase of platelet level was also relatively weak (+23%), and not
statistically significant. Whereas an association with the slight anemia (top-dose) was not excluded, the
toxicological significance was unexplained. Finally, slight spleen pigmentation was observed at 25 mkd, but in the
absence of frank haematological lesions, it was considered an adaptive rather than a toxic effect.” The PRAPeR
33 (15 – 19 10.2007) meeting confirmed that the NOAEL for both dog studies should be of 25 mg/kg bw/d.

The conclusion from the previous evaluation in RAR (2006) has not been changed. NOAEL = 25 mg/kg bw/day.
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B.6.3.3

Oral 12-month study

CA 5.5/04
Reference:

(1995) Benefin: One year oral chronic toxicity study in beagle dogs

Report No.:

, Report No.

Guidelines:

OECD No. 409 (1981) and No. 452 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

4 dog/sex/dose (Beagle purebred) were fed gelatin capsules with Benfluralin at dose
levels of 0, 5, 25 or 125 mg/kg bw/day for a period of 364 days. Samples were not
checked analytically.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95.8%
Batch No.: ACD 13683

Results
Mortality:
One female in the high dose group (125 mg benfluralin/kg bw/day) was sacrificed on wk 27 following a history of
limited use of the right front limb, swollen right hind limb, pale gums, emaciation, occasional poor appetite, warm
to touch and an abcess in proximity of the thyroids (including elevated WBC count, in line with the observed
suppurative inflammation in the liver).

Clinical signs:
Clinical signs were mainly restricted to the high dose group (125 mg benfluralin/kg bw/day), and included thin
appearance, warm to touch, hypoactivity, pale gums, emesis and lachrimation. The increased incidence of animals
showing emesis in the previous 90d study was not replicated in the current study.

Body weight, body weight gain, food consumption and food efficiency:
Food consumption was marginally reduced in females of the high dose group (125 mg benfluralin/kg bw/day)
(about –10%), but body weight (gain) was not significantly affected at termination. Body weights were low in all
treated females compared to the controls, but in the absence of a proper dose-response, the relationship with
treatment remained unclear (except for the reduced body weight change).

Ophthalmology:
There were no treatment-related ophthalmoscopic changes in any group.

Haematology:
The observed modifications of RBC parameters were generally very weak, lacked statistical significance, were not
dose-related or were partly explained by altered values observed at pre-dose time. At 25 mg benfluralin/kg bw/day
(males) and above (males and females), platelet levels were marginally increased, with a dose-dependent and a
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partly time-dependent trend. The effect was also observed in an earlier 90d study, but the etiology remained
unclear.

Clinical chemistry:
The only consistent modification was the dose-dependent decreased alanine aminotransferase activity, from 25
mg/kg bw/day onwards. The toxicological significance of this effect was unexplained. Alkaline phosphatase levels
were unaltered in the males. In the euthanised top-dose females, notable findings included an elevated alkaline
phosphatase activity and total cholesterol level, and a decreased ALT and low glucose level (wk 13, 26), a
decreased albumin and an increased globulin level (wk 13) and a decreased BUN and creatinin level (wk 26). The
findings were explained by inflammation in the liver. One other top-dose female also showed a high value (146
U/L) on wk 52, whereas the two other females had AP-activities comparable to the controls. It was concluded that
the AP-increase was toxicologically significant, as the effect was seen in the subchronic study, and the liver was
the target-organ.

Urinalysis:
There were no remarkable differences between treated and control groups.

Organ weights:
Liver weight was increased in the high dose group (125 mg benfluralin/kg bw/day). At the next-lower dose, the
value was only slightly elevated, and only in one sex (males), and the effect should thus hardly be considered
adverse.

Gross pathology:
There were no gross necropsy findings considered attributable to treatment with benfluralin.

Histopathology:
Histopathological findings were restricted to the liver. The increased incidence of liver sinusoidal cell
pigmentation (golden-brown material) at the top-dose was considered treatment-related. This increase could point
towards haemosiderosis, although it was remarkable that RBC counts or Hct levels were not markedly altered in
this study. On the other hand, subtle haematologic effects have been observed in the subchronic study, and in an
earlier 2 year dog study, reduced RBC parameters were reported on the 1 year (but not terminal) sacrifice.

RMS: NO
Co-RMS: NL

- 77 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table B.6.3.3-01. Selected effects in male and female dogs fed benfluralin test diet for one year (
Dose (ppm)
0

5

25

1995)

125

M

F

M

F

M

F

M

F

Compound-coloured
emesis

0

0

0

0

1

0

2

2

Mean body weight
(kg), wk 52

10.4

8.9

10.2

7.7

9.6

7.7

10.2

7.8

Mean body weight
change (kg), wk 0-52

1.6

1.6

2.0

0.8

0.8

0.9

1.4

0.7

34.9

43.2

32.9

41.5

34.5

40.6

31.4

309
273
291
6.88

383
368
335
6.30

315
292
316
6.64

354
397
327
7.05

428
414
434
6.04

337
347
310
6.38

471
468
447
6.53

486
551
471
5.63

120
36
32

43
30
30

46
36
36

52
36
32

39
33
20

43
38
28

65
59
39

82
83
68

42
45
49
246

34
30
33
189

39
42
44
257

30
30
29
169

38
34
35
268

21
23
22
190

21
23
22
302

15
14
14
236

Relative liver weight
(organ to body weight
ratio) (%)

2.4

2.2

2.6

2.3

2.8

2.5

3.0

3.2

Sinusoidal cell
pigmentation

0/4

2/4

0/4

0/4

0/4

2/4

3/4

3/3

Food consumption, wk 41.7
0-52
Platelets (103/µL)
Wk 13
Wk 26
Wk 52
RBC/ erythrocyte
count (106/µL), wk 52
Alkaline phosphatase
(u/l)
Wk 13
Wk 26
Wk 52
Alanine
aminotransferase,
Wk 13
Wk 26
Wk 52
Absolute liver weight#
(g)

* p < 0.05, ** p < 0.01, values statistically significantly different from control (two tailed Dunnett’s t-test). # liver +
gallbladder

DAR Conclusion
The study is accepted.
NOAEL = 25 mg/kg bw/d
LOAEL = 125 mg/kg bw/d (based upon ↓ body weight change, ↑clinical signs, ↑AP, ↑liver sinusoidal cell
pigmentation)
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As in the 90d-study, the effect of the compound on the sinusoidal liver pigmentation (haemosiderin accumulation)
was considered adverse.

RMS comments and conclusions
The study is considered acceptable. The study follows the OECD Test Guideline 409 (adopted 21st September
1998) and OECD No. 452 (1981), with exception of the following:
-

the list of organ weights did not include the epididymides, spleen and uterus.

Based on the previous evaluation in RAR, the NOAEL was set at 25 mg/kg bw/day. At 25 mg /kg bw/day (males)
and above (males and females), platelet levels were marginally increased, with a dose-dependent and a partly
time-dependent trend. This effect was also observed in an earlier 90d study, but the etiology remained unclear.
Another effect occuring from 25 mg/kg bw/day onwards (males, females), was a dose-dependent decreased
alanine aminotransferase activity. However, the toxicological significance of this effect was unexplained.
The NOAEL for the dog studies on benfluralin was discussed at the PRAPeR 33 (15 – 19 10.2007) meeting. The
RMS pointed out that an overall NOAEL was established at 25 mg/kg bw/d., based on the following evaluation:
”The effects mentioned at 25 mg/kg bw/d were relatively weak: AP activity increase was +54% control value but
absent at the top-dose in the ♀. Liver weight was only increased in the ♂, and at the limit (r.w.) or in the absence
(a.w.) of statistical significance. The increase of platelet level was also relatively weak (+23%), and not
statistically significant. Whereas an association with the slight anemia (top-dose) was not excluded, the
toxicological significance was unexplained. Finally, slight spleen pigmentation was observed at 25 mkd, but in the
absence of frank haematological lesions, it was considered an adaptive rather than a toxic effect.” The PRAPeR
33 (15 – 19 10.2007) meeting confirmed that the NOAEL for both dog studies should be of 25 mg/kg bw/d.

The conclusion from the previous evaluation in RAR (2006) has not been changed. NOAEL = 25 mg/kg bw/day.
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B.6.3.4

Other routes

B.6.3.4.1. Dermal studies

CA 5.3.3/01
Reference:

(1986) Subchronic (21-day) dermal toxicity study in New Zealand
White rabbits with technical benefin

Report No.:

, Report No. B02185

Guideline:

OECD TG No. 410 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Five rabbits/sex/dose (NZW) were exposed to benfluralin, at the dose levels of 0,
100, 325 or 1000 mg/kg bw during 6h/d for 21 days. The test article covered 10% of
the body surface for the mid- and the top-dose, but was not moistened to improve
skin contact. Stability analysis had been performed on other occasions.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.3%
Batch No.: 231-EF4

Results
Mortality:
One male at the lowest dose died with pneumonia on day 7 of treatment; histopathology revealed necrosis of the
thymic lymphocytes, and slight centrilobular hepatocyte fatty vacuolation. No other fatality occurred, and the
death of the single male was thus considered incidental.

Clinical signs:
Dermal irritation indices were calculated for the different treatment groups, and it appeared that a dose- and timerelated increase of dermal irritation was observed which was graded as follows:


100 mg/kg bw/d: slight progressing to severe erythema and edema



325 mg/kg bw/d: moderate progressing to severe erythema and slight progressing to severe edema



1000 mg/kg bw/d: slight progressing to severe erythema and moderate progressing to severe edema.

At termination, the area of involvement (but not severity) differed in relationship to the dose. In all treatment
groups (except controls), desquamation occurred within 5-20 days of treatment, casually followed by
epithelisation (without scar tissue or other indication of corrosive effects). The skin exhibited a coriaceous,
cracking and bleeding appearance in addition. In one low-dose and one mid-dose females, the progress to severe
edema (day 10-13) was characterised by the appearance of ‘masses’: areas of local severe edemateous lesions
within a zone of slight edema, which were considered as consecutive to the presence of non-uniformely dispersed
particulates over the treatment zone.
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Body weight, body weight gain, food consumption and food efficiency:
Throughout the treatment, body weights were decreased in the treated males, and the finding became marked (but
not statistically significant) at 325 mg/kg bw/d and above. In the females, body weights were unaffected. The
differences in body weight gain over the total treatment period was not dose-dependently altered in either sex.
Top-dose males showed a significant decrease of food consumption.

Ophthalmology:
There were no treatment-related ophthalmoscopic changes in any group.

Haematology:
There were spurious modifications in RBC parameters in the males dosed 325 mg/kg bw/d. (slight decreased Hb
and Hct values). However, the changes were not dose-related and unremarkable at the top-dose.
Platelets/thrombocytes were consistently increased in both males and females. In the females, this increase
amounted >20% at 325 mg/kg bw and above, and in the males, the increase was significant at the top-dose.
The leukocyte number was markedly increased in the females at the mid-dose (but less pronounced at the topdose). However, a dose-dependent trend was observed for the decrease of the lymphocyte and concomitant
increase in the neutrophil fraction. The increased eosinophil and basophil fraction was not confirmed at the topdose. In contrast, the increased basophil fraction in the males seemed to be dose-dependent. Although globally, the
modifications in WBC parameters showed no dose-effect relationship, they should be considered treatmentrelated, as they were probably a secondary response to the marked skin inflammation.

Clinical chemistry:
At the top-dose, slight but significant decreases of alkaline phosphatase activity was noted. Other parameter
changes were unremarkable.

Urinalysis:
Not performed.

Organ weights:
The observed decreases of kidney, liver, thyroids and adrenal weights in the top-dose males were considered to
reflect the body weight drops at necropsy time. No specific effect towards any organ was anticipated, as the
changes were not supported by histopathological findings. The increased thyroid (attached to parathyroid) weights
at the mid- and top-dose in the females were considered to be artefactual, as histopathological examination
revealed the presence of oesophagal and skeletal tissue, suggesting difficulties were encountered during separation
of the gland. On the other hand, no thyroid lesions were detected on histologic slides, indicating that a specific
thyrotropic effect was improbable.
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Gross pathology:
No organ abnormality were detected, demonstrating a systemic effect of test article application. The
macroscopically observed lesions, occurring in all dose groups, including controls (whole tissue lung alteration,
which was described histologically as slight to moderate congestion) or in singularity only at the mid-dose (liver
abcess) or at the top dose (females, salivary gland abcess/cyst) were not indicative of test article involvement.

Histopathology:
Histopathological examination of internal organs and tissues did not demonstrate the presence of treatment-related
lesions. As expected, skin thickening was reported at necropsy, which was histologically confirmed by the
presence of minimally to moderate acute dermatitis at the application site from the lowest dose on.
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Table B.6.3.4.1-01. Selected effects in male and female rabbits treated topically with benfluralin for 21 days (
1986)
Dose (mg/kg bw/10% body surface area)
0
M

100

325

1000

F

M

F

M

F

M

F

Terminal body weight (kg) 3.54

3.04

3.25

3.10

3.06*

2.96

2.88*

2.96

Food consumption (g)

284.2

256.4

293.3

276.8

273.6

257.0

248.8*

254.6

thrombocytes (x1000/µL)
WBC (x1000/ul)
lymphocytes (%)
neutrophils (%)
eosinophils (%)
basophils (%)

478
8.84
78.4
21.2
0
0.20

519
7.54
72.2
27.8
0.20
0.40

570
8.97
50
40.3
0.75
0.25

564
8.94
60.4
38.2
0.20
0.20

547
8.54
65.8
32.0
0.40
1.00

625
11.75*
50.2
45.4
2.20*
1.80*

658*
8.00
66.8
30.8
0.60
1.60*

733*
9.72
39.2*
58.0*
0.60
1.40

Alkaline phosphatase (u/l)

156.8

153.8

151.2

156.3

114

127

98.6*

119.4*

-

-

3/4
1/4

1/5
1/5
3/5

2/5
3/5

3/5
2/5

1/5
1/5
3/5

1/5
2/5
2/5

Hematology

Histopathology
(treated skin)
healing dermatitis, slight
acute dermatitis, minimal
acute dermatitis, slight
acute dermatitis, moderate

* p < 0.05, values statistically significantly different from control (two tailed Dunnett’s t-test).

DAR Conclusion
The study is accepted.
systemic NOAEL = 100 mg/kg bw/d
systemic LOAEL= 325 mg/kg bw/d (based on ↓food consumption and ↓ body weights)
local NOAEL <100 mg/kg bw/d
local LOAEL = 100 mg/kg bw/d (based upon ↑skin irritation in the treated skin at all doses)

RMS comments and conclusions
The study is acceptable and follows the OECD Test Guideline 410 (adopted May 12th 1981) in most aspects,
execpt from the following:
-

No record of dermal changes or any indication of when dermal assessments were completed relative to
time of bandage removal have been reported.
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-

The recommended treatment of 10% of the test animals’s body surface area, was able to be accomplished
only in the mid and high dose groups.

-

The test article was not moistened to improve skin contact.

Based on the previous evaluation in RAR, the systemic NOAEL was set at 100 mg/kg bw/day. At this dose, slight
(not statistically significant) decreases in body weight and alkaline phosphatase level, and increase in basofils, was
observed in male rabbits. Notably, these changes were part of a continous decreasing or increasing trend with
increasing dose.
The NOAEL for the dermal repeated dose studies on benfluralin on rabbits was discussed at the PRAPeR 33 (15 –
19 10.2007) meeting. The RMS pointed out that an overall NOAEL was established at 500 mg/kg bw/d., based on
the following evaluation: ” Body weights were dose-dependently reduced, and (rounded) absolute values in the
males were at 0, 100, 325 and 1000 mkd respectively: 3.5±0.3 (100%), 3.3±0.2 (-6%), 3.1±0.3 (-11%) and 2.9±0.2
(-17%). While no statistical significance was attained, a certain substance-related effect could not be excluded.
Therefore, the value of 100 mkd was considered the systemic NOAEL in this study. However, considering the lack
of liver effects in the second dermal study, a higher value was considered for the overall NOAEL (established at
500 mg/kg bw/d, based upon liver effects).” The PRAPeR 33 (15 – 19 10.2007) meeting confirmed a systemic
dermal NOAEL of 500 mg/kg bw/day.

With respect to the setting of a local NOAEL, RMS agrees with the previous evaluation in RAR that the local
NOAEL should be <100 mg/kg bw/day, as an increase in skin irritation was observed at all doses. Although the
findings of the present study may support a systemic dermal NOAEL of 100 mg/kg bw/day, RMS agrees with the
overall systemic dermal NOAEL of 500 mg/kg bw/day, when also taking the findings of the second repeated
application dermal study into account (

. 1993).

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The overall systemic NOAEL in the dermal studies in rabbits was discussed. All experts agreed that an overall
systemic NOAEL of 100 mg/kg bw per day can be set for the dermal toxicity studies in rabbit. Therefore, the
conclusion from the previous evaluation in RAR (2006) has been changed.

The conclusion from the previous evaluation in RAR (2006) has not been changed.
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CA 5.3.3/02
Reference:

(1993) Benefin: Probe and 21-day repeated dose
dermal toxicity study in New Zealand White rabbits

Report No.:

, Report No. DR-0097-3397-002

Guideline:

OECD No. 410 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Five rabbits/sex/dose (NZW) were exposed to Benfluralin, at the dose levels of 0,
100, 500 or 1000 mg/kg bw during 6h/d for 21 days (except weekends). The neat test
material was moistened with 1 mL distilled water per gram of test material, and
applied to the back of the rabbits under a gauze patch. Since the material was applied
in neat form, homogeneity, stability and concentration checks were not applicable. In
a range-finding study, 2 rabbits/sex/dose received a dermal application of 500 or
1000 mg/kg bw/d during 6h/d for 4 consecutive days. In this probe study, evaluation
was restricted to a visual inspection of the treated zone at termination.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95.8%
Batch No.: ACD13683

Results
Range-finding study
From application day 2 on, slight to well-defined erythema and moderate edema, evolving to moderate-severe
erythema to severe edema on day 3-4 was observed in most animals exposed to 500 mg/kg bw/day. At the topdose, all animals showed moderate-severe erythema and severe edema. Therefore, 1000 mg/kg bw/day was
considered the maximally tolerated dose. This choice was consistent with the results obtained in the previous
dermal toxicity study (

, 1986).

Main study
Mortality:
None

Clinical signs:
No relevant findings

Body weight, body weight gain, food consumption and food efficiency:
No relevant findings on body weight and body weight gain. Food consumption was not assessed.

Local irritation:
At termination, a dose-dependent increase of erythema, eschar, edema and scaling was observed from the lowest
dose on, in both the males and the females. It was of note that, at the low- and mid-dose dose, the scores after wk 2
(data not shown) were slightly higher than after wk 3. No animals showed fissuring, scabs (crusts) or necrosis.
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Ophthalmology:
There were no treatment-related ophthalmoscopic changes in any group.

Haematology:
The level of platelets was slightly increased in the top-dose males (1000 mg/kg bw/day). In the top-dose females,
the increase was marginal, and dose-response was not evident, as low-dose animals showed comparable increase
compared to controls. However, the finding was also observed in the previous study, and the effect was in line
with the marked skin inflammation.

Clinical chemistry:
The globulin level was slightly (+28%) increased (2.3 mg/dL) in the top-dose males. In the females, globulin
levels were high at each dose, but dose-response was lacking, and observed concentrations (2.0 mg/dL) were
within the range of historical control data (means ± s.d. males:2.4 ± 0.3 mg/dL; females: 2.3 ± 0.3 mg/dL). Other
modifications were also low, lacking dose-response, and within expected H.D. ranges, and were thus not
considered toxicologically significant.

Organ weights:
Statistically significant liver weight increases were observed in the liver weights at all doses. However, it was
unclear what the toxicological significance was of this finding in the females as dose-responsiveness was lacking,
and the magnitude of the weight difference with controls was rather low. The increase in the males at 500 mg/kg
bw/day was more consistent, and attained 10% at the top-dose.

Gross pathology:
As expected, at necropsy showed a dose-related increase of redness and swelling at all doses, and of scale
formation on treated skin at 50 mg/kg bw/day and above.
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Table B.6.3.4.1-02. Selected effects in male and female rabbits treated topically with benfluralin for 21 days (
1993)
Dose (mg/kg bw/day)
0
M

100
F

M

F

1
3

3
1

500
M

1000

F

M

F

2
3

1
4

1
4

5

1
4

5

5

3

2
2

2
1

1
4

↑7,1%

↑34%

↑26%

Irritation scoring on day 21
erythema/eschar
very slight
well-defined
moderate-severe
severe
edema
very slight
well-defined
moderate-severe
severe
scaling
slight
moderate-severe

3

Gross pathology (treated skin)
Erythema
Edema
Scaliness
M –males, F- females

3
1

Hematology
platelets (%)
Liver weight
Absolute (g)
Relative

2
3

↑21%

74.59
2.53

71.46
2.32

77.98 80.44 (↑13%) 80.38
2.63 2.60 (↑12%) 2.77

72.65
2.45

79.75
2.79

71.98
2.50

0
0
0

0
0
0

2
2
0

5
5
3

5
5
3

5
5
4

2
1
0

5
5
3

Histopathology:
The treatment-related lesions were predominantly in the treated skin. There was a dose-dependent inflammatory
response to benfluralin exposure, with subsequent regenerative lesions of the epidermis at all doses. At the highest
doses, necrosis, ulcers and supurative lesions occurred. Underlying tissues were also affected, as inflammation and
edema of the dermis, and sebaceous gland hyperplasia was observed at all doses.

The etiology of the liver necrosis (with accompanying inflammation) at 100 mg/kg bw/day and above was unclear,
as dosis-response was not evident. In the rat, liver was detected as the target organ, but lesions were mostly
restricted to hypertrophy (related to enzyme induction), without marked toxicity like necrosis and inflammation. It
was suggested by the notifier that liver lesions could casually be explained by a secondary reaction to septicemia
(as ulcers would constitute a route of entry to the blood stream) or else a spontaneous reaction, although the
former is less probable, in the absence of bacteria in the liver. In addition, it was stated that the distribution of
hepatocellular necrosis in the lobule was random, not suggesting a typical chemical-induced hepatotoxic pattern.
As a clear mode of action for the liver necrosis in the 2/5 top-dose males was lacking, it was considered an adverse
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systemic effect. Notably, in females, liver necrosis was detected at both 100 (1/5) and 500 (2/5) mg/kg bw/day, but
not at the top dose.

The lack of an evident dose-response of liver lesions is to a certain extent supported by historical control data
(HCD) on focal slight hepatocellular necrosis obtained from the Dow Chemical TERC laboratory in Midland,
USA, for the same animal strain in three studies conducted before and and five studies conducted after the
performance of

., 1993 study (Table B.6.3.4.1-04). Historical control data on multifocal slight

hepatocellular necrosis was not provided.

Table B.6.3.4.1-03. Histopathology in male and female rabbits treated topically with benfluralin for 21 days (
1993)
0
100
500
1000
Dose (mg/kg bw/day)

,

♂

♀

♂

♀

♂

♀

♂

♀

focal cell necrosis (subcapsular)
focal slight hepatocellular necrosis
multifocal slight hepatocellular necrosis
multifocal moderate hepatocellular necrosis
Skin (treated area)

0
0
0
0

0
1
0
0

0
0
0
0

0
0
1
0

1
1
0
0

0
0
1
1

0
0
2
0

0
0
0
0

epidermal multifocal parakeratosis
epidermal hyperkeratosis (multifocal/diffuse)
epidermal diffuse hyperplasia
very slight/slight
Moderate
Severe
epidermal multifocal necrosis
epidermal multifocal pustule
epidermal ulcer (focal/multifocal)
dermal edema
chronic active dermal inflammation
very slight/slight
moderate
severe
dermal edema
sebeceous gland hyperplasia

0
0
0
0
0
0
0
0
0
1
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
4
4
1
0
0
0
0
2
4
1
0
2
5

3
5
5
0
0
0
0
0
1
3
1
0
1
3

5
5
0
3
2
3
2
1
5
0
3
2
5
5

4
1
1
4
0
3
3
3
5
0
3
2
5
5

5
5
1
3
1
3
2
3
5
0
2
3
5
5

5
0
0
4
1
5
4
5
5
0
0
5
5
5

Liver

Table B.6.3.4.1-04. Historical control data on focal slight hepatocellular necrosis (incidence and %) in male and female
rabbits from Dow Chemical TERC laboratory in Midland, USA)
1994
1994
1995
1995
Year
1991
1991
1992
1994

Route

Dermal

Dermal

Dermal

Dermal

Dermal

Dermal

Dermal

♀

♂

♀

♂

♀

♂

♀

♂

♀

♂

♀

♂

♀

♂

♀

Incidence
0/5
0/5
%
0
0
* one male, very slight

0/5
0

0/5
0

0/5
0

1/4
25

0/5
0

0/5
0

0/5
0

0/5
0

0/5
0

1/5
20

0/5
0

0/5
0

0/5*
0

0/5
0

Sex

♂

Dermal

DAR Conclusion
The study is accepted.
systemic NOAEL = 500 mg/kg bw/d
systemic LOAEL= 1000 mg/kg bw/d (based on ↑liver weight and concomitant necrotic lesions in the ♂)
local NOAEL <100 mg/kg bw/d
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local LOAEL = 100 mg/kg bw/d (based upon ↑skin irritation in the treated skin at all doses)

RMS comments and conclusions
The study is acceptable and follows the OECD Test Guideline 410 (adopted May 12th 1981) with the following
deviations:
-

Food consumption was not measured since the rabbits consumed their entire ration of 4 ounces of food
each day during the study.

-

Dermal exposure in the current study was limited to three weeks of five dosing occasions/week – less
than the minimum exposure requirements of the guideline.

-

Dermal changes were assessed on a weekly rather than daily basis.

-

Animals were weighed prior to the first application and at study termination, not weekly.

Based on the previous evaluation in RAR, the systemic NOAEL was set at 500 mg/kg bw/day. Slight increases in
liver weights and blood platelet numbers were noted in females dosed 100 mg /kg bw/day. However, a doseresponse was not evident and there were no histological evidence for treatment induced hepatic lesions. With
respect to the setting of a local NOAEL, RMS agrees with the previous evaluation in RAR that the local NOAEL
should be <100 mg/kg bw/day, as an increase in skin irritation was observed at all doses.

In conclusion, RMS agrees with the NOAELS proposed during the previous evaluation (DAR, 2006) which are as
follows:
Systemic NOAEL = 500 mg/kg bw/day
Systemic LOAEL= 1000 mg/kg bw/day (based on increase in liver weight and concomitant necrotic
lesions in the males)
Local NOAEL= <100 mg/kg bw/day
Local LOAEL = 100 mg/kg bw/day (based on increase in skin irritation in the treated skin at all doses)

B.6.3.4.2. Inhalation studies
The vapour pressure of benfluralin is 1.73x10-³ Pa (<10-² Pa), and hence no short term studies have to be
performed by inhalation exposure.
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B.6.4

Genotoxicity

Summary
Table B.6.2-01 Summary of studies on genotoxicity

Type of test, solvent
S. typhimurium (LT-2 tester
strains G46, C3076, D3052,
TA98, TA100, TA1535,
TA1537 and TA1538) and
Escherichia coli strains
WP2 and WP2uvrAS. typhimurium (TA98,
TA100, TA1535, TA1537,
TA1538), plate
incorporation assay, 0 to
0.75 mg/plate, ± S9 ,
DMSO
S. typhimurium (TA98,
TA100, TA1535, TA1537,
TA1538) and E. coli
(WP2uvrA) , plate
incorporation and preincubation assay, 0 to
5 mg/plate, ± S9, DMSO
Benfluralin Technical,
Batch 2228: Bacterial
Reverse Assay. S.
typhimurium (TA98,
TA100, TA1535, TA1537
and TA102), plate
incorporation and preincubation assay, 0 to 5
mg/plate, ± S9, DMSO
Benfluralin Technical,
Batch 2614: Bacterial
Reverse Assay. S.
typhimurium (TA98,
TA100, TA1535, TA1537
and TA102), plate
incorporation and preincubation assay, 0 to 5
mg/plate, ± S9, DMSO
Lymphoma cells
L5178Y/TK+/-,
0-0.02 mg/mL (± S9) ,
DMSO

Result

Negative

Negative

In vitro
Purity (%)
EBNA
content
Batch No.

Acceptability

97.3
231EF4

Not acceptable

97.3
231EF4

Supplementary

References

RexroatM.A,(1985a)

RexroatM.A,(1985b)

96.7
650/01*

0.04
mg/kg

Acceptable

Negative

Negative

96.2
2228*

0.085
mg/kg

Acceptable

Negative

96.6
2614*

0.058
mg/kg

Acceptable

Negative

97.3
231EF4

Deparade (2002)

Acceptable

Lloyd, M. (2017a)

Lloyd, M. (2017b)

Bewsey (1985)
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Benfluralin Technical,
Batch 2228: In vitro
L5178Y Gene Mutation
assay at the hprt locus.
Lymphoma cells
L5178Y/tk+/-,
0-0.15 mg/mL (-S9), 0-0.2
mg/mL (+ S9), DMSO
Benfluralin Technical,
Batch 2614: In vitro
L5178Y Gene Mutation
assay at the hprt locus.
Lymphoma cells
L5178Y/tk+/-, 0-0.1 mg/mL
(- S9), 0-0.175 mg/mL
(+ S9), DMSO
CHO, Chromosome
aberration assay,
0-0.125 mg/mL, DMSO
Benfluralin Technical,
Batch 2228: In vitro Human
Lymphocyte Micronucleus
Assay. ♂Human
lymphocytes, 3h; 0-0.08
mg/mL (-S9), 0-0.14
mg/mL (+S9), 24h; 0-0.08
mg/mL, DMSO
Benfluralin Technical,
Batch 2614: In vitro Human
Lymphocyte Micronucleus
Assay. ♂Human
lymphocytes, 3h; 0-0.08
mg/mL (-S9), 0-0.14
mg/mL (+S9), 24h; 0-0.08
mg/mL, DMSO
Rat, hepatocytes (ex vivo),
UDS, 0-1 mg/mL, DMSO

Negative

96.2
2228*

Negative

96.6
2614*

Negative**

96.63
231EF4

Negative###

96.2
2228*

Negative

96.6
2614*

Negative

97.3
231EF4

0.085
mg/kg

Acceptable

0.058
mg/kg

Acceptable

Lloyd, M. (2017c)

Lloyd, M. (2017d)

Not acceptable

Koenig et al.
(1988)

0.085
mg/kg

Acceptable

Lloyd, M. (2017e)

0.058
mg/kg

Acceptable

Lloyd, M. (2017f)

Supplementary#

Hill (1985)

In vivo
♀Chinese Hamster, bone
marrow Sister Chromatid
Exchange test
(0-500 mg/kg bw)
Mouse, bone marrow
micronucleus,
2000 mg/kg bw
Benfluralin Technical,
Batch 2228: Rat Bone
Marrow Micronucleus
Assay
Benfluralin Technical,
Batch 2614: Rat Bone
Marrow Micronucleus
Assay

Supplementary #
Negative

97.3
231EF4

Equivocal***

95.8
ACD13683*

Negative****

96.2
2228*

Acceptable

(2017a)

Negative****

96.6
2614*

Acceptable

(2017b)

(1985)
Acceptable##
(2004)

*batches
with
a
lower
EBNA
content
than
the
approved
specification
(0.1
mg
/kg)
** a marked increase of polyploidy was observed at the highest doses
***in males, the mean value of micronucleated PCE in the treated group was outside the range of the mean values of the historical data,
suggesting a possible biological significant effect.
**** the mean MN PCE frequencies of the some groups treated with benfluralin were increased compared to vehicle control. To evaluate the
biological significance of the findings, the RMS considers that more information is needed about the HCD referred to (e.g. date of the study,
housing and environmental conditions, diet, vehicle).
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.# studies considered to provide supplementary information, as they are not included in the recommended test battery according to regulation
(EC) 283/2013.
## the study does not fully comply with the latest OECD guideline (TG 474, 2016) in at at least 4000 immature erythrocytes per animal should
be scored for the incidence of micronucleated immature erythrocytes,There was no reduction of the PCE:NCE ratio. It is argued that the bone
marrow should have been exposed as the substance is shown to be widely distributed in the toxicokinetic studies in the rats. It is however
questionable if this can be used as evidence for bone marrow exposure in the mouse bone marrow micronucleus test.
### the mean mutation frequency was outside the range of the mean values of the historical data in the presence of S9 at the highest
concentration tested.

In vitro studies:
Benfluralin was negative in three bacterial gene mutation studies. One of these studies is of a poor quality and
considered not acceptable. A second study is considered supplementary since only plate incorporation method was
used. A third study is acceptable, but it is to be noted that this study was conducted with a batch having a lower
content of EBNA (genotoxic impurity, 0.04 mg/kg) than the approved specification (0.1 mg /kg). The substance
did not induce gene mutation in vitro in the L5178Y mouse lymphoma cells. An unscheduled DNA synthesis test
in vitro in rat hepatocytes was negative, but the study is considered only to provide supplementary information as
it is not included in the recommended test battery according to regulation (EC) 283/2013. The in vitro
chromosome aberration assay in the CHO cells was also negative, but an increase of polyploid cells was observed
in the absence S9. This study is considered not acceptable due to significant deviations from the guidelines.

The genotoxicity studies have been updated with two studies on bacterial gene mutation, two studies on forward
gene mutation in vitro in the hprt locus in L5178Y mouse lymphoma cells and two in vitro human lymphocyte
micronucleus assays spring 2018 to support a new specification. The studies were conducted with two different
batches of benfluralin. The bacterial gene mutation studies were negative and are considered acceptable. One
study in the L5178Y mouse lymphoma cells is considered to be negative, while the other equivocal (Batch 2228)
since the mean mutation frequency (MF) value (10.04 MF) increased above the historical control data (1.29-9.08
MF) in the presence of S9 with the highest concentration tested (200 µg/mL). Both studies are acceptable. The in
vitro human lymphocyte micronucleus studies were negative, but one single increase in micronucleated binucleate
cells (MNBN) in one of the studies was observed in the absence of S9 at the highest concentration analysed. The
mean duplicate MNBN cell frequency at this concentration was, however, within the historical control range. The
two studies are considered acceptable. It should be noted that the two batches used in the recently submitted
studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved specification (0.1 mg /kg).

In vivo studies:
Benfluralin did not induce sister chromatid exchange in Chinese hamster bone marrow, but the study has some
deviations from the guideline and is not included in the recommended test battery according to regulation (EC)
283/2013. In a mouse bone marrow micronucleus test, the mean value of micronucleated PCE was slightly high
(due to 5/6 animals exhibiting 2.5-3.5‰ MNPC) at 24 h sampling, but the effect did not attain statistical
significance. These values were within the range of historical control data. However the mean value of the treated
group (2.6 ‰ MNPC) was outside the range of the mean values of the historical data (0.3-2.2 ‰ MNPC). There
was no reduction of the PCE:NCE ratio. It is argued that the bone marrow should have been exposed as the
substance is shown to be widely distributed in the ADME studies in the rats. It is however questionable if this can
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be used as evidence for bone marrow exposure in the mouse bone marrow micronucleus test since no ADME
studies on the mouse are available. It should be noted that the study does not fully comply with the latest OECD
guideline (TG 474, 2016) in at at least 4000 immature erythrocytes per animal should be scored for the incidence
of micronucleated immature erythrocytes. It is also to be noted that the mouse micronucleus study was conducted
with a batch having a lower content of EBNA genotoxic impurity (0.04 mg/kg) than the current specification (0.1
mg/kg). Two new studies were conducted to support a new specification. In the first study (Batch 2228) the mean
MN PCE frequencies of the groups treated with benfluralin were increased compared to vehicle control. The
increases were statistically significant (P≤0.05) at 500 and 2000 mg/kg bw/day. The study author considers that
the statistical significance at 500 and 2000 mg/kg bw/day was of no biological relevance as all individual animal
and group mean micronucleus frequencies fell within the laboratory's historical vehicle control 95% reference
range, and there was no evidence of a dose-related effect. To evaluate the biological significance of the findings,
the RMS considers that more information is needed about the HCD referred to (e.g. date of the study, housing and
environmental conditions, diet, vehicle). Information about how the 95% CI of the HCD was calculated. Due to
the lack of this information RMS considers the study results as equivocal. In the second study (Batch 2614) there
was no statistical increase the mean MN PCE frequencies. However the mean MN PCE frequency was higher at
high dose when compared with the concurrent control. To evaluate the biological significance of the findings, the
RMS considers that more information is needed about the HCD referred to (e.g. date of the study, housing and
environmental conditions, diet, vehicle). Information about how the 95% CI of the HCD was calculated. Due to
the lack of this information RMS considers the study results as equivocal. It should be noted that the two batches
used in the recently submitted studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved
specification (0.1 mg /kg).

Conclusion:
Benfluralin was negative in studies investigating gene mutations in vitro in bacteria and in mammalian cells. The
in vitro chromosomal aberration study was negative, but is considered not acceptable due to significant deviations
from the guidelines. Aberration study was negative, but is considered not acceptable due to significant deviations
from the guidelines. The recently submitted in vitro genotoxicity studies were clearly negative except for the in
vitro gene mutation assay at the hprt locus (Lloyd M, 2017c) tested with the highest specification of EBNA (Batch
2228, 0.085 mg/kg). RMS considers the result to be equivocal as the mean mutation frequency at the highest
concentration tested (200 µg/ml) in the presence of S9, was not within the distribution of the historical negative
control data. The result is difficult to interpret due to the observed precipitation at this concentration and the study
should have been repeated to demonstrate a clearly negative result and to exclude biological relevance. At the
PPR-meeting, however, it was noticed that for the in vitro L5178Y Gene Mutation Assay at the hprt locus in the
OECD 476 it is stated that positive effects observed in the presence of precipitation could be artefactual, therefore
it could be considered negative.
The single increase in MNBN cells at the highest concentration analysed (70 µg/mL) in the absebce of S9 in one
of the in vitro human lymphocyte micronucleus study (Lloyd M, 2017e) is considered acceptable as the mean
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value at this concentration fell within the historical vehicle range. The new submitted gene mutation studies
considered acceptable have not been conducted with the approved specification of EBNA at 0.1 mg/kg.
In the in vivo mouse bone marrow micronucleus study, in males, the mean value of micronucleated PCE was
slightly high (due to 5/6 animals exhibiting 2.5-3.5‰ MNPC) at 24 h sampling, but the effect did not attain
statistical significance. These values were within the range of historical control data. However the mean value of
the treated group (2.6 ‰ MNPC) was outside the range of the mean values of the historical data (0.3-2.2 ‰
MNPC), suggesting a possible biological significant effect. There was no reduction of the PCE:NCE ratio. It is
argued that the bone marrow should have been exposed as the substance is shown to be widely distributed in the
ADME studies in the rats. It is however questionable if this can be used as evidence for bone marrow exposure in
the mouse bone marrow micronucleus test since no ADME studies on the mouse are available. It should be noted
that the study do not fully comply with the latest OECD guideline (TG 474, 2016) in at at least 4000 immature
erythrocytes per animal should be scored for the incidence of micronucleated immature erythrocytes. Two new
studies were conducted according to OECD guideline ( TG 474, 2016) to support a new specificartion. In the first
study (Batch 2228) (

2017a) the mean MN PCE frequencies of the groups treated with benfluralin

were increased compared to vehicle control. The increases were statistically significant (P≤0.05) at 500 and 2000
mg/kg bw/day. The study authors consider that the statistical significance at 500 and 2000 mg/kg bw/day is of no
biological relevance as all individual animal and group mean micronucleus frequencies fell within the laboratory's
historical vehicle control 95% reference range and there was no evidence of a dose-related effect. Due to the lack
of information regarding the HCD referred to, the RMS do not agree with the study authors and considers the
study results as equivocal. In the second study (Batch 2614) (

2017b) there was no statistical

increase the mean MN PCE frequencies. However the mean MN PCE frequency was higher at high dose when
compared with the concurrent control. Due to the lack of information regarding the HCD referred to, the RMS do
not agree with the study authors and considers the study results as equivocal. It should be noted that the two
batches used in the recently submitted studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the
approved specification (0.1 mg /kg).

Regarding the bone marrow exposure, all experts at the PPR-meeting agreed that available information supported
the exposure of the bone marrow (ADME data show benfluralin is present in blood and bone marrow is a highly
perfused tissue). Regarding the result of the studies, the majority of the experts agreed to consider the in vivo
studies conducted with Batch 2228 and Batch 2614 negative.

It is to be noted that two key studies, the in vivo mouse bone marrow micronucleus study (

, 2004)

and the more recent Ames study (Deparade , 2002) were conducted with batches of lower content of the genotoxic
impurity EBNA (0.04 mg/kg and < 0.03 mg/kg respectivly) than the current specification (0.1 mg /kg). Overall it
can be concluded that it is not clearly demonstrated that benfluralin (with the current specification of 0.1 mg
EBNA/kg) is devoid of genotoxic potential.
As the in vitro chromosome aberration study is considered not acceptable and the in vivo mouse bone marrow
micronucleus study is not clearly negative, a data gap for clastogenic properties of benfluralin is identified.
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Two Ames studies and two MLA studies were conducted on two different technical batches of benfluralin. They
were acceptable and negative except for one MLA which RMS considers to be equivocal. Two acceptable MNvit
studies were conducted on two different batches to support the new specification and were negative. The data gap
for clastogenic properties in vitro is considered fulfilled. However, two new in vivo bone marrow micronucleus
have been conducted with equivocal results. The RMS is therefore still of the opinion that it is not clearly
demonstrated that benfluralin is devoid of genotoxic potential. It should be noted that the two batches used in the
recently submitted studies had lower content of EBNA (0.058 and 0.085 mg/kg) than the approved specification
(0.1 mg /kg).

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
During the PPR-meeting, the majority of the experts considered all genotoxicity studies conducted with Batch
2228 and Batch 2614 negative. Overall, it was therefore concluded that benfluralin is unlikely to be genotoxic and
is devoid of genotoxic potential. Considering that the impurity EBNA is genotoxic, the experts agreed that the
technical specification should be revised and limited to a level of 0.085 mg/kg for the impurity EBNA.
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B.6.4.1

In vitro studies

B.6.4.1.1 In vitro genotoxicity testing in bacterial cells

CA 5.4.1/01
Reference:

Rexroat, M.A. (1985a) The effect of benefin (EL-110, compound 54521) on the
induction of bacterial mutation using a modification of the Ames test

Report No.:

Lilly Research Laboratories, Report No. 850610GPA2598

Guideline:

Not stated.

GLP:

Yes

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

The mutagenic potential of benfluralin was evaluated in a modified Ames test. The
test was conducted in the presence and absence of metabolic activation (S9), using S.
typhimurium (LT-2 tester strains G46, C3076, D3052, TA98, TA100, TA1535,
TA1537 and TA1538) and Escherichia coli strains WP2 and WP2uvrA-. Gradient
plates were prepared to provide benfluralin concentration ranges of approximately
1000 to 100 μg/mL; 100 to 10 μg/mL; 10 to 1 μg /mL and 1 to 0.1 μg/mL. Metabolic
activation was achieved by overlaying the gradient plate with a thin agar layer
containing S9 and appropriate co-factors. The ten tester strains were streaked across
the gradient plate which was then inverted and incubated at 48 hours at 37°C.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.3%
Batch No.: 231EF4

Results
Benfluralin produced neither bacterial growth inhibition nor any mutations, in any of the tester strains, either in
the presence or absence of S9 metabolic activation over the concentration range of 0.1to1000 μg/mL. The positive
controls produced a dose-related increase of colonies in all but 3 strains (MNNG ,–S9: TA1537, D3052 and
TA98), and in all but 4 strains (2-AA, +S9: G46, C3076, WP2 and WPuvrA-).

RMS comments and conclusions
The study is considered not acceptable since some strains did not respond to the positive controls.
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CA 5.4.1/02
Reference:

Rexroat, M.A. (1985b) The effect of benefin (EL-110, compound 54521) on the
induction of reverse mutations in Salmonella typhimurium using the Ames test

Report No.:

Lilly Research Laboratories, Report No. 850624AMS25898 and 850708AMS2598

Guideline:

Not stated.

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

Overnight grown bacteria from the strains of S. typhimurium TA98, TA100,
TA1535, TA1537 and TA1538 were treated at 37°C during 48h in the presence of
Benfluralin (purity 97.3%; B.n° 231EF4) dissolved in Dimethylsulphoxide
(DMSO) at and 01,2; 252; 502; 62.51; 1002; 1251; 2002; 2501; 3002; 5001 and 7501
µg/plate (–S91 and +S92). The test solutions were not checked analytically. Postmitochondrial supernatant was obtained from Aroclor 1254-induced ♂ Fischer
344-rat, and used for preparation of metabolic activation mixture (25% S9 v:v).
Positive controls were obtained by treating with appropriate reference mutagens as
a function of strain and exogeneous activation [–S9-mix: N-methyl-N’-nitro-Nnitrosoguanidine for TA1535 and TA100 (MNNG, 2.5 and 5 µg/pl); 2-nitrofluorene
(2-NF, 0.5 and 5 µg/pl for TA1538 and TA98); 9-aminoacridine for TA1537 (9-AA,
50 and 100 µg/pl); +S9-mix: 2-Aminoanthracene (2-AA, 1.25 and 2.5 µg/pl for all
strains]. Testplates (n=3) were checked for background lawn and presence of
precipitations. Negative controls were obtained by treating with the vehicle.
A preliminary toxicity test and a precipitation test was conducted respectively in the
presence and in the absence of strain TA100 at the dose of 50; 100; 500; 1000; 2000;
3000; 4000 and 5000 µg/plate in duplicate. Criterium for determining positive
response: if a dose-related, increase in incidence of revertants (2-fold of higher) was
observed for at least to successive concentrations..

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.3%
Batch No.: 231EF4

Results
In the preliminary cytotoxicity test, benfluralin was not found to be cytotoxic to TA100 at concentrations up to
5000 µg/plate. However, some chemical precipitate was found at concentrations in excess of 100 μg/plate (nonactivated test) or 50 μg/plate (activated test), confounding colony counting and compromising a definitive
assessment of toxicity. In the preliminary precipitation test, significant amounts of precipitate were present at
concentrations in excess of 500 μg/plate in the non-activated test and in excess of 100 μg/plate in the activated
test. Benfluralin concentrations of 62.5, 125, 250, 500 and 750 µg/plate were selected for the test completed in the
absence of S9 and concentrations of 25, 50, 100, 200 and 300 μg/plate for use in presence the of S9 mix.
No significant increases in the frequency of revertant colonies were recorded for any of the bacterial strains, at any
dose levels of benfluralin, either with or without metabolic activation. The results are presented in table B.6.4.1.11.
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Table B.6.4.1.1-1 Benfluralin induction of bacterial mutation using the Ames test
Treatment
Revertant colony counts (mean ±S.D.) for the tester strains
Without S9
μg/plate
TA1535
TA1537
TA1538
TA98
TA100
750
27a
6a
17a
27a
170b
Benfluralin
500
26a
8a
15a
21a
162b
250
30a
5a
14a
21a
171b
125
34a
6a
15a
22a
170b
62.5
23
8
17
26
194
0.05 mL
26
11
19
22
170
DMSO
0.05 mL
29
9
19
23
165
MNNG
5
1345
---2636
MNG
2.5
629
---1372
9AmAc
100
-932
---9AmAc
50
-59
---2NF
5
--190
800
-2NF
0.5
--37
105
-With S9
μg/plate
TA1535
TA1537
TA1538
TA98
TA100
Benfluralin
300
22a
9a
30a
46a
175b
a
200
23a
10
22a
48
174
100
17
12
22
47
166
50
17
9
27
42
151
25
16
9
24
43
139
DMSO
0.05 mL
17
10
22
50
122
0.05 mL
20
8
26
49
117
2AA
2.5
198
375
1716
2618
2289
2AA
1.25
174
274
712
1751
1734
a Value determined by hand counting due to presence of chemical precipitate.
b Machine adjusted to count colonies due to chemical precipitate on plates.

DAR conclusion (2006)
Benfluralin is not mutagenic in these experimental conditions.

Guidelines:

Protocol partly in compliance with test method B.13/14 of directive 2000/32/EEC

Deviation from protocol: the study results were not confirmed in an independent second assay.

RMS comments and conclusions
Benfluralin was non-mutagenic under the experimental condition of this test. The design of the study do not
comply with the more recent recommendations (OECD, 1997) in that no strains that detect mutation at AT-riches
sites (TA102 or E. coli WP2uvrA) were included, and the results were not confirmed in independent experiment.
Although the guidelines allow for the selection of one of the method or other, it is common practice to confirm the
results in independent experiment using the alternative methodology. The bacterial strains were not checked for
phenotypic characteristics as recommended in the guideline. The results of the negative controls were not
compared to the laboratory historical control data. However the positive controls induced marked increase in the
frequency of revertants confirming the activity of the S9-mix and the sensitivity of the bacterial strains. The study
is considered supplementary.
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CA 5.4.1/03
Reference:

Deparade, E. (2002) Benfluralin Technical: Salmonella typhimurium and
Escherichia coli reverse mutation assay

Report No.:

RCC Ltd, Report No. 842142 and 730900

Guideline:

OECD 471

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Three independent experiments were conducted (one range-finding and two main
tests). Overnight grown bacteria from the characterized strains of S. typhimurium
TA98, TA100, TA1535 and TA1537 or E. coli WP2uvrA- were treated with
Benfluralin (96.7%; B.n.° 650/01) dissolved in Dimethylsulphoxide (DMSO) in the
presence or in the absence of metabolic activation mixture.
In the first main experiment Benfluralin was tested with the plate incorporation assay
(S9-mix). In the second main experiment, Benfluralin wasd tested in the plate
incorporation assay (–S9) and in the pre-incubation assay (+S9, pre-incubated at
37°C during 30').
The final concentrations of Benfluralin (in µg/plate) were 0; 20.6; 61.8; 185.2; 555.6;
1666.7; 5000 (range-finding) and 0; 313; 625; 1250; 2500 and 5000 S9 mix. The test
solutions were not checked analytically. Post-mitochondrial supernatant was
obtained from Aroclor 1254-induced HanBrl: WIST SPF ♂ rat, and used for
preparation of metabolic activation mixture (10% S9 v:v).
Positive controls were obtained by treating with appropriate reference mutagens as a
function of strain and exogeneous activation [+S9-mix: Cyclophosphamide for S.
typhimurium TA1535 (CP, 200 µg/pl) and 2-Aminoanthracene (2-AA) for S.
typhimurium TA100, TA98 and TA1537 (1.5 µg/pl) or E. coli WP2 (20 µg/pl); –S9
mix: Sodium Azide (NaN3) for TA1535 and TA100 (2 µg/pl); 2-Nitrofluorene for
TA98 (2-NF, 5 µg/pl); 9-Aminoacridine for TA1537 (9-AA, 80 µg/pl), and 4nitroquinoline 1-oxide for WP2 (4NQO, 2 µg/pl)]. Testplates (n=1 in range-finder,
n=3 in main experiments) were checked for background lawn and presence of
precipitations. Negative controls were obtained by treating with the vehicle.
Spontaneous revertance was evaluated with regard of acceptance criteria on basis of
in-house historical controls. Criterium for determining positive response: if a
reproducible and dose-related increase (2 for TA98, TA100 or WP2; 3 for TA1535
or TA1537) of revertants was observed.
benfluralin (referred to in report as ‘benefin’)
Purity: 96.7%
Batch No: 650/0

Test material:

Results
The range finding study indicated dose concentrations up to 5000 μg/plate were not toxic to the tester strains. No
significant increases in the frequency of revertant colonies were recorded for any of the bacterial strains, at any
dose levels of benfluralin, either with or without metabolic activation. The positive controls induced in increased
incidence of revertant colonies indicative of mutagenicity. The results of the study are presented in table B.6.4.1.12.
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Table B.6.4.1.1-2 Benfluralin: mean colony counts in two replicate tests with or without S9 activation
S. typhimurium/E.coli strain - Mean colony counts
μg/plate
TA100
TA1535
WP2 uvrA
TA98
Experiment 1 with S9
DMSO
116
29
40
28
313
122
15
35
26
625
128
19
36
24
Benfluralin
1250
114
19
31
27
2500
129
21
36
30
5000
120
20
32
35
2-A-anthracene
1.5
1690
--1483
2-A-anthracene
20
--963
-CPA
200
-205
--Experiment 1 without S9
DMSO
111
18
31
26
313
119
23
41
20
625
126
19
33
23
1250
129
23
36
18
Benfluralin
2500
134
19
41
26
5000
132
19
32
24
2-Nitrofluorene
5
---196
4-Nitroquinoline
2
--342
-9-A-acridine
80
----Sodium azide
2
721
520
--Experiment 2 with S9
DMSO
101
19
38
27
313
87
18
41
31
625
92
24
49
29
Benfluralin
1250
88
19
45
26
2500
71
16
47
35
5000
83
23
46
35
2-A-anthracene
1.5
1575
--1167
2-A-anthracene
20
--544
-CPA
200
-513
--Experiment 2 without S9
DMSO
130
17
50
34
313
124
16
46
30
625
146
20
46
30
1250
138
19
42
33
Benfluralin
2500
136
18
50
28
5000
141
24
52
32
2-Nitrofluorene
5
---144
4-Nitroquinoline
2
--418
-9-A-acridine
80
----Sodium azide
2
827
546
---

DAR conclusion
Benfluralin is not mutagenic in these experimental conditions.

Guidelines:

Protocol in compliance with test method B.13/14 of directive 2000/32/EEC

GLP status:

The study is GLP

TA1537
22
18
20
23
20
25
415
--17
14
11
17
20
20
--691
-13
16
12
16
16
17
237
--12
10
15
15
13
11
--797
--
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RMS comments and conclusions
Benfluralin was non-mutagenic under the experimental conditions of this study. The study is acceptable. It is to be
noted that this study was conducted with a batch having a lower content of EBNA (genotoxic impurity, 0.04
mg/kg) than the approved specification (0.1 mg /kg).

CA 5.4.1/07

Report No.:

Lloyd, M. (2017a) Benfluralin Technical: Batch 2228: Bacterial Reverse
Mutation Assay
Covance Study Number 8367644

Guideline:

OECD 471

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted to support a new specification

Material and methods:

Two separate experiments were conducted using five histidine-requiring strains of
S. typhimurium (TA98, TA100, TA1535, TA1537 and TA102). Overnight grown
bacteria (108 to 109 cells/mL) were treated with Benfluralin (96.2% w/w)
dissolved in Dimethylsulphoxide (DMSO), in the absence and in the presence of a
metabolic activation system (S9) for test article, DMSO vehicle and positive
controls.
In Experiment 1, Benfluralin was tested at concentrations 0; 5; 16; 160; 500;
1600; and 5000 µg/plate with the plate incorporation assay (±S9) using 0.1 mL
volume additions of test article solution. In the pre-incubation assay, Experiment
2, the final concentrations of Benfluralin (µg/plate) were (selected on basis of
solubility limitations from Exp. 1) 0; 10.24; 25.6; 64; 160; 400; 1000; 2500 (±S9,
pre-incubated for 20 min at 37°C) using 0.05 mL volume additions. Achieved
solution concentration was not analysed. Calculations of all test article
concentrations include a correction for purity using a factor of 1.04. Postmitochondrial fraction (S9) was prepared from Sprague Dawley ♂ rat induced
with Aroclor 1254 and used for preparation of metabolic activation mixture.
Evaluation of strains characteristics confirmed histidine dependence, rfa character,
uvrB character and resistance to ampicillin or ampicillin plus tetracycline for all
strains.
Positive controls were obtained by treating with suitable reference mutagens
based on the strain used and exogenous activation [+S9-mix: Benzo[a]pyrene for
S. typhimurium TA98 (B[a]P, 10 µg/pl) and 2-Aminoanthracene (AAN) for S.
typhimurium TA100, TA1535, TA1537 (5 µg/pl) or TA102 (20 µg/pl); -S9 mix:
2-Nitrofluorene (2NF) for TA98 (5 µg/pl); Sodium azide (NaN 3) for TA100 and
TA1535 (2 µg/pl); 9-Aminoacridine for TA1537 (AAC, 50 µg/pl) and Mitomycin
for TA102 (MMC, 0.2 µg/pl)]. Test plates (n=3 in Experiment 1 and 2) were
checked for background lawn. Presence of precipitation occurred on the test plates
at concentrations 1600 and 5000 µg/plate (±S9) in Experiment 1 and at 2500
µg/plate in Experiment 2 (±S9). Negative controls comprised treatments with the
vehicle. Spontaneous revertance was evaluated with regard of acceptance criteria
according to the laboratory’s historical control range. Positive response was
determined on following evaluation criteria: observation of a reproducible and
concentration related increase (≥1.5 for TA102; ≥2 for TA98 or TA100; ≥3 for
TA1535 or TA1537) in revertant numbers.
Benfluralin
Purity: 96.2%
Batch No: 2228

Reference:

Test material:
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Results
Benfluralin tested in seven concentrations up to 5000 µg/plate in the plate incorporation assay and up to 2500
µg/plate in the pre-incubation assay, showed no signs of toxicity to the tester strains. There were no significant
increases in the number of revertant colonies for any of the bacterial strains with Benfluralin at any dose, either
with or without metabolic activation. Presence of precipitation at concentrations 1600, 2500 and 5000 µg/plate in
the assays was neither toxic nor induced mutation in the strains. A single vehicle control revertant counts in the
absence and presence of metabolic activation in strain TA102 (plate incorporation assay) fell above the historical
control range, while the mean plate counts fell within the historical range. The positive controls caused expected
increase of revertant colonies indicative of mutagenicity. The results of the study are presented in tables B.6.4.1.13 to 6.
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Table B.6.4.1.1-3 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 1, -S-9
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Table B.6.4.1.1-4 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 1, +S-9
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Table B.6.4.1.1-5 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 2, -S-9
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Table B.6.4.1.1-6 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 2, +S-9
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RMS comments and conclusions
Benfluralin was non-mutagenic under the experimental conditions of this study. The study is acceptable. The data
were considered acceptable for the single vehicle control revertant counts, which fell slightly outside the historical
range. It is to be noted that this study was conducted with a batch having a lower content of EBNA (genotoxic
impurity, 0.085 mg/kg) than the approved specification (0.1 mg /kg).

CA 5.4.1/08

Report No.:

Lloyd, M. (2017b) Benfluralin Technical: Batch 2614: Bacterial Reverse
Mutation Assay
Covance Study Number 8367647

Guideline:

OECD 471

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted to support a new specification

Material and methods:

Two separate experiments were conducted using five strains of S. typhimurium
(TA98, TA100, TA1535, TA1537 and TA102). Overnight grown bacteria (10 8 to
109 cells/mL) were treated with Benfluralin (96.6% w/w) dissolved in
Dimethylsulphoxide (DMSO), in the absence and in the presence of a metabolic
activation system (S9) for test article, DMSO vehicle and positive controls.
In Experiment 1, Benfluralin was tested at concentrations 0; 5; 16; 160; 500;
1600; and 5000 µg/plate with the plate incorporation assay (±S9) using 0.1 mL
volume additions of test article solution. The plates were incubated for 5 days. In
the pre-incubation assay, Experiment 2, the final concentrations of Benfluralin
(µg/plate) were (selected on basis of solubility limitations from Exp. 1) 0; 10.24;
25.6; 64; 160; 400; 1000; 2500 (±S9, pre-incubated for 20 min at 37°C) using 0.05
mL volume additions. Achieved solution concentration was not analysed.
Calculations of all test article concentrations include a correction for purity using
a factor of 1.04. Post-mitochondrial fraction (S9) was prepared from Sprague
Dawley ♂ rat induced with Aroclor 1254 and used for preparation of metabolic
activation mixture. Evaluation of strains characteristics confirmed histidine
dependence, rfa character, uvrB character and resistance to ampicillin or
ampicillin plus tetracycline for all strains.
Positive controls were obtained by treating with suitable reference mutagens
based on the strain used and exogenous activation [+S9-mix: Benzo[a]pyrene for
S. typhimurium TA98 (B[a]P, 10 µg/pl) and 2-Aminoanthracene (AAN) for S.
typhimurium TA100, TA1535, TA1537 (5 µg/pl) or TA102 (20 µg/pl); -S9 mix:
2-Nitrofluorene (2NF) for TA98 (5 µg/pl); Sodium azide (NaN 3) for TA100 and
TA1535 (2 µg/pl); 9-Aminoacridine for TA1537 (AAC, 50 µg/pl) and Mitomycin
for TA102 (MMC, 0.2 µg/pl)]. Testplates (n=3 in Experiment 1 and 2) were
checked for background lawn. Presence of precipitation occurred on the test plates
at concentrations 1600 and 5000 µg/plate (±S9) in Experiment 1, and at 1000 and
2500 µg/plate in Experiment 2 (±S9). Negative controls comprised treatments
with the vehicle. Spontaneous revertance was evaluated with regard of acceptance
criteria according to the laboratory’s historical control range. Positive response
was determined on following evaluation criteria: observation of a reproducible
and concentration related increase (≥1.5 for TA102; ≥2 for TA98 or TA100; ≥3
for TA1535 or TA1537) in revertant numbers.
Benfluralin
Purity: 96.6%
Batch No: 2614

Reference:

Test material:
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Results
The two range finding studies with dose concentrations up to 5000 µg/plate and 2500 µg/plate indicated no
toxicity to the tester strains. Benfluralin did not cause significant increases in the number of revertant colonies for
any of the bacterial strains at any dose, either with or without metabolic activation. There were two exceptions
where single vehicle control revertant plate counts fell slightly outside the historical range (in strain TA100 in the
absence of metabolic activation in the plate incorporation assay and in strain TA98 in the presence of metabolic
activation in the pre-incubation assay). The mean plate counts fell within the historical range. Presence of
precipitation on the test plates at concentrations 1600 and 5000 µg/plate in the plate incorporation assay, and at
concentrations 1000 and 2500 µg/plate in the pre-incubation assay did not indicate mutagenicity and toxicity. The
positive controls caused expected increase incidence of revertant colonies indicative of mutagenicity. The results
of the study are presented in tables B.6.4.1.1-7 to 10.
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Table B.6.4.1.1-7 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 1, -S9

RMS: NO
Co-RMS: NL

- 109 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table B.6.4.1.1-8 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 1, +S9
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Table B.6.4.1.1-9 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 2, -S9
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Table B.6.4.1.1-10 Raw Plate Counts and Calculated Mutagenicity Data, Experiment 2, +S9
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RMS comments and conclusions
Benfluralin was non-mutagenic under the experimental conditions of this study. There was one protocol deviation
(plates were incubated for 5 days in the plate incorporation assay), which did not affect the validity of the study.
The data were considered acceptable for the single vehicle control revertant counts, which fell slightly outside the
historical range. The study is acceptable. It is to be noted that this study was conducted with a batch having a
lower content of EBNA (genotoxic impurity, 0.058 mg/kg) than the approved specification for benfluralin (0.1 mg
/kg).
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B.6.4.1.2 In vitro genotoxicity testing in mammalian cells
CA 5.4.1/05
Reference:

Bewsey, J. (1985) The effect of benefin (EL-110, compound 054521) on the
induction of forward mutation at the thymidine kinase locus of L5178Y mouse
lymphoma cells

Report No.:

Lilly Research Laboratories, Report No. 850612MLA2598 and 850724MLA2598

Guideline:

Not stated.

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Test material:

Two experiments were set up (cytotoxicity and one mutagenicity). Mouse
lymphoma cells (L5178Y TK+/-) were incubated in RPMI (106cells/mL), in the
presence of Benfluralin, dissolved in DMSO during 4h, in duplicate cultures, at
dose-levels of 0; 1; 10; 25; 50; 100; 250; 500 and 1000 µg/mL (preliminary
cytotoxicity test), and at 0; 0.5+; 1+; 5–; 10; 15–; 20; 25–, 30–; 35–; 40±; 60+; 80+ and
100+ (exponent means ±S9). The dosage was not checked analytically. Possible
changes of osmolality or pH were not checked. Post-mitochondrial supernatant was
obtained from Aroclor 1254-induced Fischer ♂ rat. Positive control was obtained
by treating with 620 µg/mL Ethylmethane sulphonate (EMS, –S9) or with 2 µg/mL
3-Methylcholantrene (3-MC, +S9). Negative control was obtained by treating with
the vehicle (DMSO, 1%). Cells (3105/mL) were grown for 48h after treatment, in
order to express induced mutants (TK-/-), which were subsequently selected in
medium containing 3 µg/mL 5-trifluorothymidine (TFT) during 10-12d (6105
cells/plate), while viability was assessed in medium without the selective agent (100
cells/plate). Large (λTK-/-) and small (TK-/-) colonies were assessed for positive
and negative controls. Mutant frequency (M.F., determined on triplicate/culture)
was expressed as a function of relative cell survival (taking into account initial
suspension growth and cloning efficiency). Criterium for determining positive
response: if a dose-related increase (2 or higher) in MF was observed (in cultures
with 10% survival). The study is accepted.
benfluralin (referred to in report as ‘benefin’)
Purity: 97.3%
Batch No.: Batch No: 231EF4

Results
In the preliminary investigations, benfluralin was found to be cytotoxic at concentrations of 50 μg/mL or higher in
the non-activated test and at concentrations of 250 μg/mL or higher in the activated test. In the non-activated test
there was no increase in the mutation frequency (MF) compared to controls. In the activated test an increase in the
mutation frequency was seen at 10 and 20 ug/ml. However the increase did not reach the laboratory’s acceptance
criteria for a positive response (dose-related increase (2x or higher) in MF was observed in cultures with ≥10%
survival). The results of the study are summarized in the table B.6.4.1.2-1.
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Table B.6.4.1.2-1 Summary of mutation frequency at TK+/- locus in L5178Y mouse lymphoma cells dosed with
benfluralin
Without S9
With S9
Treatment/
Total
Total
concentration
Mutation
Mutation
Mutation
Mutation
survival
survival
(µg/mL)
Frequencyb
Indexc
Frequencyb
Indexc
a
a
(%)
(%)
Negative control
100
1.8
1.0
100
1.9
1.0
1% DMSO
40
---d
---d
---d
e
35
8
-----e
30
9
---e
---e
25
35
1.9
1.1
20
74
1.7
0.9
15
94
2.1
1.2
10
89
1.9
1.1
5
78
1.2
0.7
d
d
100
-------d
d
d
80
-------d
d
d
60
-------d
d
d
40
-------d
20
17
1.6
3.0
10
54
1.7
3.3
1
75
1.4
0.7
0.5
95
2.1
1.1
Positive control
32
51.6
28.7
EMS 620 μg/mL
Positive control
42
20.2
10.6
3MC 2 μg/mL
a
suspension growth x cloning efficiency
b

TK-/- mutants per 1 x 105 colony forming cells

c

mutation frequency of treated culture/control mutation frequency

d

excessive toxicity , culture not cloned

e

total survival less than 10% - mutation frequency not calculated

DAR conclusion
Benfluralin is not mutagenic in the present experimental conditions.

Guidelines:

Protocol in compliance with test method B.17 of directive 2000/32/EC

GLP status:

The study is GLP.

RMS comments and conclusions
An increase in the mutation frequency was noted in the activated test. Even though the increase did not reach the
laboratory’s acceptance criteria for a positive response, the test should have been repeated in a second experiment.
It is to be noted that the assay acceptance criteria and the definition of positive and negative response have
recently been updated in the latest OECD guideline (TG 490, 2016).
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CA 5.4.1/09

Report No.:

Lloyd, M. (2017c) Benfluralin Technical: Batch 2228: In Vitro L5178Y Gene
Mutation Assay at the hprt locus
Covance Study Number 8367645

Guideline:

OECD 476

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted to support a new specification

Material and methods:

Two experiments were set up (cytotoxicity and mutagenicity) to assess the ability
of benfluralin to induce mutation at the hypxanthine-guanine phosphoribosyl
transferase (hprt) locus. Single cultures of mouse lymphoma cells (L5178Y tk+/-)
were incubated in RPMI 1640 (107 cells/17.8 mL) in the presence of benfluralin
(purity 96.2%), dissolved in dimethyl sulphoxide (DMSO), for 3 h at the
following concentrations of 0; 6.25; 12.5; 25; 50; 100 and 200 µg/mL
(cytotoxicity Range-Finder Experiment ± S9), and in duplicate cultures at 0; 10;
20; 40; 50; 60; 80; 100; 150 and 200 µg/mL (Mutation Experiment ± S9). DMSO
served as vehicle control. Precipitation was observed at 100 and 200 µg/mL in the
range-finder experiment and at 100, 150 and 200 µg/mL in the mutation
experiment. Solubility limit in culture medium was in the range of 33.4 to 66.9
µg/mL indicated by precipitation at the higher concentration. The dosage was not
checked analytically. Calculations of all test article concentrations include a
correction for purity using a factor of 1.04. Osmolality and pH measurements on
post-treatment media were taken in the range-finder study. Positive controls were
included in the mutation assay as single cultures by treatment with 4nitroquinoline 1-oxide (NQO 0.15 and 0.20 µg/mL, -S9) and Benzo[a]pyrene
(B[a]P) 2 and 3 µg/mL, +S9).
Post-mitochondrial fraction (S9) was prepared from Sprague Dawley ♂ rat
induced with Aroclor 1254 and used for preparation of metabolic activation
mixture. Treatments were carried out by addition of 150 mM KCl in the absence
of S9.
Cells from the cytotoxicity range-finder assay were incubated at 37±1°C in 96well microtitre plates (1.6 cells/well) for 8 days for determination of relative
survival (RS). Viable clones were identified by eye using background illumination
and counted.
Exposed cells in the mutation assay were transferred to flasks (2105 cells/mL)
and grown for a period of 7 days in order to express induced mutants (hprt-) or
diluted to be plated for survival (1.6 cells/well) and grown for 7 days 37±1°C.
Cells grown in flasks were sub-cultured to maintain appropriate concentration of
cells. At the end of the expression period following cultures were selected to be
plated in 96-well microtitre plates for viability and 6-thiogunine (6TG) resistance;
0±, 10±, 20±, 40±, 50±, 60±, 80±, 100±, 150± and 200+ µg/mL (exponent means ±S9)
including positive controls. Viability was assessed during 8 days in medium
without selecting agent (1.6 cells/well), while cells (2104 cells/well) selected in
medium containing 15 µg/mL 6TG were incubated for 13 days 37±1°C. Cloning
efficiency (CE) was calculated assuming that the number of colonies per well
follows a Poisson distribution. Mutant frequency (MF) was calculated from CE of
mutant and viable cells and expressed as “mutants per 10 6 viable cells” as a
function of relative survival. Criterion for determining positive response: if the
MF at one or more concentrations was significantly greater than that of the
negative control (p≤0.05).
Benfluralin
Purity: 96.2%
Batch No: 2228

Reference:

Test material:
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Results
Benfluralin was tested in six concentrations ranging from 6.25 to 200 µg/mL in the cytotoxicity Range-Finder
Experiment and in nine concentrations ranging from 10 to 200 µg/mL in the Mutation Experiment. Presence of
precipitation occurred in both experiments with concentrations of ≥100 µg/mL. The highest concentration
analysed in the Range-Finder Experiment was 100 µg/mL (limited by solubility), which caused 48% and 53%
relative survival (RS) compared to control in the absence and presence of S9, respectively. In the Mutation
Experiment, the highest concentrations analysed for viability and 6-thioguanine (6TG) was 150 µg/mL in the
absence of S9 (limited by cytotoxicity), and 200 µg/mL in the presence of S9 which gave 14% and 44% RS,
respectively. Mutant frequencies (MF) in the vehicle control fell within the historical negative control ranges and
induction of MF in positive controls were acceptable. The treatments had non-significant increases in MF
compared to negative controls, with the exception of 200 µg/mL in the presence of S9, which fell above the
laboratory’s historical MF range (table B.6.4.1.2-3). There were no statistically significant linear trends. The
results are presented in table B.6.4.1.2-2
Table B.6.4.1.2-2

MF§: Mutant frequency (6TG resistant mutants/ 106 viable cells 7 days after treatment)
Table B.6.4.1.2-3

Vehicle controls
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RMS comments and conclusions
In the presence of metabolic activation at 200 µg/mL, benfluralin caused a non-significant increase above the
distribution of the historical negative control data. This increase may be of biological relevance. The result was
not discussed in the study report and the result is difficult to interpret due to the observed precipitation at this
concentration. The result was obtained within acceptable level of cytotoxicity. The RMS considers the result to be
equivocal and the study should have been repeated. It is to be noted that this study was conducted with a batch
having a lower content of EBNA (genotoxic impurity, 0.085 mg/kg) than the approved specification for
benfluralin (0.1 mg /kg). The study is acceptable.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Benfluralin did not increase the mutation frequency under the experimental conditions of this study. It was stated
during the PPR-meeting that positive effects observed in the presence of precipitation could be artefactual and the
study could be considered negative.

CA 5.4.1/10

Report No.:

Lloyd, M. (2017d) Benfluralin Technical: Batch 2614: In Vitro L5178Y Gene
Mutation Assay at the hprt locus
Covance Study Number 8367648

Guideline:

OECD 476

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted to support a new specification

Material and methods:

Two experiments were set up (cytotoxicity and mutagenicity) to assess the ability
of benfluralin to induce mutation at the hypxanthine-guanine phosphoribosyl
transferase (hprt) locus. Single cultures of mouse lymphoma cells (L5178Y tk+/-)
were incubated in RPMI 1640 (107 cells/17.8 mL) in the presence of benfluralin
(purity 96.6%), dissolved in dimethyl sulphoxide (DMSO), for 3 h at the
following concentrations of 0; 6.25; 12.5; 25; 50; 100 and 200 µg/mL
(cytotoxicity Range-Finder Experiment ± S9), and in duplicate cultures at 0 ±, 10±,
20±, 40±, 50-, 60±, 70-, 80±, 90-, 100±, 125±, 150±, 175+ and 200+ µg/mL (Mutation
Experiment, exponent means ±S9). DMSO served as vehicle control.
Precipitation was observed at 100 and 200 µg/mL in the range finder experiment,
at 90 and 100 µg/mL in the absence of S9, and at 100, 125, 150 and 175 µg/mL in
the presence of S9 in the mutation experiment.
The dosage was not checked analytically. Calculations of all test article
concentrations include a correction for purity using a factor of 1.04.
Solubility limit in culture medium was in the range of 32.4 to 64.9 µg/mL.
Osmolality and pH measurements on post-treatment media were taken in the
range-finder study and in the presence of S9 in the mutation assay. Positive
controls were included in the mutation assay as single cultures by treatment with
4-nitroquinoline 1-oxide (NQO 0.15 and 0.20 µg/mL, -S9) and Benzo[a]pyrene
(B[a]P) 2 and 3 µg/mL, +S9).
Post-mitochondrial fraction (S9) was prepared from Sprague Dawley ♂ rat
induced with Aroclor 1254 and used for preparation of metabolic activation
mixture. Treatments were carried out by addition of 150 mM KCl in the absence
of S9.

Reference:
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Test material:

Cells from the cytotoxicity range-finder assay were incubated in 96-well
microtitre plates (1.6 cells/well) for 8 days at 37±1°C for determination of relative
survival (RS). Viable clones were identified by eye using background illumination
and counted. Exposed cells in the mutation assay were transferred to flasks (2105
cells/mL) and grown and for a period of 7 days in order to express induced
mutants (hprt-) or diluted to be plated for survival (1.6 cells/well) and grown for 7
days 37±1°C. Cells grown in flasks were sub-cultured to maintain appropriate
concentration of cells. At the end of the expression period following cultures were
selected to be plated in 96-well microtitre plates for viability and 6-thiogunine
(6TG) resistance; 0±, 10±, 20±, 40±, 50-, 60±, 70-, 80±, 90-, 100±, 125+, 150+ and
175+ µg/mL (exponent means ±S9) including positive controls. Viability was
assessed during 8 days in medium without selecting agent (1.6 cells/well), while
cells (2104 cells/well) selected in medium containing 15 µg/mL 6TG were
incubated for 13 days at 37±1°C. Cloning efficiency (CE) was calculated
assuming that the number of colonies per well follows a Poisson distribution.
Mutant frequency (MF) was calculated from CE of mutant and viable cells and
expressed as “mutants per 106 viable cells” as a function of relative survival.
Criterion for determining positive response: if the MF at one or more
concentrations was significantly greater than that of the negative control (p≤0.05).
Benfluralin
Purity: 96.6%
Batch No: 2614

Results
Benfluralin was tested in six concentrations ranging from 6.25 to 200 µg/mL in the cytotoxicity Range-Finder
Experiment and presence of precipitation was observed with the two highest concentrations. The test item gave
≥10% relative survival (RS) at 50 µg/mL in the absence of S9 and at 200 µg/mL in the presence of S9 resulting in
23% and 18% RS compared to control, respectively. In the Mutation Experiment, eleven concentrations ranging
from 10 to 150 µg/mL in the absence of S9 and ten concentrations, ranging from 10 to 200 µg/mL were tested in
the presence of S9. Precipitation was observed at ≥90 µg/mL without S9 and at ≥100 µg/mL with S9. The highest
concentrations analysed were 100 µg/mL in the absence of S9 (limited by cytotoxicity) and 175 µg/mL in the
presence of S9 (limited by solubility) which gave 28% and 19% RS, respectively. However, the highest
cytotoxicity observed was in the absence of S9 with 80 and 90 µg/mL, which gave 15% and 19% RS, respectively.
There were no statistically significant increases in mutant frequency (MF) in the absence and presence of S9
compared to the vehicle control MF values, and no statistically significant linear trends. Decreases in osmolality
(>50 mOsm/kg) were observed in the presence of S9 at 50 and 100 µg/mL in the Range-Finder study and nonreproducible changes in osmolality were reported at 150 µg/mL in the Mutation Experiment. The study is
acceptable. The results are presented in table B.6.4.1.2-4.
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Table B.6.4.1.2-4

MF§: Mutant frequency (6TG resistant mutants/ 106 viable cells 7 days after treatment)

RMS comments and conclusions
Benfluralin was non-mutagenic under the experimental conditions of this study. The sporadic changes in
osmolality reported in the mutation assay did not affect the interpretation of the data. The study is acceptable. It is
to be noted that this study was conducted with a batch having a lower content of EBNA (genotoxic impurity,
0.058 mg/kg) than the approved specification for benfluralin (0.1 mg /kg).
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B.6.4.1.3 In vitro clastogenicity testing in mammalian cells

CA 5.4.1/04
Reference:

Koenig, G.R., Garriott, M.L., Kindig, D.E.F. (1988) The effect of benefin (El-110,
compound 054521) on the in vitro induction of chromosome aberrations in Chinese
hamster ovary cells

Report No.:

Lilly Research Laboratories, Report No. 881026CTX2598, 881108CAB2598 and
881109CAB2598

Guideline:

Not stated.

GLP:

Yes

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Test material:

Three experiments were set up (one cytotoxicity and two clastogenicity tests).
Chinese Hamster Ovary (CHO-WBL) cells (average generation time ~12-16h,
modal chromosome number 20-21) were seeded (1.3104/cm²) in McCoy’s medium
(+10% FCS) 24h before treatment. Benfluralin (purity 96.63%; B.n° 231EF4)
dissolved in DMSO (final conc. 1% v:v), was added to the cultures, at dose-levels
of 0.0; 0.1; 0.3; 1; 3; 10; 30; 100; 300 or 1000 µg/mL (cytotoxicity test) and 0; 10–;
15–; 20–; 25+; 30–, 40–; 50+; 75+ or 100+ µg/mL (clastogenicity tests; exponent
means S9-mix). The duration of the treatment was 4h (S9), after which the test
article was removed and cells were incubated for a further 21h. Two hours before
harvest, cells were treated with colcemid (0.1 µg/mL). Cultures were terminated by
mitotic shake-off, and a sample of cells was counted (haemocytometer) immediately
to assess growth inhibition. Formulation concentrations were not checked
analytically, but test article purity was assessed. Neither osmolality nor pH were
monitored. Post-mitochondrial supernatant was obtained from Aroclor 1254induced Fischer ♂rat, and used for preparation of metabolic activation mixture.
Positive control was obtained by treating with Mitomycin C (MMC, 0.5 µg/mL, –
S9) or with cyclophosphamide (CP, 10 µg/mL, +S9). Negative control was obtained
by treating with the vehicle. Cells were treated with 0.075M KCl for hypotonic
shock, followed by fixation (methanol:acetic acid, 3:1) and Giemsa-stained. Two
cultures were treated per concentration (three according to the material and method
section), and two slides prepared per culture. Mitotic Index (M.I.) was not
determined. Cells with structural aberrations were determined on at least 50
cells/concentration/culture (25/culture for the positive controls). Only cells with 1923 (2N2) were scored. Additionaly, the occurence of and polyploidy but not
aneuploidy was assessed. Criterium for determining positive response: if the
number of cells with aberrations (gaps included) is statistically and dosedependently increased at at least two consecutive doses.
benfluralin (referred to in report as ‘benefin’)
Purity: 96.63%
Batch No.: Batch No: 231EF4
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Results
Cell survival declined by about 50% at 30 µg/mL and above in the absence of S9, and at the top-dose in the
presence of S9. It appeared that substance was soluble up to and including 30 µg/mL. It was concluded that the
main clastogenicity assay would be conducted at doses spanning 20-40 µg/mL (–S9), and 75-125 µg/mL, for
toxicity and substance solubility considerations. The results of the cytoxicity study are presented in the table
B.6.4.1.3 -1.

Table B.6.4.1.3 -1 Cell survival (as % of control-value) in CHO cells treated with Benfluralin

Dose (µg/mL)
0.1
0.3
97.0
98.0
–S9
70.6
116.6
+S9
P
: compound precipitate observed

1
90.3
101.8

3
159.3
149.1

10
82.3
125.2

30
51.0
122.1

100
29.3 P
131.9 P

300
6.3 P
119.6 P

1000
0.0 P
9.2 P

There were no significant increases in chromosome aberrations frequency at any dose in the presence and absence
of S9. In the absence of S9, there was a dose-dependent increase of cells with a polyploid chromosome number,
which was considered relevant at 30 and 40 µg/mL. The positive controls caused the expected rise of cells with
chromosome aberrations, indicating that the CHO-cells responded well, and the metabolic activation was active.
The results of the clastogenicity study are presented in the table B.6.4.1.3 -2.

Table B.6.4.1.3 -2 Cell: Chromosome aberrations in CHO cells treated with Benfluralin

Dose
(µg/mL)

S9
–
–
–
–
–

n° scored

number of
CA/cell

0
100
0.02
100
0.03
100
0.02
100
1.4
25
0
+
50
0
50
0
75
+
50
0.02
50
0.02
100
+
50
0.02
50
0.04
125
+
50
0
50
>1.16
CP
+
25
MMC = Mitomycin C; CP = Cyclophosphamide
0
20
30
40
MMC
0

% with CA
–gaps
+gaps
0
1
2
2
48**
0
0
0
2
2
2
2
0
52**

1
2
2
3
56
0
4
0
2
2
2
2
2
60

% with >1 CA

% polyploid

0
1
1
0
36
0
0
0
0
0
0
2
0
24

0
3
5
10.5
7
2
1
2
1
1
1
1
0
2

DAR conclusion
Benfluralin was not considered a clastogenic compound in CHO cells, but a marked increase of polyploidy was
observed at the highest doses, in the absence but not in the presence of S9.

Guidelines:

Protocol partly in compliance with test method B.10 of directive 92/69/EEC or 2000/32/EC.
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Deviations from protocol:
Results of neither M.I. nor cell toxicity are reported for the clastogenicity phase; contrarily to the protocol
description, 1/3 cultures were claimed to serve for a concurrent cytotoxicity test (w/o mitotic arrest), but results
were absent; however, based upon the preliminary cytotoxicity data, it appeared that the used dose ranges were
appropriate.
The number of scored cells is too low: 50 i.o. 100 cells/culture;
No independent confirmatory experiment was conducted.

RMS comments and conclusions
Benfluralin did not induce chromosome aberration under the experimental conditions of this study, but an increase
of polyploidy was noted. The positive controls induced a marked increase in chromosomal aberrations confirming
the sensitivity of the assay. The study is however considered not acceptable as it does not meet the guideline in
force at the time of the study in that at least 200 celles/concentration should be scored. In addition a continuous
treatment in the absence of S9 was not carried out. The study was not repeated in independent experiment.
The current guideline (TG 473, 2016) specifies that at least 300 cells/concentration should be scored.

CA 5.4.1/11
Reference:
Report No.:

Lloyd, M. (2017e) Benfluralin Technical: Batch 2228: In Vitro Human
Lymphocyte Micronucleus Assay
Covance Study Number 8367646

Guideline:

OECD 487

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted to support a new specification

Material and methods:

A cytotoxicity Range-Finder study and a Micronucleus Experiment were set up to
investigate possible micronuclei formation by benfluralin. Human peripheral
blood lymphocytes from two healthy, non-smoking males were used. Whole blood
cultures were pooled and treated with anti-coagulant (heparin) followed by 48 h
stimulation with 2% phytohaemagglutinin (PHA) to induce cell division prior to
exposure to benfluralin.
In the range-finder experiment, single human lymphocytes cultures in RPMI
medium were exposed to 0.1 mL benfluralin (purity 96.2%), dissolved in dimethyl
sulphoxide (DMSO) for 3 h (±S9) and 24 h (-S9) in a concentration range of
0.7256 to 200 µg/mL. Final culture volume was 10 mL. Treatment medium was
removed before fresh medium containing 6 µg/mL Cytochalasin B (Cyto-B) per
culture was added to block cytokinesis and the cultures were further incubated at
37±1°C for 21 h (3+21 h treatment) and 24 h (24+24 h treatment). DMSO vehicle
controls were tested in duplicate for each test condition. The cultures were
sampled 72 h (3+21 h treatment) and 96 h (24+24 h treatment) after culture
initiation, equivalent to approximately 1.5 to 2 times the average generation time
of cultured lymphocytes, and prepared on slides. The replication index (RI) was
determined based on proportions of mono-, bi-, and multinucleate cells from
minimum 200 cells per concentration and the RI was used to select concentrations
in the micronucleus experiment.
Solubility limit in culture medium was in the range of 33.45 to 66.89 µg/mL
indicated by precipitation at the higher concentration. The dosage was not checked
analytically. Calculations of all test article concentrations include a correction for
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Test material:

purity using a factor of 1.04. Osmolality and pH measurements on post-treatment
media were taken in the cytotoxicity range-finder study.
Post-mitochondrial fraction (S9) was prepared from Sprague Dawley ♂ rat
induced with Aroclor 1254 and used for preparation of metabolic activation
mixture. Treatments were carried out by addition of 1 mL of 10% S9 mix or 150
mM KCl in the absence of S9.
In the micronucleus experiment, duplicate cultures were incubated in the presence
of benfluralin for 3 h using final concentration range 10 to 80 µg/mL (-S9), 20 to
140 µg/mL (+S9), and for 24 h using 10 to 80 µg/mL (-S9). Treatment medium
was removed before Cyto-B was added to fresh medium and cultures were
incubated at 37±1°C for 21 h (3+21 h treatment) and 24 h (24+24 h treatment).
Then cells were sampled and prepared on slides. DMSO vehicle was included as
quadruplicate cultures. Positive controls were included in the micronucleus
experiment as duplicate cultures by treatment with mitomycin C (MMC, 3+21 h;
0.2 and 0.3 µg/mL, -S9) and vinblastine (VIN, 24+24 h; 0.04 and 0.06 µg/mL, S9) as clastogenic and aneugenic controls respectively, and cyclophosphamide
(CPA, 3+21 h; 2 and 3 µg/mL, +S9) as clastogenic control.
RI was determined from minimum 500 cells per culture and used to select
concentrations for micronucleus analysis. Micronuclei in the micronucleus
experiment were analysed at following concentrations: 45; 65 and 70 µg/mL
(3+21 h, -S9), 80; 110 and 140 µg/mL (3+21 h, +S9) and 20; 40; 50 and 55 µg/mL
(24+24 h, -S9). For positive controls, concentrations analysed were 0.3 µg/mL
(MMC, -S9), 3 µg/mL (CPA, +S9) and 0.04 µg/mL (VIN, -S9). Micronucleated
binucleate cells that met defined criteria were scored using fluorescence
microscopy and 2000 binucleate cells per concentration were analysed for
micronuclei under blinded conditions. The highest concentrations analysed
achieved 50-60% cytotoxicity, based on RI. The proportions of the numbers of
binucleate cells with micronuclei (MNBN) for each treatment condition were
compared with the proportion in vehicle controls by using Fisher’s exact test. For
trend test, Cochran-Armitage test was applied. Criterion for determining positive
response: probability values of p≤0.05 were accepted as significant.
Benfluralin
Purity: 96.2%
Batch No: 2228

Results
In the Range-Finder Experiment, cytotoxicity exceeding 50-60% reduction in replication index (RI) was reported
with concentrations of ≥72 µg/mL without metabolic activation (3+21 h; 89% and 24+24 h; 89%) and ≥120
µg/mL with metabolic activation (3+21 h; 78%). The results of the cytotoxicity Range-Finder Experiment were
used to select concentrations of benfluralin for the Micronucleus Experiment.
The frequencies of binucleate cells with micronuclei for all concentrations analysed fell within the 95th percentile
of the historical control ranges both in the absence of metabolic activation for 3+21 h and 24+24 h treatment, and
in the presence of metabolic activation for 3+21 h treatment. There was one exception where one single 3+21 h
treatment without metabolic activation at the highest concentration analysed, exceeded the historical vehicle
control range. The mean value of the duplicate treatments at this concentration, however, fell within the control
range. The highest concentrations analysed in the Micronucleus Experiment were 70 µg/mL (3+21 h) and 55
µg/mL (24+24 h) without metabolic activation and 140 µg/mL with metabolic activation, limited by cytotoxicity.
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The positive controls induced responses that were compatible with the historical positive control ranges and gave
statistically significant increase in micronucleated binucleate cells. Presence of precipitation occurred on the test
plates at ≥50 µg/mL in the Micronucleus Experiment in the absence of metabolic activation, and at ≥60 µg/mL
presence of metabolic activation. The results are presented in tables B.6.4.1.3-3 to 9.

Table B.6.4.1.3-3: Data for 3+21 Hour Treatments -S-9, Micronucleus Experiment - Male Donors
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Table B.6.4.1.3-3: Data for 3+21 Hour Treatments -S-9, Micronucleus Experiment - Male Donors (continued)

NSc = Not scored
P = Precipitation observed at treatment
Mono = Mononucleate
Bi = Binucleate
Multi = Multinucleate
RI = Replication index
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Table B.6.4.1.3-4: Data for 3+21 Hour Treatments +S-9, Micronucleus Experiment - Male Donors
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Table B.6.4.1.3-4: Data for 3+21 Hour Treatments +S-9, Micronucleus Experiment - Male Donors (continued)

NSc = Not scored
P = Precipitation observed at treatment
E = Precipitation observed at the end of treatment incubation
Mono = Mononucleate
Bi = Binucleate
Multi = Multinucleate
RI = Replication index
# Highlighted concentrations selected for analysis
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Table B.6.4.1.3-5: Data for 24+24 Hour Treatments -S-9, Micronucleus Experiment - Male Donors
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Table B.6.4.1.3-5: Data for 24+24 Hour Treatments -S-9, Micronucleus Experiment - Male Donors (continued)

P = Precipitation observed at treatment
Mono = Mononucleate
Bi = Binucleate
Multi = Multinucleate
RI = Replication index
# Highlighted concentrations selected for analysis
Table B.6.4.1.3-6: Summary of data analysed for micronuclei with Benfluralin Technical: Batch 2228

a

Vehicle control was DMSO
control
# 95th percentile of the observed range
$ Based on replication index
MNBN = Micronucleated Binucleate
NS = Not significant
*Positive
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Table B.6.4.1.3-7: Binucleate Cells with Micronuclei: Benfluralin Technical: Batch 2228, 3+21 Hour Treatments in the
Absence of S-9, Micronucleus Experiment - Male Donors

MNBN = Micronucleated Binucleate
NS = Not significant
# = Numbers exceed historical vehicle control range
Table B.6.4.1.3-8: Binucleate Cells with Micronuclei: Benfluralin Technical: Batch 2228, 3+21 Hour Treatments in the
Presence of S-9, Micronucleus Experiment - Male Donors

MNBN = Micronucleated Binucleate
NS = Not significant
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# = Numbers exceed historical vehicle control range
Table B.6.4.1.3-9: Binucleate Cells with Micronuclei: Benfluralin Technical: Batch 2228, 24+24 Hour Treatments in the
Absence of S-9, Micronucleus Experiment - Male Donors

MNBN = Micronucleated Binucleate
E = Precipitation observed at the end of treatment incubation
NS = Not significant
# = Numbers exceed historical vehicle control range

RMS comments and conclusions
Benfluralin did not induce micronuclei in cultured human peripheral lymphocytes under the experimental
conditions of this study. The single treatment in the results reported to exceed the historical control data is
considered not to be biologically relevant since the mean micronucleated binucleate cell frequency fell within the
historical control range. The study is acceptable. It is to be noted that this study was conducted with a batch having
a lower content of EBNA (genotoxic impurity, 0.085 mg/kg) than the approved specification for benfluralin (0.1
mg /kg).
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CA 5.4.1/12
Reference:
Report No.:

Lloyd, M. (2017f) Benfluralin Technical: Batch 2614: In Vitro Human
Lymphocyte Micronucleus Assay
Covance Study Number 8367649

Guideline:

OECD 487

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted to support a new specification

Material and methods:

A cytotoxicity Range-Finder study and a Micronucleus Experiment were set up to
investigate possible micronuclei formation by benfluralin. Human peripheral
blood lymphocytes from two healthy, non-smoking males were used. Whole blood
cultures were pooled and treated with anti-coagulant (heparin) followed by 48 h
stimulation with 2% phytohaemagglutinin (PHA) to induce cell division prior to
exposure to benfluralin.
In the range-finder experiment, single human lymphocytes cultures in RPMI
medium were exposed to 0.1 mL benfluralin (purity 96.6%), dissolved in dimethyl
sulphoxide (DMSO) for 3 h (±S9) and 24 h (-S9) in a concentration range of
0.7256 to 200 µg/mL. Final culture volume was 10 mL. Treatment medium was
removed before fresh medium containing 6 µg/mL Cytochalasin B (Cyto-B) per
culture was added to block cytokinesis and the cultures were further incubated at
37±1°C for 21 h (3+21 h treatment) and 24 h (24+24 h treatment). DMSO vehicle
controls were tested in duplicate for each test condition. The cultures were
sampled 72 h (3+21 h treatment) and 96 h (24+24 h treatment) after culture
initiation, equivalent to approximately 1.5 to 2 times the average generation time
of cultured lymphocytes, and prepared on slides. The replication index (RI) was
determined based on proportions of mono-, bi-, and multinucleate cells from
minimum 200 cells per concentration and the RI was used to select concentrations
in the micronucleus experiment.
Solubility limit in culture medium was in the range of 32.44 to 64.89 µg/mL
indicated by precipitation at the higher concentration. The dosage was not checked
analytically. Calculations of all test article concentrations include a correction for
purity using a factor of 1.04. Osmolality and pH measurements on post-treatment
media were taken in the cytotoxicity range-finder study.
Post-mitochondrial fraction (S9) was prepared from Sprague Dawley ♂ rat
induced with Aroclor 1254 and used for preparation of metabolic activation
mixture. Treatments were carried out by addition of 1 mL of 10% S9 mix or 150
mM KCl in the absence of S9.
In the micronucleus experiment, duplicate cultures were incubated in the presence
of benfluralin for 3 h using final concentration range 10 to 80 µg/mL (-S9), 20 to
140 µg/mL (+S9), and for 24 h using 10 to 80 µg/mL (-S9). Treatment medium
was removed before Cyto-B was added to fresh medium and cultures were
incubated at 37±1°C for 21 h (3+21 h treatment) and 24 h (24+24 h treatment).
Then cells were sampled and prepared on slides. DMSO vehicle was included as
quadruplicate cultures. Positive controls were included in the micronucleus
experiment as duplicate cultures by treatment with mitomycin C (MMC, 3+21 h;
0.2 and 0.3 µg/mL, -S9) and vinblastine (VIN, 24+24 h; 0.04 and 0.06 µg/mL, S9) as clastogenic and aneugenic controls respectively, and cyclophosphamide
(CPA, 3+21 h; 2 and 3 µg/mL, +S9) as clastogenic control.
RI was determined from minimum 500 cells per culture and used to select
concentrations for micronucleus analysis. Micronuclei in the micronucleus
experiment were analysed at following concentrations: 35; 55; 65 and 70 µg/mL
(3+21 h, -S9), 80; 100 and 110 µg/mL (3+21 h, +S9) and 25; 40 and 50 µg/mL
(24+24 h, -S9). For positive controls, concentrations analysed were 0.3 µg/mL
(MMC, -S9), 3 µg/mL (CPA, +S9) and 0.04 µg/mL (VIN, -S9). Micronucleated
binucleate cells that met defined criteria were scored using fluorescence
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Test material:

microscopy and 2000 binucleate cells per concentration were analysed for
micronuclei under blinded conditions. The highest concentrations analysed
achieved 50-60% cytotoxicity, based on RI. The proportions of the numbers of
binucleate cells with micronuclei (MNBN) for each treatment condition were
compared with the proportion in vehicle controls by using Fisher’s exact test. For
trend test, Cochran-Armitage test was applied. Criterion for determining positive
response: probability values of p≤0.05 were accepted as significant.
Benfluralin
Purity: 96.6%
Batch No: 2614

Results
In the Range-Finder Experiment, cytotoxicity exceeding 50-60% reduction in replication index (RI) was reported
with concentrations of ≥72 µg/mL without metabolic activation (3+21 h; 86% and 24+24 h; 91%) and ≥120
µg/mL with metabolic activation (3+21 h; 86%). The results of the cytotoxicity Range-Finder Experiment were
used to select suitable maximum concentrations of benfluralin for the Micronucleus Experiment.
The frequencies of binucleate cells with micronuclei for all concentrations analysed fell within the 95 th percentile
of the historical control ranges both in the absence of metabolic activation for 3+21 h and 24+24 h treatment, and
in the presence of metabolic activation for 3+21 h treatment. The highest concentrations analysed were 70 µg/mL
(3+21 h) and 50 µg/mL (24+24 h) without metabolic activation and 110 µg/mL with metabolic activation, limited
by cytotoxicity.

The positive controls induced responses that were compatible with the historical positive control ranges and gave
statistically significant increase in micronucleated binucleate cells. Presence of precipitation occurred on the test
plates at ≥40 µg/mL in the Micronucleus Experiment, both in the absence and presence of metabolic activation.
The results are presented in tables B.6.4.1.3-10 to 15.
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Table B.6.4.1.3-10: Data for 3+21 Hour Treatments -S-9, Micronucleus Experiment -Male Donors

NSc = Not scored
P = Precipitation observed at treatment
Mono = Mononucleate
Bi = Binucleate
Multi = Multinucleate
RI = Replication index
# Highlighted concentrations selected for analysis

RMS: NO
Co-RMS: NL

- 135 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table B.6.4.1.3-11: Data for 3+21 Hour Treatments +S-9, Micronucleus Experiment - Male Donors

P = Precipitation observed at treatment
Mono = Mononucleate
Bi = Binucleate
Multi = Multinucleate
RI = Replication index
# Highlighted concentrations selected for analysis
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Table B.6.4.1.3-12: Data for 24+24 Hour Treatments -S-9, Micronucleus Experiment - Male Donors

P = Precipitation observed at treatment
Mono = Mononucleate
Bi = Binucleate
Multi = Multinucleate
RI = Replication index
# Highlighted concentrations selected for analysis
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Table B.6.4.1.3-13: Binucleate Cells with Micronuclei: Benfluralin Technical: Batch 2614, 3+21 Hour Treatments in the
Absence of S-9, Micronucleus Experiment – Male Donors

NS = Not significant
# = Numbers exceed historical vehicle control range

Table B.6.4.1.3-14: Binucleate Cells with Micronuclei: Benfluralin Technical: Batch 2614, 3+21 Hour Treatments in the
Presence of S-9, Micronucleus Experiment - Male Donors

NS = Not significant
# = Numbers exceed historical vehicle control range
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Table B.6.4.1.3-15: Binucleate Cells with Micronuclei: Benfluralin Technical: Batch 2614,
24+24 Hour Treatments in the Absence of S-9, Micronucleus Experiment -Male Donors

NS = Not significant
# = Numbers exceed historical vehicle control range

RMS comments and conclusions
Benfluralin did not induce micronuclei in cultured human peripheral lymphocytes under the experimental
conditions of this study. The study is acceptable. It is to be noted that this study was conducted with a batch
having a lower content of EBNA (genotoxic impurity, 0.058 mg/kg) than the approved specification for
benfluralin (0.1 mg /kg).
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B.6.4.1.4 In vitro unscheduled DNA synthesis test in rat hepatocytes

CA 5.4.1/06
Reference:

Hill, L.E. (1985) The effect of benefin (EL-110, compound 54521) on the induction
of DNA repair in primary cultures of adult rat hepatocytes

Report No.:

Lilly Research Laboratories, Report No. 850716UDS2598 and 850723UDS2598

Guideline:

Not stated

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

Freshly isolated hepatocytes from ♂ rats (Fischer) were plated (2.33104 cells/cm²)
in multiplates containing coverslips, and allowed to attach for 2.5h. Next, cells were
incubated in the presence of Benfluralin (purity 97.3%; B.n° 231EF4) dissolved in
DMSO at dose-levels of 0, 0.5; 1; 5; 10; 50; 100; 500 and 1000 µg/mL (solvent
control in tetraplicate) and 3H-TdR (10 µCi/mL) during 20h. Positive control was
obtained by treating with 2-acetylaminofluorene (2-AAF) at the dose-levels of 0.5,
0.1, 0.5 or 1 µg/mL, or with N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) at the
dose-levels of 1, 5, 10 or 20 µg/mL. Negative control was obtained by treating with
the vehicle (the number of cultures for the treatment by the test article and positive
controls was not reported). After treatment, cells were washed and slides processed
for autoradiography. The number of silver grains (over the nucleus and 3 nuclearsized cytoplasmic areas) were assessed using a semi-automatic colony counter. Cells
exhibiting replicative DNA synthesis (heavily labeled) were not scored or remained
unreported.
Criteria for determining positive UDS-response: the mean net nuclear grain count
(NNG) exceeded the control value by at least 3 s.d. for at least 2 successive
concentrations.
benfluralin (referred to in report as ‘benefin’)
Purity: 97.3%
Batch No.: Batch No: 231EF4

Test material:

Results
Benfluralin was toxic to hepatocyte cultures at concentrations of 50 μg/mL and above and chemical precipitation
occurred at the 500 and 1000 μg/mL treatments. Benfluralin showed no induction of UDS at concentrations of 10,
5, 1 and 0.5 μg/mL in both replicate tests. No increase in net nuclear grain (NNG) count was noted. The positive
controls induced a marked increase in NNG confirming the sensitivity of the assay.

DAR conclusion
Benfluralin does not induce UDS in-vitro in these experimental conditions.

RMS comments and conclusion
Benfluralin did not induce unscheduled DNA synthesis under the experimental conditions of this study. The study
generally complies with the OECD guideline in force at the time of study. The test is however not included in the
recommended test battery according to regulation (EC) 283/2013 and is considered to provide supplementary
information.
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B.6.4.2

In vivo studies in somatic cells

B.6.4.2.1 In vivo mammalian bone-marrow Sister Chromatid Exchange test

CA 5.4.2/01
Reference:

(1985) The effect of benefin (EL-110, compound 54521) on
the in vivo induction of sister chromatid exchange in bone marrow of Chinese
hamsters

Report No.:

, Report No. 850722SCE2598

Guideline:

Not stated, no OECD or EU protocol exits for the test, but evaluated based EPA
guideline OPPTS 870.5915.

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

Test material:

Three ♀ Chinese Hamsters (32-39g weight) were exposed to Benfluralin (97.3%,
B.n° 231EF4) dissolved in 10% w:v: of aqueous acacia at the dose levels of 0; 200;
300; 400 or 500 mg/kg b.w. by gavage (dosing volume 10 mL/kg). Positive
control was obtained by treating with Cyclophosphamide dissolved in aqueous
acacia (CP, 50 mg/kg). Negative control was obtained by treating with the vehicle.
Five hours prior to the treatment, animals received a s.c. implant of an agar-coated
BrdU-tablet (20-30 mg). Animals were treated for 21h, and 2h prior to sacrifice,
animals received vinblastin (Velban ®, 1 mg/kg) i.p.. Bone marrow was flushed
from the femur, processed and fixed in methanol-acetic acid (3:1, v:v) and
spreaded, and stained with a combined fluorochrome (Hoechst 33258)/Giemsa
stain. Well-spread second division metaphases (25 cells per animal), containing the
normal chromosome complement were analysed for the presence of SCEs. The
frequency of first (M1), second (M2) and third (M3) division metaphases was
investigated on a total of 100 metaphases/animal. An increase of the M1 fraction
relative to M2 and M3 may reflect a perturbation of the proliferation kinetic, and
may be indicative of a cytotoxic effect. Criteria for determining positive SCEresponse: if the number of cells with SCE is statistically (Dunnett’s t-test) and dosedependently increased at at least two consecutive doses.
benfluralin (referred to in report as ‘benefin’)
Purity: 97.3%
Batch No.: Batch No: 231EF4

Results
The results of the study are presented in the Table 6.4.2.1, below.

Table 6.4.2.1 Cell: Chromosome aberrations in CHO cells treated with Benfluralin

Dose (mg/kg bw)
0
200
300
400
500
CP (50)

n° scored

50
75
75
75
75
25

mean
3.0
2.8
2.9
3.0
2.8
18.9*

SCE/cell
±
±
±
±
±
±
±

s.d.
1.3
1.1
0.9
1.2
0.8
8.7

Cell cycle§
% M1
% M2
24
72
25
75
22
75
25
73
34
61
58
41
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DAR conclusion
Guidelines: No EU protocol exists, but EPA guideline OPPTS 870.5915 offers some guidance.
Deviation from protocol:
The use of only 3 animals/dose (only ♀) is suboptimal, as 5 animals/sex/dose are recommended.
MTD may not be attained, as LD50>5000 mg/kg bw and the top-dose was 500 mg/kg bw.

GLP status:

The study is GLP.

RMS comments and conclusion
Benfluralin did not induce SCE under the experimental conditions of this study. The study is GLP, but has some
deviations from the guideline. The positive controls induced a marked increase in SCE confirming the sensitivity
of the assay. The test is not included in the recommended test battery according to regulation (EC) 283/2013.
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B.6.4.2.2 Mouse bone marrow micronucleus assay

CA 5.4.2/02
(2004) Evaluation of benefin in the

Reference:
mouse bone marrow micronucleus test
Report No.:

, Report No. 031084

Guideline:

OECD guideline 474

GLP:

Yes

Acceptability:

Acceptable.

Previous evaluation:

In DAR (2006)

Material and methods:

Test material:

Six mice/dose/sex [CD-1 (1-CR)BR)] were exposed to Benfluralin (purity 95.8%;
B.n° ACD13683=TSN100037) dissolved in 0.5% w:v methylcellulose, at the dose
level of 2000 mg/kg bw by gavage (dosing volume 10 mL/kg). Animals were
sacrificed 24h and 48h after dosing. Both analytical verification of concentration
and homogeneity in administered samples was performed, and were satisfactory
(93% of target concentration). Positive control was obtained by treating with
Cyclophosphamide dissolved in a.d. (CP, 120 mg/kg, sacrifice time 24h; 1♀ mouse
was excluded from mean calculations because of a possible dosing error). Negative
control was obtained by treating with the vehicle. After harvest of femural bone
marrow in FCS and cell smearing (wedge smears), slides were processed for
Wright/Giemsa staining in order to distinguish polychromatic erythrocytes (PCE)
and mature cells. A minimum of 2000 cells/animal/dose were scored. The ratio of
PCE to normochromatic erythrocytes (NCE) was calculated on 200 cells as an
indication of bone marrow toxicity. Incidence of micronuclei was scored among
PCE’s (MPCE’s).
In a preliminary experiment, 2 mice/sex received the test article at 2000 mg/kg b.w.,
and clinical signs, body weight and body temperature was assessed up to and
including 72h post-dose.
Criteria for determining positive response: if the mean number of MPCE was
statistically different (Anova) from controls at at least one dose-level in a doseresponsive way. The study is accepted.
benfluralin (referred to in report as ‘benefin’)
Purity: 95.8%
Batch No.: Batch No: ACD13683

Results
The results of the study are presented in table 6.4.2.2-1.

Table B.6.4.2.2-1: micronucleus incidence in mouse bone marrow cells treated with Benfluralin
Dose
(mg/kg
bw/day)

na
‰ MN

SD

24 hour
%PCE

SD

‰ MN

SD

48 hour
%PCE

0b
6
1.0
0.8
63.8
3.3
1.9
1.3
2000
6
2.6
1.1
57.3
4.4
1.6
1.2
c
d
d
120 CP
6
75.0
35.2
45.7
8.5
a n is the number of animals per dose group at the time of scheduled sacrifice
2000 PCE were examined/animal for) MN incidence and expressed as MN/1000 PCE (‰ MN-PCE)
b Mice were dosed with the vehicle (0.5% methocel)
c CP = Cyclophosphamide monohydrate (positive control clastogen)
d The values are significantly different from the negative control (alpha=0.05)

64.1
64.0

SD
4.2
1.3
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DAR conclusion
Benfluralin is not clastogenic in these experimental conditions.

RMS comments and conclusion
There was no reduction of the PCE:NCE ratio. It is argued that the bone marrow should have been exposed as the
substance is shown to be widely distributed in the ADME studies in the rats. It is however questionable if this can
be used as evidence for bone marrow exposure in the mouse since no ADME studies on the mouse are available
In males, the mean value of micronucleated PCE was slightly high (due to 5/6 animals exhibiting 2.5-3.5‰
MNPC) at 24 h sampling, but the effect did not attain statistical significance. These values were within the range
of historical control data (Table 6.4.2.2-2). However the mean value of the treated group (2.6 ‰ MNPC) was
outside the range of the mean values of the historical data (0.3-2.2 ‰ MNPC) (Table 6.4.2.2-2) suggesting a
possible biological significant effect. The positive control induced a marked increase confirming the sensitivity of
the assay. It should be noted that the study does not fully comply with the latest OECD guideline (TG 474, 2016)
in at at least 4000 immature erythrocytes per animal should be scored for the incidence of micronucleated
immature erythrocytes. It is also to be noted that this study was conducted with a batch of lower content of EBNA
(genotoxic impurity, 0.04 mg/kg) than current specification (0.1 mg/kg).

Table 6.4.2.2-2 Historical control data
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CA 5.4.2/03
Reference:
Report No.:

(2017a) Benfluralin Technical, Batch 2228: Rat Bone Marrow
Micronucleus Assay
, Report No. 8368604

Guideline:

OECD guideline 474 (2016)

GLP:

Yes

Acceptability:
Previous evaluation:

Submitted to support a new specification

Material and methods:

Six male rats/dose [young adult out-bred Sprague Dawley ( :CD(SD] were
exposed to Benfluralin (purity 96.6%; B.n° 2228) dissolved in 0.5% w:v
methylcellulose, at the dose level of 0, 500, 1000 or 2000 mg/kg bw by gavage.
Positive control was obtained by treating 3 males with 20 mg/kg cyclophosphamide
(CP) dissolved in saline. Negative control was obtained by treating with the vehicle.
All doses were administered at a dose volume of 10 mL/kg.
The test article and vehicle control were given as two administrations, at 0 and 24
hours. The positive control was administered once only at 24 hours. All animals were
sampled at 48 hours.
After harvest of femural bone marrow in FBS and cell smearing, slides were
processed for acridine orange staining in order to distinguish polychromatic
erythrocytes (PCE) and mature cells. A minimum of 4000 PCE/animal/dose were
scored. The ratio of PCE to normochromatic erythrocytes (NCE) was calculated on
500 cells as an indication of bone marrow toxicity.
In a range finding study, 3 rats/sex received the test article at 2000 mg/kg b.w,
clinical signs and body weight were assessed up to and including 48 h post-dose.
Criteria for evaluation:
The test article was considered to induce clastogenic/aneugenic damage if:
1. A statistically significant increase in the frequency of MN PCE occurred at one or
more dose levels
2. The incidence and distribution of MN PCE exceeded the laboratory’s historical
vehicle control data
3. A dose-response trend in the proportion of MN PCE was observed.

Test material:

The test article was considered positive in this assay if all of the above criteria were
met. The test article was considered negative in this assay if none of the above
criteria were met and bone marrow exposure was confirmed.
Benfluralin
Purity 96.2%
B.n° 2228

Results
Range finding study
Following administration of Benfluralin Technical, Batch 2228, at 2000 mg/kg bw/day, no clinical signs of
toxicity were observed in any animal and there was no notable impact on animal body weight. These data
confirmed that 2000 mg/kg bw/day (the recommended maximum dose level according to current regulatory
guidelines) was well tolerated by the animals and therefore selected as the maximum dose for the Main
Experiment. Two lower doses of 500 and 1000 mg/kg bw/day were also selected. As no difference in toxicity was
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observed between male and female animals in the Range-Finder Experiment, male animals only were used in the
Main Experiment.
Main study
No clinical signs of toxicity were observed in any animal following treatments with vehicle, benfluralin or the
positive control (CPA). No notable effect of treatment on body weights was observed. There was no evidence of
any test article-induced toxicity to the bone marrow (as would usually be indicated by a decrease in %PCE values
compared to the vehicle control group). The mean MN PCE frequencies of the groups treated with benfluralin
were increased compared to vehicle control. The increases were statistically significant (P≤0.05) at 500 and 2000
mg/kg bw/day.
The vehicle control MN PCE data were comparable with the laboratory’s historical vehicle control ranges. The
positive control induced a statistically significant increase in the frequency of MN PCE that was comparable with
the laboratory’s historical control data. The results are shown in Table B.6.4.2.2-2

Table B.6.4.2.2-2 Benfluralin Technical, Batch 2228: Summary of Data

Table B.6.4.2.2-3 Historical Control Data Ranges: Micronucleus Data
Data generated from studies performed within the GLP laboratory, by GLP trained staff, whether a claim of GLP
compliance was made or not, were included in the compilation of the historical control ranges without bias.
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RMS comments and conclusion
The bone morrow exposure was not demonstrated in this study. The study author states that the notifier jugged
that this was not required as the proof of exposure is demonstrated in the pharmacokinetic study in Fischer 344
rats (

1988). In that study, male and female rats were given a single oral dose of either 100 or 500

mg/kg 14C- benfluralin. Peak plasma levels for both sexes occurred at 5-10 hours in rats given 100 mg/kg and at
24 hours for rats given 500 mg/kg benfluralin. Average peak plasma concentrations were approximately 10 μg/ml
and 35 μg/ml for the 100 and 500 mg/kg groups, respectively. The notifier considers that these data confirmed that
benfluralin was systemically available to reach the bone marrow, a highly perfused tissue. The RMS considers that
it is questionable if the data from the pharmacokinetic study in Fischer 344 rats should be used as proof of
exposure of the bone morrow used of Sprague Dawley rats used in this study.

The study author argues that the study was conducted on males as there was no difference in toxicity between
males and females. It is however to be noted that the pharmacokinetics studies show that benfluralin is more
systemically available with a relatively longer half-live and higher residues in females than males.

The study author considers that the statistical significance at 500 and 2000 mg/kg bw/day was of no biological
relevance as all individual animal and group mean micronucleus frequencies fell within the laboratory's historical
vehicle control 95% reference range (Table B.6.4.2.2-3 ) and there was no evidence of a dose-related effect.
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To evaluate the biological significance of the findings, the RMS considers that more information is needed about
the HCD referred to (e.g. date of the study, housing and environmental conditions, diet, vehicle). Information
about how the 95% CI of the HCD was calculated. Due to the lack of this information RMS considers the study
results as equivocal.

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
It was stated that the available information (ADME studies) supports the exposure of the bone marrow and the
majority of the experts agreed to consider the study negative. Overall, it is concluded that benfluralin is not
genotoxic in the in vivo bone marrow micronucleus assay conducted with Batch 2228.
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CA 5.4.2/04
Report No.:

(2017b) Benfluralin Technical, Batch 2614: Rat Bone Marrow
Micronucleus Assay
, Report No. 8368605

Guideline:

OECD guideline 474 (2016)

GLP:

Yes

Reference:

Acceptability:
Previous evaluation:

Submitted to support a new specification

Material and methods:

Six male rats/dose [young adult out-bred Sprague Dawley ( :CD(SD] were
exposed to Benfluralin (purity 96.6%; B.n° 2614) dissolved in 0.5% w:v
methylcellulose, at the dose level of 0, 500, 1000 or 2000 mg/kg bw by gavage.
Positive control was obtained by treating 3 males with 20 mg/kg cyclophosphamide
(CP) dissolved in saline. Negative control was obtained by treating with the vehicle.
All doses were administered at a dose volume of 10 mL/kg.
The test article and vehicle control were given as two administrations, at 0 and 24
hours. The positive control was administered once only at 24 hours. All animals were
sampled at 48 hours.
After harvest of femural bone marrow in FBS and cell smearing, slides were
processed for acridine orange staining in order to distinguish polychromatic
erythrocytes (PCE) and mature cells. A minimum of 4000 PCE/animal/dose were
scored. The ratio of PCE to normochromatic erythrocytes (NCE) was calculated on
500 cells as an indication of bone marrow toxicity.
In a range finding study, 3 rats/sex received the test article at 2000 mg/kg b.w,
clinical signs and body weight were assessed up to and including 48 h post-dose.
Criteria for evaluation:
The test article was considered to induce clastogenic/aneugenic damage if:
1. A statistically significant increase in the frequency of MN PCE occurred at one or
more dose levels
2. The incidence and distribution of MN PCE exceeded the laboratory’s historical
vehicle control data
3. A dose-response trend in the proportion of MN PCE was observed.

Test material:

The test article was considered positive in this assay if all of the above criteria were
met. The test article was considered negative in this assay if none of the above
criteria were met and bone marrow exposure was confirmed.
Benfluralin
Purity 96.6%;
B.n° 2614

Results
Range finding study
Following administration of Benfluralin Technical, Batch 2228, at 2000 mg/kg bw/day, no clinical signs of
toxicity were observed in any animal and there was no notable impact on animal body weight. These data
confirmed that 2000 mg/kg bw/day (the recommended maximum dose level according to current regulatory
guidelines) was well tolerated by the animals and therefore selected as the maximum dose for the Main
Experiment. Two lower doses of 500 and 1000 mg/kg bw/day were also selected. As no difference in toxicity was
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observed between male and female animals in the Range-Finder Experiment, male animals only were used in the
Main Experiment.
Main study
No clinical signs of toxicity were observed in any animal following treatments with vehicle, benfluralin or the
positive control (CPA). No notable effect of treatment on body weights was observed. There was no evidence of
any test article-induced toxicity to the bonemarrow (no decrease in %PCE values compared to the vehicle control
group).
The vehicle control micronucleus frequency was comparable with the laboratory’s historical vehicle control
ranges. The positive control induced a statistically significant increase in the frequency of MN PCE that was
comparable with the laboratory’s historical control data. There was increase in micronucleus frequency in the
group treated with 2000 mg/kg bw when compared to concurrent vehicle control. This was however not
statistically significant.. The results are shown in table Table B.6.4.2.2-4

Table B.6.4.2.2-4: Benfluralin Technical, Batch 2614: Summary of Data

RMS comments and conclusion
The bone morrow exposure was not demonstrated in this study. The study author states that the notifier jugged
that this was not required as the proof of exposure is demonstrated in the pharmacokinetic study in Fischer 344
rats (

, 1988). In that study, male and female rats were given a single oral dose of either 100 or 500

mg/kg 14C- benfluralin. Peak plasma levels for both sexes occurred at 5-10 hours in rats given 100 mg/kg and at
24 hours for rats given 500 mg/kg benfluralin. Average peak plasma concentrations were approximately 10 μg/ml
and 35 μg/ml for the 100 and 500 mg/kg groups, respectively. The notifier considers that these data confirmed
benfluralin was systemically available to reach the bone marrow, a highly perfused tissue. The RMS considers that
it is questionable if the data from the pharmacokinetic study in Fischer 344 rats should be used as proof of
exposure of the bone morrow used of Sprague Dawley rats used in this study.

The study author argues that the study was conducted on males as there was no difference in toxicity between
males and females. It is however to be noted that the pharmacokinetics studies show that benfluralin is more
systemically available with a relatively longer half-live and higher residues in females than males.
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The study author concludes that all doses exhibited MN PCE frequencies that were similar to the concurrent
vehicle control group and that fell within the laboratory’s historical vehicle control 95% reference range.

To evaluate the biological significance of the findings and in particular the MN PCE frequencies at highest dose,
the RMS considers that more information is needed about the HCD referred to (e.g. date of the study, housing and
environmental conditions, diet, vehicle). Information about how the 95% CI of the HCD was calculated and the
type of trend test conducted to evaluate the statistical significance of the effect is also needed. Due to the lack of
this information RMS considers the study results as equivocal.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
It was stated that available information (ADME studies) support the exposure of the bone marrow and the majority
of the experts agreed to consider the study negative. Overall, it is concluded that benfluralin is not genotoxic in the
in vivo bone marrow micronucleus assay conducted with Batch 2614.
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B.6.4.3

In vivo studies in germ cells

DAR conclusion
No genotoxic activity was detected in somatic mammalian cells in-vivo. Hence, it is not necessary to conduct a
germ cell mutagenicity test.

RMS comments and conclusion
Overall it can be concluded that it is not clearly demonstrated that benfluralin is devoid of genotoxic potential in somatic cells
in vivo. Germ cell mutagenicity test may be necessary.
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B.6.5

Long-term toxicity and carcinogenicity

Summary
Table B.6.5 Summary of studies on long-term toxicity and carcinogenicity
Test substance Species
Dose
Effects at LOAEL
NOAEL
(Purity/batch) / Strain
levels
(ppm)
Route / Study
Sex
(ppm)
mg/kg
duration/
No./grou
bw/day
acceptability
p
Vehicle
Benfluralin
Rat
0, 1000,
(95.6%, X5000,
11424)
10000
Oral (dietary)
2 years
Not acceptable
Benfluralin
(95.8%,
ACD13683)
Oral (dietary)
2 years
Acceptable

Rat
CDF®(F344)
BR
60 M/F

0
10
100
2500
5000

Increase in liver cell
pigmentation, increase in
hyalin droplets in the
females, increase in
hepatocellular and thyroid
tumours

Benfluralin
(95,25%,
231EF4)
Oral (dietary)
2 years
Acceptable

Mouse
B6C3F1/
,
60 M/F

0
50
300
1500

Dog
(mongrel
s, not
purebred)
4 M/F

0; 5, 25
or 125
mg/kg
bw/day

Decrease in body weight
gain, at higher doses:
increase in ALT, increase in
liver weight, increase in
hepatocellular hyperplasia,
increase in hepatocellular
adenoma/carcinoma in the
females
-

Benfluralin
(95,6%,
X11424)
Oral (capsules)
2 years
Supplementary
M. male; F: female

LOAEL
(ppm)
mg/kg
bw/day

Reference

-

New data
for Annex
I renewal
Y/N

N
(1973)
Report No.
R-0295

toxicity:
(10)
0.5
carcinogenicity:
(100)
5.4
toxicity:
(50)
6
carcinogenicity:
(50)
6

toxicity:
(100)
5.4
carcinogenicity:
(2500)
136.3
toxicity:
(300)
36.4
carcinogenicity:
(300)
36.4

-

-

N
(1996)
Report No.

N
(1988b)
Report No.
M02785
and
M02786
N
(1972)
Report No.
D-92-65

The liver, the thyroid and the kidneys were the target organs after long-term administration of benfluralin to the
F344 rat. At the two highest doses (2500 and 5000 ppm), survival and body weight parameters were affected. Rats
were anaemic and showed clinical chemistry modifications consistent with liver and kidney impairment. Liver and
thyroid weights, but also adrenal and testes weights were increased.

At 100 ppm and above, kidney calculi were observed, which were believed to be the primary cause, both the
exacerbation of nephropathy (CPN) and of transitional cell hyperplasia, possibly leading to tubular cell adenoma
(males) at the top-dose. In addition, the increased incidence and severity of hyaline droplets at 100 ppm and above
was explained by the accumulation of α2µ-globulin, which was considered to be a characteristical feature of the
aging male rat. However, as the finding was also evident in the female rat, the relevance for the human was not
disregarded, and the chronic toxicity NOAEL was established on this basis. The effects in the liver included
hepatocellular pigmentation and centrilobular hypertrophy at 100 ppm and above, along with hepatocellular
necrosis and sinusoidal cell pigmentation at the highest doses. At these doses, the combined incidence of
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hepatocellular adenoma and carcinoma was high in the males. Thyroid lesions comprised an increase of follicular
hyperplasia and cysts at 2500 ppm and higher and follicular hypertrophy at the top-dose in both sexes. Thyroid
follicular cell adenoma and carcinoma were increased at 2500 ppm and higher. The notifier pointed out that the
tumours seen in the rat are not genotoxic in origin (as benfluralin was non genotoxic) and that, based on new
mechanistic data, the observed benfluralin-induced liver and thyroid tumours are caused by CAR- and UGTmediated mode of actions, respectively, both of which are not relevant to humans. However, RMS is of the
opinion that it has not been clearly demonstrated that benfluralin is devoid of genotoxic potential, (for further
details see section B.6.4) and that the mechanisms for benfluralin-induced liver and thyroid tumours are not
relevant for humans (for more details see section B.6.5.8 B.6.8.2). Therefore, the conclusion from the previous
evaluation (DAR, 2006) has not been changed, and the carcinogenicity NOAEL is still established on the
increased liver and thyroid tumour incidence in the next-higher dose. The carcinogenicity NOAEL in rats was also
discussed at the Pesticides Peer Review expert meeting 182. All experts agreed to set the carcinogenicity NOAEL
at 100 ppm (5.4 mg/kg bw per day), based on hepatocellular and thyroid tumours observed the next dose level
(2500 ppm – 136.3 mg/kg bw/day). At the top-dose, the incidence of Leydig cell tumours was slightly elevated,
but only in the 1 year sacrifice group. In addition, a slight increase of kidney adenoma was also apparent at the
top-dose. Noteworthy was also the increased sciatic nerve and concomitant skeletal muscle degeneration at the
top-dose. However, as no other brain or neural chord lesions were observed at any dose, the effect was attributed
to the extremely high toxicity rather than to a specific neuropathy.

In the mouse, body weight gain was markedly depressed at 300 ppm and above, but occasional decreases were
already observed at 50 ppm. The chronic toxicity NOAEL which during the previous evaluation (DAR, 2006) was
established at < 50 ppm, was discussed at a the PRAPeR Expert Meeting 34 (22 – 26 October 2007). The meeting
considered the findings on the body weight as doubtful and a toxicity NOAEL of 50 ppm (6 mg/kg bw/day) was
agreed for the mouse study, to which the RMS agrees.
Marginal perturbations of the erythron were noted at the top-dose, and were more marked at 1 year than at
termination. The target organs were the kidney and the liver. The mouse urologic syndrome was observed in all
treated male mice, but was most marked at the top-dose (BUN was modified at the two highest doses).
Hepatotoxicity occurred at 300 ppm and higher, and was supported by increased AP and ALT-activities, and
increased liver weights. At these doses, the livers showed a nodular aspect (females). Hepatocellular hyperplasia
was increased at 300 ppm (males) and above (males, females), and the combined incidence of adenoma or
carcinoma was raised at these doses. During the previous evaluation (DAR, 2006), the carcinogenicity NOAEL
was established at 300 ppm = 36.4 mg/kg bw/day, based on a comparison of the incidences of hepatocellular
adenoma and carcinoma with an in-house contemporary historical control incidence of liver neoplasia in the
females (based on studies conducted from 1980 onwards). To RMS opinion, the established carcinogenicity
NOAEL should be 50 ppm (6 mg/kg bw/day), taking into account the increased incidence at 50 and 300 ppm, the
statistically significant trend which was detected when the Peto’s survival adjusted trend test was applied
(p=0.018), as well as the appropriateness of the in-house control data. However, at the last Pesticides Peer Review
expert meeting 182 (3-7 September 2018), the majority of the experts concluded that the low dose level of 50 ppm
(corresponding to 6 mg/kg bw per day) should rather be considered as a LOAEL for carcinogenicity.
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In conclusion, liver and thyroid tumours were observed in the rat (along with a slight increase of kidney adenoma
and Leydig cell tumours). In the mouse, the combined incidence of hepatocellular adenoma/carcinoma was also
increased. There was insufficient evidence for a non-relevant mode of action for humans (reference to studies
conducted with the dinitroaniline analogues pendimethalin and trifluralin, and new mechanistic data). With respect
to the carcinogenicity, RMS therefore suggests that benfluralin should still be considered carcinogenic in the rat
liver and thyroid and in the mouse liver, until it has been clearly demonstrated that benfluralin is non-genotoxic
and acts via mechanisms considered to be of non-relevance for humans. It should be noted that it was concluded at
the PPR 182 expert meeting that benfluralin, with a technical specification limited to a level of 0.085 mg/kg for
the impurity EBNA, is unlikely to be genotoxic (for further details see section B.6.4).

Conclusions from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Regarding the long-term study in rats, all experts agreed to set the carcinogenic NOAEL at 5.4 mg/kg bw per day
based on hepatocellular and thyroid tumours at 136.3 mg/kg bw per day.
Regarding the long-term study in mice, the majority of experts agreed with a carcinogenic LOAEL at 6 mg/kg bw
per day based on hepatocellular carcinomas in females only.

The previous proposal for classification as Carc 2, H351, is maintained.

B.6.5.1 Rat
CA 5.5/01
Reference:

(1973) A study of the effects on rats from the
ingestion of benefin for two years
, Report No. R-0295

Report No.:
Guideline:

-

GLP:

No, study completed prior to implementation of GLP

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

25-26 rats/sex/dose (
) were fed a diet of Benfluralin at dose levels of 0, 1000,
5000 or 10000 ppm. No interim sacrifice was performed. Analytical verification and
compound stability not performed. Achieved test article intake was (approximation
by calculation): 50; 250 or 500 mg/kg bw/day. Haematology included Hct, Hb, RBC
on 3 months and 6 months (5 animals/sex), and 12 months (all animals); WBC and
diff. counts/cell morphology was investigated on 12 months only. PT was determined
on one half of the animals, and ALT+glucose on the other half on 12 months only.
Organ weights included liver, kidney, heart, spleen, thyroid, adrenals, prostate,
gonads and uterus. Histopathology was performed on these organs, and in addition
on skeletal muscle, gall bladder, pancreas, salivary glands, GIT, lymph nodes,
bladder, seminal vesicles, thymus and CNS.
benfluralin (referred to in report as ‘benefin’)

Test material:
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Purity: 95.6%
Batch No.: X-11424
Results
Mortality:
As shown in Table B.6.5.1-1 below, survival was impaired at 5000 ppm and above. In the report, it was stated that
the most common death cause was the frequent occurrence of chronic lung and kidney diseases. At termination,
the number of survivors were insufficient at 5000 ppm (males) and above (males, females) to evaluate most
endpoints in a meaningful way.

Table B.6.5.1-01 Benfluralin: survival rates following a two-year dietary administration
Sex
Dose
survival rate (%) over time (months)
(ppm)
0
12
18
21
Males
0
100
100
73
38
31
1000
100
92
68
52
32
5000
100
75
54
33
29
10000 100
96
65
23
15
Females 0
100
96
83
58
50
1000
100
100
88
48
44
5000
100
88
69
42
35
10000 100
83
46
13
4

22

24

23
16
25
4
33
36
31
0

(6)
(4)
(6)
(1)
(8)
(9)
(8)
(0)

Absolute numbers of survivors at termination between brackets.
Clinical signs: No record of clinical signs/behavioural changes or reactions to treatment was reported.

Food efficiency, body weight and body weight gain:
Body weight gain: was decreased by ≥10% from controls at 1000 ppm (females) and above (males, females) at
month 22. A clear dose-dependent trend was observed from the lowest dose. At the top-dose, the decreases were
estimated to be as high as 30% (males) and 70% (females) of control values on month 22.

Food consumption:
Not performed

Ophthalmology:
Not reported.

Haematology:
As shown in table B.6.5.1-2 below, slight reductions in hematological parameters were observed at the top-dose at
3 or 6 months, the effects being more prominent in the females. At 5000 ppm, the effects were not consistent with
those at the top-dose.

Table B.6.5.1-02 Benfluralin: hematology following a two-year dietary administration
Sex
Dose
Haemoglobin (g/100 mL)
Haematocrit (%)
Red blood cell count (× 106)
(ppm)
3 mo
6 mo
24 mo
3 mo
6 mo
24 mo
3 mo
6 mo
24 mo
Males
0
15.5
16.3
12.8
47.4
50.4
45.4
7.67
8.04
7.53
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Sex

Dose
Haemoglobin (g/100 mL)
Haematocrit (%)
(ppm)
3 mo
6 mo
24 mo
3 mo
6 mo
24 mo
1000
15.3
16.2
13.9
48.6
50.2
45.8
5000
14.2** 15.0* 12.9
46.4
46.6*
45.0
10000 14.1** 15.6
14.2*
48.4
48.3
45.0*
Females 0
15.2
15.6
13.7
46.6
47.6
46.0
1000
14.8
15.6
12.4
46.6
47.8
41.6
5000
15.0
14.4* 13.4
47.0
44.4
45.5
10000 13.1** 14.1** --42.0*
45.0
--Mo = Months after initiation of dosing
*
Significantly different from control, p < 0.05 (Dunnett’s t test)
**
Significantly different from control, p < 0.01 (Dunnett’s t test)
--No survivors

Red blood cell count (× 106)
3 mo
6 mo
24 mo

7.94
7.36
7.53
7.57
7.45
7.71
7.10*

8.52
7.93
7.47
7.79
7.74
8.47
7.96

7.74
7.85
8.42*
7.16
6.90
8.05
---

Clinical chemistry:
ALT and glucose was low in the top-dose survivor (male); at the other doses, the effect was unremarkable

Urinalysis:
Not reported.

Organ weights:
There were a few organ weight changes that were significantly different from controls: increased relative liver
weight in both sexes dosed at 5000 ppm; increased thyroid weight for females dosed at 5000 ppm; increased testes
weight for males dosed at 5000 ppm and increased uterus/ovary weights for females in the same group. The
increased liver weight at 1000 ppm and above was consistent with the changes observed in the 90d study (
1966). Thyroid weight was also high at 5000 ppm, and may also be substance-related, as the effect was also
observed in the subchronic study at the top-dose.
Gross pathology and histopathology:
Thymus atrophy was observed throughout the dose groups, but the incidence was not dose-related and there was
not always a concordance between necropsy findings and histopathology. In addition, renal and lung changes were
frequently observed, but no relation to treatment could be made. The findings were associated with chronic
inflammatory changes. Thyroid cystadenoma or papillary adenoma was observed in one female (1000 ppm) one
male (5000 ppm) and 3 males (10000 ppm); the adenocarcinoma (1 female, 1000 ppm) and papillary carcinoma (1
male, 5000 ppm) could not be attributed to test article intake. Fatty liver metamorphosis (slight or very slight) was
observed at all doses in both the males (2/5/5/1) and the females (3/3/3/2), and was in line with the organ
gravimetric findings. Except for 2 cases of pyometra at 5000 ppm and one at the top-dose, explaining the altered
uterine weights, no other uterine finding was reported. Treatment-related histopathologic findings in the gonads
were absent.

DAR Conclusion
Protocol not in compliance with test methods B.33 of directive 88/302/EEC.
Deviations from protocol:
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(i)

no measurement of food consumption, no ophthalmology, clinical signs not reported; graphs but no data

on bw;
(ii)

limited haematology and clinical chemistry and no urinalysis investigation;

(iii)

mostly, survival was only acceptable (about 50%) up to and including 18 mo in all treated animals and in

the control ♂;
(iv)

no histopathology on parathyroid, brain/hypophyse, trachea, oesophagus, skin, bone marrow, aorta, eyes

The study is not accepted.

Conclusion: It was not possible to establish a dose without effects in this study. Due to the limitations of the test
protocol and/or data report, no decisions could be drawn upon the carcinogenic endpoints.

RMS comments and conclusions
This study was performed before any relevant guidelines were released, and does not fulfill the current data
requirements of the OECD Test Guideline 453 (7 September 2009). Furthermore, GLP was not compulsory when
the study was performed. The study is not accepted due to insufficient numbers of survivors at termination at the
dose level of 5000 ppm (males) and above (males, females).
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CA 5.5/02
Reference:

(1996) Benefin: Two year dietary chronic toxicity/oncogenicity study
in Fischer 344 rats

Report No.:

, Report No.

Guideline:

OECD TG 453 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

60 rats/sex/dose (CDF®(F-344)
BR) were fed a diet of benfluralin at dose levels
of 10, 100, 2500 or 5000 ppm. On week 52, 10 rats/sex/dose were sacrificed.
Analytical verification revealed dose levels being in expected ranges of nominal
values during the whole treatment period. Compound stability and homogeneity in
the diet proved to be satisfactory, and fresh diets were prepared weekly. Achieved
test article intake (estimation by calculation): 0.5; 5.0; 125 or 250 mg/kg bw/day.
Overall test article intake was males: 0.5; 5.4; 136.3 or 274.8 mg/kg bw/day, and
females: 0.7; 6.8; 167.9 or 331.3 mg/kg bw/day.
benfluralin (referred to in report as ‘benefin’)
Purity: 95.8%
Batch No.: ACD13683

Test material:

Results
Mortality:
Significantly reduced survival rates were apparent in the males at 100 ppm and higher, and signs of poor
antemortem condition including hunched posture, thin appearance, prostration or entire body paleness were noted
more frequently (at the two highest doses, the onset of death was more rapid than at the lowest doses). Survival in
the females was not dose-dependently affected. The majority of deaths was associated with haematopoietic or
pituitary neoplasms, but in decedents, there was no apparent relationship of tumour prevalence with the treatment.

Table B.6.5.1-03. Survival rates of rats following a two-year dietary administration of benfluralin (
, 1996)
Dose
survival rate (%) over time (months)
(ppm)
Males
Females
Week 52
Week 104
Week 52
Week 104
0
100
81
98
72
10
100
84
100
82
100
100
62*
100
74
2500
98
66*
100
92*
5000
100
64*
100
82
*p<0.05

Clinical signs:
At 2500 ppm and above, effects on skin/pelage in the females (alopecia, discoloration), and urine stains in both
sexes were observed. At the highest doses, a slight increase of swollen appearances of the scrotum was also noted.

Food consumption, body weight and body weight gain:
Food consumption and body weight was consistently lowered at 2500 ppm (females) and above (males, females)
throughout the study period, and was more marked in the females. Body weight changes were more markedly
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decreased during the second half of the study in these dose groups. For the whole treatment period, significant
decreases in body weigth gain compared to controls amounted to 15% (males) and 32% (females) at 2500 ppm,
and to 30% (males) and 50% (females) at the top-dose. Food efficiency was marginally lowered at the doses
where body weight effects were affected, but data were only present for the first 3 months of treatment.

Ophthalmology:
There was an increased incidence of rats showing a yellow/orange hue in the internal eye structures (raw data not
provided) at 2500 ppm and above (interpreted as the presence of test substance; according to the notifier, the
yellow hue was unlikely to represent a clinical sign of icterus, as bilirubin levels were not excessively high). At
the top-dose, slightly more rats showed cataract (females) or cloudy cornea (often associated with
neovascularisation). The notifier stressed that the effects were secondary to the presence of corneal dystrophy at
pre-dose stage (the lesion being a common in F344 rats).

Haematology:
The relative changes in haematological parameters in non-exposed versus exposed animals is provided in table
Table B.6.3.2.1-04 below. At 2500 ppm and above, red blood cell parameters were decreased in both the males
and the females. As Hct and Hb decrease was slightly of greater magnitude than the drop in RBC number, it was
suggested that rats suffered a slight microcytic anaemia. The etiology of it was unclear, as the finding could be
related to the general underfeeding status of animals. The thrombocytosis at the highest dose was considered
treatment-related. The occasional excursions observed at 100 ppm on wk 26 or 52 were of low magnitude and
considered irrelevant. Other parameters were unaffected, or the changes considered toxicologically insignificant in
the absence of proper dose-responsiveness.

The report further stated (differential counts, data not shown) that increased incidences of echinocytes appeared at
100 ppm (males) and above (males, females) on wk 26, and at 2500 ppm and above (females) on wk 52 and 104,
and the effect was considered a blood smear artefact by the authors. Finally, the increased incidence of
anisocytosis in the top-dose animals on wk 26, and of polychromasia (presence of reticulocytes, indicative of a
slight regenerative anaemia) in the males at 2500 ppm and the top-dose on wk 78 were considered substancerelated.
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Table B.6.5.1-04 Haematology of rats following a two-year dietary administration of benfluralin (
Dose (ppm)
0
♂
RBC

Hb

10
♀

♂

100
♀

2500
♂

♀

♂

♀

7%*

10%*

8%*

12%*

wk 52

7%*
-

8%*

9%*

10%*

wk 78

8%*

11%*

wk 104

-

5%*

11%*
-

9%*

11%*

10%*

15%*

9%*

11%*

13%*

15%*

11%*

15%*

16%*

wk 104

8%*
-

11%*

11%*

13%*

wk 26

10%*

12%*

11%*

15%*

wk 52

11%*

13%*

14%*

17%*

wk 78

8%*
-

13%*

16%*

18%*

9%*

10%

12%*

-

wk 52

♀

4%*
-

wk 78
Hct

wk 104
Plt

5000

wk 26

wk 26

♂

, 1996)

7%*

wk 26

7%*

-

14%*

14%*

24%*

20%*

wk 52

5%

-

16%*

7%*

23%*

11%*

wk 78

10%

5%

11%

21%*

wk 104

17%

18%

22%

31%*

Statistically significant modification, Dunnett's t-test *p<0.05

Clinical chemistry:
A summary of selected clinical chemistry findings is provided in table table B.6.5.1-05, below. The increased
levels of urea nitrogen and creatinin at 2500 ppm and above were indicative of the nephropathy observed at these
doses. The elevated cholesterol levels illustrated either the effect on the kidney and/or on the liver. Further
indication of hepatotoxicity was found in the increased total bilirubin values. On the contrary, the lowered alkaline
phosphatase and transaminase activities were interpreted as a changed liver metabolism pattern, as liver toxicity
would be expected to be accompanied by a rise rather than a decrease of these enzymes. The increased levels of
total proteins, more particularly albumin and globulin, were partly explained by the slight dehydrated status of the
animals at the high doses (based upon the observed urine hypervolemia and decreased urine density). As the
globulin level was more strongly altered than the albumin level (reflected by the increased A/G ratio), the effect
was possibly explained by liver or kidney malfunction. The elevated calcium levels at the highest dose were not
dose-related, and probably due to the dosing technique (related to the high albumin levels).
The other excursions from control values (triglycerides, Na, K, and Cl) were devoid of dose-responsiveness, of
low magnitude or inconsistent in time, and thus considered fortuitous.
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Table B.6.5.1-05. Summary of selected clinical chemistry findings in rats following a two-year dietary administration of
benfluralin (
, 1996)
Males
Females
Clinical
Week
Week
chemistry
26
52
78
104
26
52
78
104
Dose
Dose
parameter
(ppm)
(ppm)
0
14
15
15
18
0
14
16
16
15
10
14
15
15
17
10
15
15
16
16
Blood urea
100
14
15
15
17
100
14
15
16
18
nitrogen
2500
17*
17*
19
33*
2500
17*
19*
19*
21*
5000
17*
19*
23*
37*
5000
20*
20*
22*
27*
0
0.6
0.4
0.6
0.7
0
0.7
0.5
0.7
0.6
10
0.6
0.4
0.6
0.7
10
0.7
0.4
0.7
0.6
100
0.7*
0.3
0.6
0.7
100
0.6
0.4
0.6
0.6
Creatinine
2500
0.7*
0.5*
0.8*
0.8*
2500
0.7
0.5
0.7*
0.7*
5000
0.7*
0.5*
0.8*
0.8
5000
0.7*
0.5
0.8*
0.7*
0
62
83
112
162
0
101
124
128
141
10
66
91
118
152
10
98
125
135
137
Total
100
61
88
124
154
100
110
123
131
145
cholesterol
2500
95*
116*
134
119
2500
158*
194*
187*
182*
5000
112*
131*
132
171
5000
185*
207*
234*
284*
0
6.7
7.0
6.6
6.6
0
7.4
7.5
7.6
7.2
10
7.2
7.0
6.8
6.8
10
7.2
7.5
7.7
7.3
100
7.1
7.0
6.9
6.7
100
7.4
7.5
7.5
7.4
Total protein
2500
7.6*
7.5*
7.4*
6.9
2500
7.8*
8.1*
8.3*
7.9*
5000
7.8*
7.7*
7.2*
6.9
5000
8.2*
8.3*
8.6*
7.8*
0
4.4
4.8
4.3
4.0
0
5.0
5.4
5.5
5.1
10
4.7
4.7
4.4
4.1
10
4.9
5.4
5.5
5.1
100
4.7
4.7
4.4
4.0
100
5.1
5.4
5.3
5.1
Albumin
2500
4.9*
5.1*
4.6
4.0
2500
5.2
5.7*
5.8
5.2
5000
5.1*
5.2*
4.4
4.0
5000
5.3*
5.7*
5.9*
4.8
0
2.3
2.2
2.3
2.6
0
2.4
2.1
2.1
2.2
10
2.5
2.3
2.4
2.7
10
2.3
2.1
2.2
2.3
100
2.5
2.3
2.4
2.7
100
2.3
2.0
2.2
2.2
Globulin
2500
2.7*
2.4*
2.8*
2.9
2500
2.6*
2.4*
2.5*
2.7*
5000
2.7*
2.5*
2.8*
3.0
5000
2.8*
2.6*
2.7*
3.0*
0
72
89
74
94
0
56
53
53
72
10
71
85
72
66
10
51
5
51
78
Alkaline
100
70
84
74
61
100
48
50
59
99
phosphatase
2500
63
67*
68
71
2500
48
45
42
46
5000
56*
58*
86
61*
5000
49
42*
35*
55
0
75
83
66
71
0
50
52
57
58
10
64
74
59
52
10
45
58
58
58
Alanine
aminotransfer
100
61
62*
52
49
100
47
44*
60
95
2500
40*
47*
41
59
2500
37*
42*
47
45*
ase
5000
40*
47*
38*
60
5000
33*
36*
39*
45*
0
110
109
111
183
0
86
81
78
85
10
92
95
90
87
10
81
86
84
113
Aspartate
aminotransfer
100
88
89*
78
73*
100
85
74
87
186
2500
70*
72*
70
128
2500
73*
65*
86
70
ase
5000
69*
66*
72
101
5000
70*
65*
62*
58*
* p < 0.05

Urinalysis:
Males, treated at 2500 ppm and above, showed a slightly decreased urine specific gravity (-1%) from wk 52 on
(although absolute values were also slightly higher on wk 52, 78 and 104 than on wk 26). The report further stated
(data not provided) that urine volume was high at 2500 ppm and above at most time-points. Further, the reports
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states an increased incidence of hyaline casts (indicating protein loss through the glomeruli) or fine granular casts
(cell casts that have arisen in the renal tubules) in the high-dose animals on wk 52. The effects showed no clear
time-dependency, as no consistent findings were observed on either wk 78 or wk 104. The darker appearance of
the urine at the high doses was merely related to excreted test article and/or metabolites (also observed in other
studies), as urine concentration would be incompatible with the observed hypervolemia. The urinalysis findings
were considered treatment-related, in the view of the effects on the kidney (chronic progressive nephropathy,
CPN).

Organ weights:
An overview of selected organ weights is provided in table table B.6.5.1-06, below. Dose-related increased liver
weights (males, females) and adrenal weights (females) at 2500 ppm and higher were observed both at the interim
and terminal sacrifice, while thyroid weight increase was obvious at interim sacrifice (the changes at termination
were without statistical significance and not dose-related, but given the observed lesions were not dismissed). The
relevance of the increased adrenal weights at 52 and 104 weeks was unclear, as the incidence of adrenal lesions
observed in these dose-groups were not particularly elevated. The increased testes weight (terminal kill animals of
groups dosed at 2500 or 5000 ppm) was confirmed at necropsy (enlarged appearance). However, it was
remarkable that the incidence of histological lesions in the animals treated during two years was not higher than
that in the controls (an increased incidence of Leydig cell tumours was observed after one year).

The increases at 2500 ppm and/or 5000 ppm in other organs were either restricted to organ-to-body weight, with
no effect on absolute value (heart, kidney), or accompanied by decreased absolute weight (brain), and thus related
to terminal body weight losses.
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Table B.6.5.1-06. Selected organ weights of rats at interim and terminal sacrifice points
administration of benfluralin (
, 1996)
Liver
Thyroid
Sex and
Final
Organ:
Organ:
Organ: Organ:
Dose
Organ
Organ
sacrifice
body
body
brain
body
brain
(PPM)
weight
weight
point
weight
weight weight
weight
weight
(g)
(g)
ratio
ratio
ratio
ratio
Males
0
348.3
8.63
2.481
4.455
0.025
0.0071
0.0127
10
360.7
8.97
2.485
4.612
0.025
0.0069
0.0128
9.07
2.477
4.676
0.026
0.0070
0.0133
Interim
100
366.3
10.93* 3.166*
5.659* 0.029* 0.0084* 0.0150*
2500
345.9
13.33* 3.869*
7.053* 0.032* 0.0092* 0.0167*
5000
344.0
0
324.8
10.08
3.136
4.970
0.034
0.0106
0.0170
10
334.1
9.98
3.014
4.953
0.033
0.0101
0.0164
Ter10.44
3.073
5.186
0.035
0.0105
0.0177
100
341.4*
mination
12.04* 4.050*
6.157*
0.053
0.0176
0.0275
2500
296.9*
12.81* 4.840*
6.776*
0.046
0.0173
0.0244
5000
264.5*
Females
0
193.5
5.13
2.654
2.850
0.019
10
186.9
5.06
2.707
2.878
0.020
Interim
5.20
2.768
2.876
0.021
100
187.9
6.84*
3.953*
3.830*
0.022
2500
172.9
7.81*
4.721*
4.549*
0.025*
5000
165.6*
0
222.4
6.40
2.885
3.436
0.041
10
224.7
6.34
2.829
3.597
0028
Ter6.47
2.891
3.618
0.024
100
224.7
mination
7.79*
4.343*
4.491*
0.045
2500
179.5*
9.18*
5.888*
5.303*
0.038
5000
156.2*
* p < 0.05, values statistically significantly different from control.

following a two-year dietary

Organ
weight
(g)

Adrenal
Organ: Organ:
body
brain
weight
weight
ratio
ratio

0.049
0.051
0.055
0.056
0.055

0.0142
0.0142
0.0150
0.0162
0.0160

0.0255
0.0262
0.0281
0.0291
0.0292

0.069
0.070
0.086
0.081*
0.093*

0.0213
0.0212
0.0251
0.0275*
0.0352*

0.0339
0.0348
0.0431
0.0414*
0.0502*

0.0101
0.0105
0.0111
0.0127*
0.0151*

0.0108
0.0112
0.0115
0.0123
0.0146*

0.050
0.058
0.050
0.065*
0.066*

0.0263
0.0309
0.0269
0.0377*
0.0398*

0.0280
0.0328
0.0278
0.0364*
0.0383*

0.0182
0.0128
0.0105
0.0257*
0.0243*

0.0219
0.0164
0.0132
0.0270
00216

0.065
0.067
0.101
0.072
0.074

0.0295
0.0302
0.0469
0.0405*
0.0477*

0.0352
0.0381
0.0586
0.0419*
0.0438*

Gross pathology and histopathology:
At necropsy, gross necropsy lesions were observed at 2500 ppm and higher, and were essentially confined to the
liver and the kidney. The effects in lung (pale area), stomach (dark area), testis (enlarged), uterus (cysts) and ovary
(cysts) were corroborated by histopathological findings (see below). Adipose tissue of animals at the highest doselevels (2500 and 5000 ppm) was dark (yellow discolored) in appearance, but no histological data were available to
confirm the finding, and it was probably due to substance accumulation.

Histopathology:

Non-neoplastic findings

An overview of histopathological changes identified and considered attributable to treatment with benfluralin is
given in table B.6.5.1-6, below. Administration of benfluralin for up to 104 weeks was associated with various
histopathological changes, primarily among rats dosed 2500 ppm and above with some effects extending to
animals dosed 100 ppm.
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Thyroid
Diffuse follicular hypertrophy of the thyroid was increased at the top-dose (which was in line with the observed
thyroid weight increase) and follicular hyperplasia was increased at 2500 ppm and above. The latter was
considered a first stage of the neoplastic changes described below.

Liver
In the liver, the incidence of centrilobular to diffuse hypertrophy increased at 100 ppm (wk 52) and above (wk
104). The lesions showed a dose-dependent increase in both incidence and severity. Pigment deposition was
obvious in the liver cells at 100 ppm (females) and above (males, females), and could be a reflection of the
observed subtle haematological changes. The pigment appeared granular and was yellowish-brown, possibly
indicating haemosiderosis (although the nature of the pigment was not demonstrated), and the severity of the
finding was dose-dependently increased. In the liver sinusoidal cells, the incidence of this pigmentation was
increased in the top-dose males, at termination. Further evidence of hepatotoxicity on week 104 was given by the
increased incidence of individual cell necrosis, occasionaly with areas of coagulation necrosis at 100 ppm
(females) and above. At the top-dose, male animals showed an increased incidence of spongiosis hepatis,
hepatocyte vacuolisation and foci of chronic active inflammation, in addition. In the females, the incidence of
chronic bile duct inflammation was high at 2500 ppm and 5000 ppm.

Kidney
The incidence of chronic progressive nephropathy (CPN) of the kidney and concomitant tubular cell pigmentation
was similar among all groups, but the severity of the lesions increased clearly with the dose, both at the interim
sacrifice and at the final sacrifice. At 100 ppm and above, an increased incidence of karyomegaly and hyaline
droplets (generally associated with lysosomic overflow of protein breakdown products) were observed in the renal
tubule lining cells. The majority of the animals with transitional cell hyperplasia of the renal papilla (increased
from 100 ppm onwards) also exhibited large pelvic calculi (the latter being the cause of hyperplasia). In addition,
the males also showed free pelvic calculi or small calculi in the pelvic epithelium. In contrast, the incidence of
small pelvic epithelium calculi only was higher in male animals of the control group, and of the low- and mid-dose
group. The emergence of CPN in elderly Fisher rat is a well-known age-dependent degenerative finding,
especially in the males. The increased incidence in the females, as well as the increase in degree of severity with
the dose underpins the relationship with the treatment, considered to exacerbate the normal occurrence in ageing
rats. In the 90d subchronic oral study, it was demonstrated that the hyalin droplets corresponded
immunocytochemically to α2µ-globulin in the males, which is rat-specific. As in the long-term study, also female
rats exhibited hyalin droplets, the involvement of another mechanism was not excluded, however.

Other findings
Another major finding was a dose-dependent increase in incidence and of severity of sciatic nerve degeneration
and concomitant skeletal nerve degeneration at 2500 ppm and higher. Muscle degeneration was characterised by
slightly atrophic fibers with prominent sarcolemmal nuclei. Sciatic nerve fibers showed also prominent nuclei. In
addition, infiltration of foamy lipid laden macrophages, along with occasional cholesterol clefts in the intramyelin
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spaces was observed. The relevance of the sciatic nerve degeneration was discussed at the PRAPeR Expert
Meeting 34 (22 – 26 October 2007), which considered the effects of sciatic nerve degeneration not relevant. No
clear mode of action for the sciatic nerve degeneration was provided and it was pointed out that the effects were
only observed at the high dose levels at the end of treatment, and associated with high systemic toxicity.
Furthermore, the finding was linked to aged rats only, and was not seen e.g. in the dog study. It was also pointed
out that in general the active substance is not considered a neurotoxin.

Finally, an increase in degree of severity (not of incidence) in the pigmentation of the nasal turbinates (submucosal
area of the olfactory region) was observed at 2500 ppm and higher. Other findings included an increased incidence
of pulmonary chronic inflammation, of congestion of the abdominal cavity, and of erosio/ulcer of the glandular
stomach (accompanied occasionally by mineralisation) at 2500 ppm and higher. At the top-dose, uterus cyst
incidence was slightly elevated compared to controls, and 4/50 females also showed follicular cysts, which was
slightly higher than the control incidence (1/49).
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Table B.6.5.1-07 Selected non-neoplastic findings in rats following a two-year dietary administration of benfluralin
(
, 1996)

Dose (ppm)

0

THYROIDS
follicular cyst
follicular cell hypertrophy
follicular cell hyperplasia
LIVER
centrilobular/diffuse hypertrophy
mean severity grade
hepatocellular pigmentation
mean severity grade
sinusoidal cell pigmentation
mean severity grade
hepatocellular necrosis
mean severity grade
KIDNEY
chronic progressive nephropathy (CPN)

♀
10
50

♂
10
50

♀
10
50

♂
10
50

♀
10
50

♂

♀

52
104

♂
10
50

10
50

10
50

52
104
52
104
104

1
8
0
0
1

0
4
0
0
0

2
4
0
0
1

0
2
0
0
0

0
5
0
0
0

0
4
0
0
1

1
11
1
0
3

0
12
0
0
2

2
10
7
0
3

2
7
4
3
4

52
104

0
0
0
0
0
0
2
0.2
2
0.1

0
1
0
0
5
0.1
7
0.3
5
0.2

0
2
0
0
0
0
2
0.1
6
0.5

0
1
0
0
6
0.1
5
0.4
7
0.2

0
3
0.1
0
0
0
5
0.2
5
0.2

0
6
0.1
0
24
0.4
6
0.5
11
0.6

10
27
0.9
3
18
0.1
2
0.1
15
0.6

0
34
0.6
10
44
1.2
2
0.2
5
1.2

10
31
1.1
9
30
0.4
12
0.4
27
0.7

10
42
1.3
10
41
1.2
3
0.1
9
0.6

10
48
2.2
0
10
0.3
0
1
0
0
0
0
0
3
19
0
0
1
0
3
13
0
48
4

2
44
1.0
0
5
0.1
0
0
0
0
0
0
0
6
45
0
0
0
0.1
0
7
0

9
50
2.2
0
9
0.2
0
2
0
0
0
0
0
1
24
2
0.4
2
0
1
7
0
8
3

2
47
1.1
0
12
0.2
0
0
0
0
0
0
0
7
38
1
0
0
0
0
11
0

10
39
2.3
10
33
1.0
0
25
0.4
0
4
0.1
0
4
26
0
0
0
0
0
8
0
20
4

2
44
1.1
10
47
1.3
0
1
0
0
1
0
3
8
46
0
0
0
0
1
11
0

10
49
2.6
10
43
1.4
10
50
1.6
0
49
1.7
2
37
42
26
0.2
33
0.7
2
10
6
28
11

3
49
1.6
10
49
2.2
10
49
1.5
0
41
1.1
3
20
48
26
0
32
0.6
2
33
3

10
50
2.6
10
48
1.7
10
49
1.8
2
50
2.3
2
47
48
30
0.7
35
0.9
4
20
7
50
10

7
49
2.5
10
47
2.0
10
49
1.7
7
47
1.8
7
26
41
41
0.8
44
1.1
3
37
2

52
104
104
104
104
104
52
104
52
104

mean severity grade
tubule cell karyomegaly
mean severity grade
transitional cell hyperplasia
mean severity grade

5000

♀
10
50

mean severity grade
hyaline droplets

2500

♂
10
50

week
N° of animals examined

100

10

52
104
52
104

52
104
104
free renal pelvic calculus
104
SCIATIC NERVE: degeneration
104
mean severity grade
104
SKELETAL MUSCLE: degeneration
104
mean severity grade
52
LUNG: chronic inflammation
104
52
ABDOMINAL CAVITY congestion
104
STOMACH
n° examined
104
erosion/ulcer
104
50
20
28
19
49
UTERUS
n° examined
104
6
3
5
2
endometrial cyst
14
Incidence on 10 (wk 52) or on 50 (wk 104, including deaths on test or unscheduled sacrifices), except mentioned otherwise; the
severity grade of findings are mean values of observations in all animals (n=60), except stated otherwise; Statistically
significant modification, Fisher-Irwin exact test *p<0.05.
large pelvis calculus

Neoplastic findings

An overview of histopathological changes identified and considered attributable to treatment with benfluralin is
given in table B.6.5.1-08, below.
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Thyroid
A clear dose-related increase of thyroid tumours was recorded on study conclusion at 2500 ppm and higher. The
finding was supported by the increased occurrence of focal hyperplasia at these doses. A significant trend was
demonstrated for the males (adenoma) and for the males and females (combined neoplastic incidence).

Liver
In the liver, both benign and malignant tumours occurred at 2500 ppm and higher. The combined incidence was
increased in a dose-related way and statistical significance was attained at the top-dose.

Kidney
Two top-dose males showed tubule cell adenoma of the kidney, which was considered secondary to the observed
CPN and associated tubule cell hyperplasia. The presence of renal calculi (mineral deposits, associated with low
water-soluble urinary metabolites) could cause a persistent irritation, resulting in an exacerbation of the
glomerulonephritis, enhanced hyperplasia, and ultimately progressing to transitional cell carcinoma of the pelvic
urothelium membrane.

Other findings
At the top-dose, interstitial cell tumour incidence was raised at interim kill. However, at termination the incidence
was not markedly higher than the concurrent incidence in the controls. Overall, the incidence in all animals was
52/60 (87%), which was slightly above the control value of 45/60 (75%).

The slightly increased incidences of malignant granulosa/theca cell tumours in the ovary (3/14) and uterus
carcinoma (4/12) at 2500 ppm was hardly compound-related, as the incidence was not elevated at the top-dose
(1/50 for the ovary tumours, and 2/49 for the uterine tumours). A significant trend (p<0.05, males) was observed
for the incidence of haematopoietic neoplasia in the kidney, although the dose-effect relationship was limited
(1/1/1/7/4). Haematopoietic neoplasia was reported in other organs, but the incidence was evenly distributed
among dose-groups, suggesting that the finding in the kidney was fortuitous.
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Table B.6.5.1-08. Selected neoplastic findings of rats following a two-year dietary administration of benfluralin (
1996)

Dose (ppm)

week

THYROIDS
follicular cell adenomab
α

follicular cell carcinomam
combined adenoma+carcinoma
LIVER
hepatocellular adenomab

2500

5000

♀
10
50

♂
10
50

♀
10
50

♂
10
48

♀
10
50

♂
10
50

♀
10
50

♂

♀

10
50

10
50

52
104
52
104

0
1
0
0
1

0
0
0
0
2

0
1
0
0
1

0
0
0
0
0

0
1
0
0
1

0
0
0
1
2

0
3
1
4
8*

1
3
0
2
4

1
5
0
3
9*

0
2
0
2
4

52
104
104

0
1
1
2

0
2
0
2

0
2
0
2

0
0
0
0

0
1
0
1

0
1
0
1

1
3
2
6

0
1
0
1

0
9*
2
11*

0
2
0
2

β

hepatocellular carcinomam
combined adenoma+carcinoma
KIDNEY
tubule cell adenoma
TESTES
n° examined

100

10

♂
10
48

52
104

N° of animals examined

0

,

104
0
0
0
0
0
0
0
0
0
2
52
10
10
10
10
10
104
48
49
45
50
50
52
1
0
0
0
interstitial cell tumourb
4
104
44
49
45
47
48
Incidence on 10 (wk 52) or on 50 (wk 104, including deaths on test and unscheduled sacrifices); m: malignant, b: benign;
Statistically significant modification, Fisher-Irwin exact test *p<0.05; significant (p<0.05) trend for ♂ (α) and for ♂+♀(β)

DAR Conclusion
Benfluralin should be considered carcinogenic in the rat liver and thyroid by a mechanism which was not
elucidated.
toxicity :

NOAEL= 10 ppm = 0.5 mg/kg bw/d
LOAEL=

100 ppm = 5.4 mg/kg bw/d

(based on ↑liver cell pigmentation, ↑hyalin droplets

in the ♀)
carcinogenicity: NOAEL= 100 ppm =

5.4 mg/kg bw/d

LOAEL= 2500 ppm = 136.3 mg/kg bw/d (based on ↑liver and thyroid tumours)

RMS comments and conclusions
The study is acceptable. The study follows OECD TG 453 (7 September 2009) except from the following
deviations:
(i)

variation of weight at start slightly >20% (males);

(ii)

no summary data for ophthalmology and urinalysis (only density)

The treatment of F344 rats with Benfluralin for two years resulted in adverse effects at 100 ppm and higher, and
consequently the toxicity NOAEL was established at 10 ppm = 0.5 mg/kg bw/day, to which the RMS agrees.
RMS also agrees to the carcinogenicity NOAEL established at 100 ppm = 5.4 mg/kg bw/day, based on the
increase in combined incidence of adenoma and carcinoma in the liver and thyroids at higher doses. At the
Pesticides Peer Review expert meeting 182 (3-7 September 2018), the experts agreed with the RMS proposal to
set the carcinogenic NOAEL at 5.4 mg/kg/bw/day. Notably, also an increased incidence of Leydig cell tumours
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was detected at the top dose, albeit only in the 1-year sacrifice group. To what extent a possible increased
incidence of Leydig cell tumours in the 2 year sacrifice group was masked by the significantly reduced survival
rates, may be questioned.

With respect to carcinogenicity, the previous evaluation (DAR, 2006) concluded that Benfluralin should be
considered carcinogenic in the rat liver and thyroid by a mechanism which was not elucidated. The notifier has
pointed out that the tumours seen in the rat are not genotoxic in origin (as benfluralin was non genotoxic) and that,
based on new mechanistic data, the observed benfluralin-induced liver and thyroid tumours are caused by CARand UGT-mediated mode of actions, respectively, both of which are not relevant to humans (for more details see
section B.6.5.8 B.6.8.2). Consequently, according to the notifier, the observed tumours need not be taken into
account in the NOAEL derivation for the human health risk assessment. However, RMS is of the opinion that it
has not been clearly demonstrated that benfluralin is devoid of genotoxic potential, (for further details see section
B.6.4) and that the mechanisms for benfluralin-induced liver and thyroid tumours are not relevant for humans (for
more details see section B.6.5.8 B.6.8.2). It should be noted that it was concluded at the PPR 182 expert meeting
that benfluralin, with a technical specification limited to a level of 0.085 mg/kg for the impurity EBNA, is unlikely
to be genotoxic (for further details see section B.6.4).

The notifier has also pointed out that benfluralin caused liver and thyroid tumours in rats at doses above a MTD
and that the thyroid tumours in male rats are not relevant to humans, due to the absence of a high-affinity plasma
protein for binding thyroid hormones in the blood of rodents. Furthermore, the notifier refers to studies conducted
with the dinitroaniline analogues pendimethalin and trifluralin, in which thyroid tumours were seen. According to
the notifier, the effects observed from various studies conducted with pendimethalin provides evidence of an effect
on thyroid hormone homeostasis secondary to liver enzyme induction, and that consequently the secondary effects
of liver enzyme induction on thyroid function are also responsible for the thyroid tumours in male Fischer 344 rats
following chronic exposure to benfluralin.

Notably, the carcinogenic potential of benfluralin (liver and thyroid in rats, liver in mice) and the relevance of
trifluralin assays to assess benfluralin toxicological properties, was discussed at the PRAPeR Expert Meeting 34
(22 – 26 October 2007). Overall, it appeared that the long-term and carcinogenic effects of benfluralin and
trifluralin in the rat (at approximately the same doses) were not identical for both substances. Trifluralin exerts a
more adverse effect on the kidney, while the effect on the liver was less clear. On the contrary, the adverse effects
of benfluralin towards the kidney were less pronounced, and no bladder effects were evident. Although some
metabolites are common, the RMS of the previous evaluation pointed out that it was impossible to declare both
pathways identical based on the available information. Taking into account all uncertainties, the meeting proposed
R 40 and cat 3 for carcinogenic compounds, taking into account the tumours observed in the thyroid and the liver
(in two species).

In conclusion, RMS agrees to the toxicity NOAEL established at 10 ppm = 0.5 mg/kg bw/day and the
carcinogenicity NOAEL established at 100 ppm = 5.4 mg/kg bw/day. With respect to the carcinogenicity, RMS
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suggests that benfluralin should still be considered carcinogenic in the rat liver and thyroid, until it has been
clearly demonstrated that benfluralin is non-genotoxic and acts via mechanisms considered to be of non-relevance
for humans.
B.6.5.2 Mouse
CA 5.5/03
Reference:

(1988b) A chronic toxicity and oncogenicity study in
B6C3F1 mice given benefin (EL-110, compound 54521) in the diet for two years

Report No.:

, Report No. M02785 and M02786

Guideline:

OECD TG 451 (1981)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

60 mice/sex/dose (B6C3F1/ ) were fed a diet of benfluralin at dose levels of 0, 50,
300 or 1500 ppm during 104 weeks. For logistic reasons, the study was conducted as
two replicates (designated MO2785 and MO2885), with initiation dates separated by
a 15day interval. As the study results were considered similar by the study director,
they were combined for the report (designated MC2729). The animals were housed
3/cage. Analytical verification revealed dose levels being mostly acceptable
compared to nominal values (one sample was 13% lower than the nominal
concentration of 300 ppm on one occasion). Compound stability (4 weeks at 25°C) in
the diet, and compound homogeneity proved to be satisfactory. Diets were prepared
every two weeks. Achieved test article intake: males: 6.0; 36.4 and 184.7 mg/kg
bw/day, and females: 6.9; 41.8 and 223.5 mg/kg bw/day.
benfluralin (referred to in report as ‘benefin’)
Purity: 95.25% (begin)-96.15% (end)
Batch No.: 231EF4

Test material:

Results

Mortality:
The survival was slightly impaired in the female animals, treated at 300 ppm and above (Table B.6.5.2-01). The
causes of death were similar among study groups, except for a slightly increased incidence of mouse urologic
syndrome (MUS) in the males of the two highest doses.
Table B.6.5.2-01 Survival rates following a two-year dietary administration of benfluralin (
Dose
survival rate (%)
(ppm)
Males
Females
0
81.7
86.7
50
86.7
80.0
300
76.7
75.0
1500
78.3
76.7

1988b)

Clinical signs:
From Week 5 or 7 chromaturia (bright yellow urine) was evident among the high dose animals and persisted for
the remainder of the study duration. During the last two months of the study, the high dose males also had yellow
urine stains in the genital region. Chromaturia is a common finding in animals given high doses of dinitroaniline
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compounds. The yellow discoloration of urine, given the orange/yellow nature of the test substance, was not
considered toxicologically significant.

No other signs were observed that were considered attributable to

treatment with benfluralin.

Food consumption, body weight and body weight gain:
When the two replicate studies were considered together, statistically significant decreases in body weight were
observed from the lowest dose on throughout the study. At termination (see Table B.6.5.2-02), results indicated
only slight changes at 300 ppm (males) and above (males, females). It was of note that the differences were more
marked in study MO2885. Statistically significant decreases in mean bodyweight gains, in comparison with
controls, were noted intermittently at 50 ppm and above for males between months 4 and 22. However,
meaningful differences were found at the highest doses only throughout the study. It was of note that the decreases
were generally similar in the 300 ppm and 1500 ppm groups. On months 18 and 24, the difference lower than in
the previous period. Similar changes were seen among high dose females between months 6 and 16. Typically,
the bodyweight gains for high dose treated females were in the range of 9 to 14% lower than controls. These
intermittent reductions did not significantly alter the trend for similar weight gains for treated and control animals
of both sexes in both replicate studies over the entire study duration (see Table B.6.5.2-2). Food consumption was
apparently not affected by the treatment, although a limited number of animals were monitored.

Table B.6.5.2-02. Summary of growth in mice following a two-year dietary administration of benfluralin (combined
data for replicate studies) (
1988b)
Sex and
Mean weight on Day 1
Number of survivors
Mean weight at
Mean weight gain
dose
(g)
(Number starting test)
termination
(g)
(ppm)
(g)
Males
0
50
300
1500
Females
0
50
300
1500

20.1
19.5
20.2
20.0

49
52
46
47

(60)
(60)
(60)
(60)

41.0
40.3
41.2
39.2

21.1
20.8
20.9
19.2

17.0
17.0
16.7
16.7

52
48
45
46

(60)
(60)
(60)
(60)

37.7
36.6
35.5
35.1*

20.7
19.7
18.7
18.4*

Ophthalmology:
Not investigated in this study.

Haematology (only controls and top-doses):
In the males, most red blood cell parameters were significantly increased at 12 months. At 18 months, the
increases were restricted to marginally increased Hb and Hct levels. The findings were unremarkable at
termination. No effects were observed in the females at any sampling times. As the RBC compartment was
affected in other species, a relationship with treatment was suspected.
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The observed increased levels of monocytes at 12 month were not confirmed at 18 month or 24 month, and were
thus considered fortuitous. The decreased leukocyte counts in the males at intermediate sampling times was small
(15-28%) and was not corroborated by shifts in the differential count, or was unremarkable at termination, and
was therefore considered irrelevant. Likewise, the increased eosinophil count at 24 months in the females was also
considered incidental as it was present in only one replicate and at one time-point.

Clinical chemistry:
An overview of selected changes in clinical chemistry parameters for females is provided in table B.6.5.2-3. An
increase of alkaline phosphatase (top-dose) and of alanine aminotransferase (300 ppm and above) was obvious in
the females, indicating hepatic dysfunction. It was of note that extreme values were recorded in the top-dose males
bearing liver neoplasms (see histopathology). At 300 ppm and above, blood urea nitrogen levels were significantly
increased. However, dose-dependency was not evident, and as no renal effects were observed, the relationship
with treatment is unclear. The other parameters (glucose, creatinine and total bilirubin) were unaffected.

Table B.6.5.2-03. Selected changes in clinical chemistry parameters for female mice following a two-year dietary
administration of benfluralin (combined data from both replicate studies) (
, 1988b)
Dose
Blood urea nitrogen
Alanine transaminase
Alkaline phosphatase
(ppm)
(mg/dL)
(IU/L)
(IU/L)

0
18.7
25
856a
50
17.8
95b
387
300
26.4*
49
461
1500
21.5*
94*
535*
* Significantly different from untreated control, p < 0.05 (Dunnett’s two-tailed ‘t’ test on ranked data).
a Statistical analysis using ranked data was obscured by a single high value in the female control group (23420 IU/L), which
more than doubled the mean value in the combine replicate data set. It was considered that a treatment-related increase had
occurred in this parameter.
b The range of individual values for the female controls in both replicate studies was 10-109 IU/L; the range for the high dose
animals was 7-580 IU/L and the range for the group 2 animals was 9-173 IU/L with the exception of one animal with a value of
3360 IU/L. It was considered that a treatment-related increase had occurred in this parameter.

Organ weight:
Both absolute and bw-relative liver weight was increased at 300 ppm (females) and above (males, females). The
increased relative kidney weight in the top-dose females was consecutive to the decreased terminal body weight,
and considered irrelevant in the absence of actual kidney weight changes.

Gross pathology:
It appeared that top-dose males had developed the Mouse Urologic Syndrome at a higher frequency than those of
the control group (see table B.6.5.2-4). At the lower doses, the prevalence was also moderately high.
Gross liver nodules were detected at a higher incidence in the top-dose females, but not in the males.

Histopathology:
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The treatment-related non-neoplastic lesions were essentially confined to the liver. Foci of hepatocellular
hyperplasia were observed at a higher incidence and the lesions were of higher severity in the top-dose females.
An increase of multifocal hyperplasia was also observed in the males at 300 ppm and above.
An increased incidence of adenoma (1500 ppm) and of carcinoma (300 ppm and 1500 ppm) was observed in the
females. The combined incidence was also increased at 300 ppm onwards in the females, and a statistically
significant trend was detected when the Peto’s survival adjusted trend test was applied (p=0.018). At termination,
the incidences in the survivors were 1/52 (1.9%), 2/49 (4.1%), 3/45 (6.7%) and 5/47 (10.6%) at 0, 50, 300 and
1500 ppm respectively. These incidences were then compared to an in-house contemporary historical control
incidence of liver neoplasias in the females, based on studies conducted from 1980 onwards. It appeared that both
the incidence of adenomas and carcinomas separately (5.1%), and the combined incidence (10%), was slightly
outside the range (stated being 3.3% and 6.9%, respectively).

Table B.6.5.2-04. Liver weight, necropsy and histopathology of mice following a two-year dietary administration of
benfluralin. (
1988b)
Dose (ppm)
0
50
300
1500
♂
Liver weight
Number examined

Mouse urologic syndrome
Liver gross pathology :nodules

Liver histopathology
Focal hepatocellular hyperplasia
Multifocal hepatocellular hyperplasia
Hepatocellular adenoma
Hepatocellular carcinoma
combined incidence adenoma/carcinoma

♀

a
r
1
2
T
T

30
30
60
5

30
30
60
-

1
2
T

11
13
24
20
1
2
7
9

♂

♀

30
30
60
-

2
5
7

30
30
60
12
(20%)
9
7
16

6
1
1
0
1

10
2
1
7
8

5
0
1
2
3

5
1
6

♂

♀

♂

♀

30
30
60
11
(18%)
9
6
15

19%
26%
30
30
60
-

5%*
10%*
30
30
60
18
(30%)
13
12
25

21%*
31%*
29
30
59
-

11
5
3
5
6
(10%)

4
1
1
3 (5%)
4
(6.7%)

9
3
11

10
15
25

14
15
8
8
4 (6.7%)
3 (5.1%)
8 (13%)
3 (5.1%)
12
6#
(20%)
(10%)
0
1 (1.7%)
Cholangiocarcinoma
T
1
0
0
1 (1.7%)
Haemangiosarcoma
T
1 (1.7%)
0
Haemangioma
T
Combined values (T), except when annotated as 1:study MO2785 or 2:study MO2885; a: absolute, r; relative weight;
Statistically significant modification: Dunnett’s t-test *p<0.05;
#: value showed a statistical significant trend (p<0.05; see text) when expressed as the incidence in the survivors on wk 104.
T
T
T
T

DAR Conclusion
The study is accepted. Protocol partly in compliance with test method B.26 of directive 2001/59/EC
Deviations from protocol:
(i)

study conducted as two independent experiments, 15d apart;

(ii)

food consumption determined only on 9 animals/sex/dose on months 1, 3, 6, 12, 18 and 24 months;

(iii)

haematology performed in controls and top-dose animals, at 12 mo, 18 mo and 24 mo but not at 3 mo or

6 mo;
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(iv)

urinalysis not performed.

Toxicity:
NOAEL <50 ppm
LOAEL = 50 ppm = 6.0 mg/kg bw/d (based on ↑body weight gain)
At higher doses (36.4 mg/kg bw/d and higher) ↑ALT, ↑liver weight, ↑ hepatocellular hyperplasia was observed

Carcinogenicity:
NOAEL =300 ppm = 36.4 mg/kg bw/d
LOAEL =1500 ppm = 184.7 mg/kg bw/d (based on ↑ hepatocellular adenoma/carcinoma in the ♀)

RMS comments and conclusions

The study is acceptable. The study follows OECD TG 451 (7 September 2009) with the exception that:
(i)

the study was conducted as two independent experiments, 15d apart;

(ii)

food consumption was determined only on 9 animals/sex/dose on months 1, 3, 6, 12, 18 and 24;

The toxicity NOAEL established during the previous evaluation (DAR, 2006), was discussed at a PRAPeR Expert
Meeting 34 (22 – 26 October 2007). The notifier argued that the effects on body weight were not treatment related
and did not show any dose-relation. The RMS (DAR, 2006) disagreed to the argumentation and did not establish a
NOAEL in the mouse study, but a long term NOAEL of 10 ppm (0.5 mg/kg bw/d) was proposed based on the rat
study. The meeting considered the findings on the body weight as doubtful and a toxicity NOAEL of 50 ppm (6
mg/kg bw/day) was agreed for the mouse study.

During the previous evaluation (DAR, 2006), the carcinogenicity NOAEL was established at 300 ppm = 36.4
mg/kg bw/day, based on a comparison of the incidences of hepatocellular adenoma and carcinoma with an inhouse contemporary historical control incidence of liver neoplasia in the females (based on studies conducted
from 1980 onwards). To RMS opinion, the established carcinogenicity NOAEL should be reconsidered, taking
into account the increased incidence at 50 and 300 ppm, the statistically significant trend which was detected when
the Peto’s survival adjusted trend test was applied (p=0.018), as well as the appropriateness of the in-house
control data.

According to the notifier, the tumours seen in the mouse are not genotoxic in origin and are caused by CAR- and
UGT-mediated mode of actions, which are not relevant to humans. However, RMS is of the opinion that it has not
been clearly demonstrated that benfluralin is devoid of genotoxic potential, (for further details see section B.6.4)
and that the mechanisms for benfluralin-induced liver tumours are not relevant for humans (for more details see
section B.6.5.8 B.6.8.2). It should be noted that it was concluded at the PPR 182 expert meeting that benfluralin,
with a technical specification limited to a level of 0.085 mg/kg for the impurity EBNA, is unlikely to be genotoxic
(for further details see section B.6.4).
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In conclusion, RMS agrees to the toxicity NOAEL established at 50 ppm = 6 mg/kg bw/day, but suggests that the
also the carcinogenicity NOAEL is establised at 50 ppm (6 mg/kg bw/day). With respect to the carcinogenicity,
RMS suggests that benfluralin should still be considered carcinogenic in the mouse liver, until it has been clearly
demonstrated that benfluralin is non-genotoxic and acts via mechanisms considered to be of non-relevance for
humans.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The experts agreed to set the carcinogenic LOAEL at 6 mg/kg bw/day, based on hepatocellular carcinomas in
females only.

B.6.5.3 Dog
CA 5.5/05
Reference:

(1972) A two year study of benefin administered orally to beagles

Report No.:

, Report No. D-92-65

Guideline:

-

GLP:

No

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

Four dogs/sex/dose (mongrels, not purebred) were fed gelatine capsules with
Benfluralin at dose levels of 0, 5, 25 or 125 mg/kg bw/day for a period of 2 years;
Five males and 3 females received food without the test article. Samples were not
checked analytically. The animals were weighed at weekly intervals. Haematologic
parameters and a limited number of clinical chemistry parameters (BUN, AP, ALT
and glucose), and sugar/protein urine levels were assessed. Group results per sample
time were not provided. Organ weights included adrenal, gonads, heart, kidney, liver,
spleen and thyroid. Gross pathology and histopathology was completed for all
animals.
benfluralin (referred to in report as ‘benefin’)
Purity: 95.6% (begin)-96.15% (end)
Batch No.: X11424

Test material:

Results

Mortality:
At the top-dose, one male was humanely killed on d132 because of excessive weight loss (4kg); a severe mite
infestation was observed in the ear of this animal. One female was sacrificed on d420 because of the presence of a
subcutaneous tumour over the lower part of the sternum, which was characterised histopathologically as a mast
cell tumour.

Clinical signs (individual or summary data not provided):
In the report, it was stated that the physical conditions of the animals (except the top-dose ones) did not indicate
there were changes attributable to the treatment. However, it was of note that emesis had been observed
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occasionally in many treated dogs, shortly before or after dosing. Top-dose animals showed test article in the
faeces. Blood in the faeces or bloody diarrhea was also observed, but at a frequency which was inversely related to
the dose. Finally, it was observed that mite infestation occurred in all dose groups, including the controls.

Food consumption, body weight and body weight gain:
No relevant findings; top-dose males showed an average terminal body weight which was 13% lighter than the
controls, but top-dose females animals were comparable to controls. Food consumption: not assessed.

Ophthalmology:
No data presented for ophthalmic examinations.

Hematology (individual or summary data not provided, only charts available):
Top-dose animals were stated to show a reduced Hct and Hb level after one year, but not after two years. Dogs
treated at 25 mg/kg bw/d and above showed reduced RBC counts (throughout the study) and increased platelet
counts (from 3 months onwards). The increased total WBC count from month 6 onwards was of unknown
relevance, as differential counts were unaltered.

Urinalysis:
No relevant findings.

Clinical chemistry:
The activity of alkaline phosphatase was increased in the top-dose animals.

Relative organ weight:
Top-dose animals had a mean relative liver weight, which was 22% (males) and 38% (females), increased
compared to the controls. Increased relative weights were also observed at the lower doses in the females (5 mg/kg
bw/day: +22%, 25 mg/kg bw/d: +22%), but without dose-response.

Gross necropsy:
No data available.

Histopathology:
No relevant findings.

DAR Conclusion
The study is considered to provide additional information, and only a brief summary is presented here. Protocol
not in compliance with test method B.30 of directive 2001/59/EC.

Due to the paucity of reported parameters, the derivation of a NOAEL was not appropriate.
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RMS comments and conclusions
This study was performed before any relevant guidelines were released, and does not fulfill the current data
requirements of the OECD Test Guideline 453 (7 September 2009). Furthermore, GLP was not compulsory when
the study was performed. However, despite all deviations from the test guideline, the current study provides an
early estimation of probable toxic effects.
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B.6.6

Reproductive toxicity

Summary
Table B.6.6. Summary of studies.
Test substance Species
Dose levels
(Purity/batch) / Strain Sex (ppm)
Route / Study
No./group
duration/
Vehicle
acceptability
Benfluralin
(95.6%, X11424)
Oral (dietary)
5 generations
Supplementary

Rat

Benfluralin
(95.8%, ACD
13683)
2-generation
reproductive
study
Supplementary
Acceptable

Rat
SpragueDawley

30M&40F
/dose

0, 1000, 5000
ppm
equivalent to
0, 50 , 250
mg/kg bw/d

0, 100, 1000,
5000 ppm
equivalent to
:CD®BR 0; 5.5; 52.6
39 rats/sex/ or 278.3
dose
mg/kg
bw/day in
males and 0;
7.4; 69.5 or
334.4 mg/kg
bw/day in
females
(premating
period)

Benfluralin
(95,3%, 219EF4)
Rat, Teratology
Range-finding
Supplementary

Rat
:CD®(S
D)BR
Female
5
dams/dose
Benfluralin
Rat
(97,3%, 231EF4)
:CD®(S
Rat, Teratology D)BR
Acceptable
Female
25
dams/dose

0, 50, 100,
225, 475,
1000
mg/kg
bw/day

Benfluralin
(96,8%,
858929),
Rabbit,

Exploratory
study: 1000,
2000 mg/kg
bw/day

Rabbit
Dutch
Belted
Female

0, 50, 225,
475, 1000
mg/kg
bw/day

Effects at LOAEL

Parental toxicity:
↓body weight gain
↑mortality
↑liver fatty
metamorphosis
Offspring toxicity:
↓postnatal survival
↓pup weight
Reproductive:
↓implantations
↓live foetuses
↓postnatal survival
index
Parental toxicity:
↓birth weight gain
↑liver weight
↑kidney weight
↑nephropathy
↑yellow abdominal
fat
Offspring :
↓birth weight (F1)
↓pup weight d4-21
(F1/F2)
Repoductive
↓viability index
↓weaning index

Maternal:
↓Food consumption
↓body weight
Foetal:
No effects seen

NOAEL
(ppm)
mg/kg
bw/day

-

Parental
100 ppm
= 5.5
mg/kg
bw/day

LOAEL
(ppm)
mg/kg
bw/day

1000
ppm
(lowest
dose
tested)

Parental,
systemic
1000
ppm = x
mg/kg
bw/day

Reference

New data
for Annex
I renewal
Y/N

N
(1973b)
CA 5.6.1/01
Report No. R0305, R-0795,
R-0316, R0057 and R0657

(1995)
Report No.
971155

N

Offspring
100 ppm
= 5.5
mg/kg
bw/day

Offspring
systemic
1000
ppm = x
mg/kg
Reproduc bw/day
tive
1000
Reproduc
ppm =
tive 5000
52.6
ppm
mg/kg
=278.3
bw/day
mg/kg
bw/day

Maternal:
225
mg/kg
bw/day
Foetal:
Maternal:
Maternal:
↓body weight gain
225
Foetal:
mg/kg
↑centra abnormalities bw/day
of the vertebrae
Foetal:
475
mg/kg
bw/day
Maternal:
Maternal:
↓body weight
100
↑deaths ↑abortions
mg/kg
Foetal:
bw/day

Maternal:
475
mg/kg
bw/day
Foetal:
Maternal:
475
mg/kg
bw/day
Foetal:
1000
mg/kg
bw/day
Maternal:
1000
mg/kg
bw/day

N
(1985a)
Report No.
6180-100
N
(1985b)
Report No.
6180-101

N
(1973c)
Report No.

RMS: NO
Co-RMS: NL

- 179 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Test substance
(Purity/batch) /
Route / Study
duration/
acceptability

Species
Strain Sex
No./group
Vehicle

Dose levels
(ppm)

Effects at LOAEL

NOAEL
(ppm)
mg/kg
bw/day

Teratology
Supplementary

15
dams/dose

Benfluralin
(97,3%, 231EF4)
Rabbit,
Teratology
Acceptable

Rabbit
(NZW)
Female
20
dams/dose

Main study:
0, 50, 100
mg/kg
bw/day
0, 25, 50,
100, 225,
mg/kg
bw/day

↑deaths ↑ resorptions Foetal:
100
mg/kg
bw/day
Maternal:
Maternal:
↓voided faeces
50 mg/kg
↓food consumption
bw/day
↓body weight gain
Foetal:
Foetal:
100
↑accessory skull
mg/kg
bones
bw/day

LOAEL
(ppm)
mg/kg
bw/day

Reference

Foetal:
B-07-68
1000
mg/kg
bw/day
Maternal:
100
(1991)
mg/kg
Report No.
bw/day
3130.9
Foetal:
225
mg/kg
bw/day

New data
for Annex
I renewal
Y/N

N

The two –generation study in the rat is the main reproductive study. However, the study has several endpoints
missing, and is regarded as supplemental. As several endpoints were missing, the study was initially considered as
supplementary by RMS. However, at the PPR expert meeting 182, it was agreed that the study was considered
acceptable for the purpose of setting the parental and offspring’s NOAELs. The multi- generation study is seen as
non-acceptable.

At the high dose (5000 ppm) there was seen reduced food consumption, body weight, and body weight gain.
Increased liver and kidney weights with histopathological changes were seen. This was more prominent in the
second generation (F1) where nearly all rats had nephropathy. Hyaline droplets were only seen in F1 males. Two
females in F0 and one female in F1 died unscheduled of chronic progressive nephropathy. A few females in the
first generation (F0) and half of the females in F1 had uterus dilatation whereof 3 at both generations had fluid
filled lumen. The majority if F1 (male and female) had yellow/orange/dark coloured abdominal fat, but only 2
females in F0. Some animals showed alopecia.

There were several reproductive effects seen at the highest dose level. The increased gestational length reached
significance in the second generation. The mean total live born was reduced for both generation and there were
reduced viability and survival of the pups. The effects were higher in the second generation. It is not known if the
reduced survival of the pups is cause by effects on the pups in utero, effects via the milk, or effects on the rearing
of the pups.

Some high dose pups were observed as weak, pale and cold, and with no milk in their stomachs. The birth weight
was reduced only in the first generation pups. However, there was seen weight reduction of the pups in both
generations at day 4 and onward. Some pups from the second generation had yellow abdominal fat.
At the mid-dose (1000 ppm) there were seen slightly reduced food consumption and sporadically reduced body
weight gain in the parental animals. There were increased liver weights (>10%) in both generations. Both males
and females had increased kidney weights and nephropathy in the second generation. One male and one female in
the second generation had yellow –coloured abdominal fat. There were no significant effects for reproductive
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parameters at 1000 ppm that makes it the reproductive NOAEL (52.6 mg/kg bw/day). However, only a limited
number of reproductive endpoints were investigated in the study.

Offspring at 1000 ppm showed a reduction in body weight in both generations and areduced viability index in the
first generation.

There was no significant effects at the lowest dose rendering 100 ppm (5.5 mg/kg bw/day) as the NOAEL for both
parental animals and offspring in the reproductive study. In the main developmental study in the rat, there was
seen effects on body weight gain at 475 and 1000 mg/kg bw/day. Foetal effects was an increase in centra
abnormalities of the vertebrae at 1000 mg/kg bw/day. The maternal NOAEL in the rat is thus 225 mg/kg bw/day
and the foetal NOAEL 475 mg/kg bw/day.

In the main developmental study in the rabbit there was seen effects on the maternal food consumption and body
weight at 100 and 225 mg/kg bw. There was also some abortions at the highest dose level. NOAEL for maternal
effects is 50 mg/kg bw/day. Foetal effects were few, but some effects were seen on the accessory skull bones at
the highest dose level. NOAEL for foetal effects is 100 mg/kg bw/day.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Regarding the 2-generation reproductive toxicity study, the study was considered acceptable for the purpose of
setting the parental and offspring’s NOAELs. The parental and offspring’s NOAELs are 5.5 mg/kg bw/day based
on increased liver and kidney weight and histopathological changes, decreased BW in pups F1 and F2 as well
increase in pup mortality in F1; and the reproductive NOAEL is 52.6 mg/kg bw/day, based on reduced viability
and weaning indices at the top dose. Furthermore, the experts suggested that considering the effects reported in the
study on the empty stomach of pups, the RMS is to investigate whether classification for the transfer to milk
would be appropriate when drafting the CLH report.

Regarding the developmental toxicity in rats and in rabbit, all experts agreed with the RMS conclusion. In the rat
study, the maternal NOAEL is 225 mg/kg bw/day, based on reduced BWG, and the developmental NOAEL is 475
mg/kg bw/day based on increased incidence of variations (vertebrae/sternebrae) at the top dose level. In the main
developmental study in the rabbit, the maternal NOAEL is 50 mg/kg bw/day, based on reduced food consumption
and body weight gain at 100 mg/kg bw/day, and the developmental NOAEL is 100 mg/kg bw/day, based on
increased incidences of effects on accessory skull bones at 225 mg/kg bw/day.

B.6.6.1

Generational studies

CA 5.6.1/01
Reference:

(1973b) A multi-generation rat reproduction study
with benefin
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GLP:

, Report No. R-0305, R-0795, R-0316, R0057 and R-0657
None stated – report is an edited summary of study conducted in 1965, pre-dating
current guidelines.
No

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

40♀rats and 30♂ rats/dose (

Report No.:
Guideline:

) received Benfluralin (purity 95.6%; B.n° X-

11424) during 60d before mating and thereafter until sacrifice (reproduction phase)
at the dose levels of 0, 1000 or 5000 ppm in the diet, corresponding with 50 mg/kg
b.w./d and 250 mg/kg b.w./d, taking into account a theoretical conversion-factor of
20. Analytical verification was not performed. Compound stability and compound
homogeneity were not assessed. Achieved test article intake: see table in results
section. The study was subdivided into 5 sections: (i) study R-0305: F0 parents and
F1 offspring, (ii) study R-0795: F1 parents and F2 offspring, (iii) study R-0316: F2
parents and F3 offspring, (iv) study R-0057: F3 parents and F4 offspring and (v)
study R-0657: the F4 terminal generation adults.

(i) Study R-0305: In total, 8 mating trials were performed:
(a) In the first mating, 10 F0♀/dose were examined for copulatory plugs, and those
with plugs submitted for Caesarean Section (CS segment) at postnatal day (PND) 1821, and following foetal parameters recorded: number/distribution, sex, weight,
viability, external anomalies, and visceral (2/3) or skeletal (1/3) anomalies. The
remainder were separated at PND 18 from their mates, and allowed to deliver, and
parturition date, litter weight, number of live/stillborn young (leading to both ♀
fertility index= ratio of ♀ pregnant / mated ♀ (including CS ♀), ♂ fertility index=
ratio of ♂ mating / total pregnancies, and gestation survival index =ratio of live
pups/total pups, and d4-, d12 and d21-survival calculated. At PND 21, F0-offspring
were sexed, killed, macro- and microscopically examined (Generation segment). (b)
In the second mating (one wk rest before re-mating with a different ♂), the CSsegment was identical to that of the first mating. The generation segment produced
the F1-offspring. (c) In mating 3 to 8 included, F0-♀ were mated 6 , or 3-4

if no

pregnancy had occurred, and fertility parameters recorded as previously described.
CS-data from mating 1 and 2 were combined in the report;
(ii) Study R-0795: mating 1 and 2 included the generation segment as described
above where mating 2 provided the F2-offspring, in addition;
(iii)

Study R-0316: mating 1 and 2 included the generation segment as

described above, where mating 2 provided the F3-offspring, in addition;
(iv)

Study R-0057: (a) mating 1 included the generation segment as described

above, (b) mating 2 provided the F4-generation, which received an additional 60d-
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feeding, and which was discarded without further examination, and (c) mating 3
provided litters for which macro- and microscopic examination was performed on 56 litters/dose.
Statistical analysis was performed using the Dunnett’s t-test. The study was
considered to provide additional information.
Deviations from protocol test method B.34 of directive 88/302/EEC
(i)

only 2 doses investigated;10 ♀/dose group examined for copulatory plugs;

10/40 and 10/30 F0♀ on gestation d18-21 were sacrificed to investigate foetal
anomalies; except for F0 , insufficient n° of ♀ treated (20 treated, <20 gravid);
except for reproductive data, incomplete raw data (weights, food consumption);
(ii)

Following endpoints were not or insufficiently investigated: no clinical

signs; litter weight lacking on d1 and d7; litter weight on d12 i.o. d14; no necropsyor
histopathology of F1, F2 and F3 survivors; no oestrus or sperm parameters
investigated; no organ weights.
Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 95,6 %
Batch No.: X11424
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Results
Mortality:
In F0, a tendency towards increased substance-related mortality was observed in the treated groups; in the
subsequent generations, isolated cases of mortality were observed, but except for the high-dose ♀ in F3,
relationship with treatment was uncertain. The cause of death was unknown, and except for F 0, no further
histologic examination was performed.
Table B.6.6.1-1a: multigeneration study of Benfluralin in rats: mortality (parents)
Dose (ppm)
0
1000
G
♂
♀
♂
♀
0
1
1
0
Mortality
F0 (d0-63)
4
2
6
4
F0 (>d63)
4
3
F0 (total)
7
4
4
2
0
0
F1 (d0-60)
0
1
0
1
F1 (>d60)
4
3
0
1
F1 (total)
1 (m.t. 2)
F2
1 (g.d. ?)
F3

5000
♂
3
7
10
2
1
3
-

♀
2
7
9
1
3
4
1 (d13 pp)
1 (m.t. 2)
2 (m.t. 3)

G: generation n°; m.t.: mating trial; g.d.: gestation day; pp: post-partum.

Food consumption, body weight, test article intake during growth phase:
In each generation up to and including F3, a reduced food consumption was observed in the top-dose ♂ (in the ♀
only in F1), and a slight (♂) to moderate (♀) drop of body weight gain was also recorded. In F 4, treatment was
without effect on these endpoints. The test article intake was relatively constant over the different generations.
Table B.6.6.1-1b multigeneration study of Benfluralin in rats: Food consumption, body weight, test article intake
during growth phase
Dose (ppm)
0
1000
5000
G
♂
♀
♂
♀
♂
♀
Food consumption
F1
11%
15%
F2
13%
F3
9%
F4
Body weight gain
F1
5%*
24%*
F2
9%*
19%*
F3
16%*
11%*
F4
8%
22.2
19.5
108.0
83.0
Test article intake (mg)
F1
23.0
20.7
100.5
95.0
F2
22.8
19.3
101.5
98.5
F3
21.3
16.3
100.5
88.0
F4
G: generation n°; Statistically significant modification: Dunnett’s t-test *p<0.05.

Reproductive parameters:
The treatment was without effect neither on the ratio of pregnant ♀, nor on the proportion of live newborn pups.
The ♂ fertility index (total number of matings resulting in pregnancy) was not adversely affected, and was
actually higher in the dosed animals (0.66 at 1000 ppm and 0.72 at 5000 ppm) compared to the controls (0.56), as
control ♀ showed less inclination to mate due to their increased body weights. However, postnatal survival was
reduced at the top-dose in most mating trials of each generation. Occasionally, a reduced survival was observed
in the animals treated at 1000 ppm (m.t. 4 of F0, m.t. 1 of F2, and m.t. 2 of F3, on post-natal days 4, 12 or 21). In
most cases, survival showed a dose-dependent decrease, and the effect was thus considered treatment-related.
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Table B.6.6.1-1c multigeneration study of Benfluralin in rats: reproductive and survival parameters
G

Dose (ppm)

m.t.

Fertility index

Gestation survival index

Survival index
PND 4

F0

PND 12

PND 21

1
0.90
0.98
0.97
0.93
0.93
0
0.90
0.97
0.98
0.97
0.96
1000
0.97
0.98
0.94
5000
0.87
0.83
2
0.83
0.90
0.97
0.84
0.82
0
0.91
0.94
0.97
0.90
0.84
1000
1.00
0.94
0.94
0.87
0.85
5000
3
0.79
0.96
0.97
0.96
0.96
0
0.80
0.94
0.96
0.92
0.91
1000
0.85
0.97
5000
0.87
0.72
0.70
4
0.39
0.92
0.96
0.90
0.90
0
0.68
0.81
1000
0.84
0.70
0.69
0.60
0.88
5000
0.87
0.68
0.68
5
0.24
0.98
0.93
0.85
0.85
0
0.63
0.69
0.92
0.87
0.87
1000
0.74
0.96
0.82
0.81
5000
0.83
F1
1
0.94
0.94
0.96
0.88
0.88
0
0.95
0.96
0.95
0.92
0.92
1000
0.89
0.97
5000
0.80
0.77
0.77
2
1.00
0.84
0.96
0.92
0.92
0
0.89
0.90
0.98
0.94
0.94
1000
0.94
0.95
5000
0.88
0.87
0.82
F2
1
0.80
0.97
0.98
0.98
0.96
0
0.95
0.99
0.94
0.91
1000
0.91
0.80
0.93
5000
0.78
0.78
0.78
2
0.95
0.94
0.87
0.86
0.81
0
0.90
0.97
0.91
0.87
0.83
1000
0.95
0.99
0.85
5000
0.80
0.73
F3
1
0.95
0.91
0.94
0.93
0.87
0
1.00
0.90
1000
0.87
0.82
0.81
1.00
0.97
5000
0.79
0.66
0.64
2
0.90
0.92
0.97
0.94
0.92
0
1.00
0.96
0.80
0.77
1000
0.74
0.85
0.92
0.88
0.85
5000
0.55
3
0.72
0.92
0.96
0.95
0.95
0
0.74
0.99
0.90
0.88
0.88
1000
0.79
0.98
0.97
0.92
0.85
5000
G: generation n°; m.t.: mating trial (in the table restricted to 5 for F 0, as no litters were present in control group from m.t. 6 to
8); ♀Fertility index: ratio of ♀pregnant / mated♀ (including CS ♀); Gestation survival index =ratio of live pups/total pups;
PND: post-natal day; boldface: difference 5% of control and considered treatment-related.

RMS: NO
Co-RMS: NL

- 185 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Litter data:
In generation F0, F1 and F2, the mean number of liveborn pups per litter was slightly decreased (statistical
significance was only attained in F1) at the top-dose. A dose-dependent decrease of mean progeny weight was
observed at the top-dose in each generation, and at 1000 ppm on occasions (however, the decreased pup weight
on mating trials 4 and 5 of F0 should be interpreted with caution, as the number of pregnant control dams was
low, rendering dubious any statistical calculation). The sex-ratio on PND 21 was unaltered by the treatment in
any generation.
Table B.6.6.1-1d multigeneration study of Benfluralin in rats: litter data

G Dose (ppm)
F
0

0
1000
5000
0
1000
5000
0
1000
5000
0
1000
5000
0

m.t.
1

2

3

4

5

1000
5000
F
1

0
1000
5000
0
1000
5000

1

2

N° pregnant

N° liveborn/ litter

%♂

pup weight (g)
PND 4

PND 12

PND 21

26
28
31
15
20
26
15
16
17
7
13
12
4
12
14

11.3
10.7
9.9
10.5
11.8
10.6
11.3
11.1
9.3
6.4
6.6
6.3
10.0
5.1
5.5

9.5
9.5
7.6
9.8
9.6
8.0
9.2
8.7
7.4
9.3
8.8
7.6
9.5
9.9
8.9

22.0
20.9
15.1
21.4
19.5
16.5
22.0
21.0
16.8
23.3
22.3
16.9
26.9
23.6
20.5

36.3
35.3
24.3
38.1
33.7
25.3
35.9
33.2
25.8
41.5
37.3
29.6
45.0
38.5
33.8

51
51
47
55
55
47
47
50
49
46
54
54
38
38
48

16
19
16
19
18
19

11.6
10.5
8.8*
10.2
11.3
10.9

10.3
9.3
8.6
9.6
9.2
7.8

22.4
21.0
18.6
21.2
19.5
15.8

38.7
35.6
31.1
34.1
32.3
24.2

52
51
50
45
60
56

F
2

1
19
9.8
9.2
21.6
36.2
44
0
20
9.0
9.4
22.4
36.2
48
1000
20
9.7
8.6
46
5000
19.4
33.2
2
18
9.4
10.0
23.6
37.8
50
0
20
9.7
9.7
22.4
35.4
49
1000
17
49
5000
8.5
8.7
19.0
29.2
3
14
9.9
10.2
24.1
41.2
54
0
10.0
9.5
23.2
39.5
51
14
1000
15
51
8.1
8.8
18.8
30.7
5000
G: generation n°; m.t.: mating trial (restricted to 5 for F0, as no litters in control group from m.t. 6 to 8); PND: post-natal day;
Statistically significant modification: Dunnett’s t-test *p<0.05; boldface result of pup weight: difference 10% of control.

Histopathology:
At termination, F0 ♂ adults showed a higher incidence of liver degenerative lesions, described as fatty
metamorphosis, at 1000 ppm and above. Thyroid hypertrophy was present in all ♂ animals, including the
controls, and in the ♀, a slight increased incidence was observed at the top-dose. Other lesions, occurring in
singularity at any dose-level, or at incidences lacking dose-dependence, were considered toxicologically
irrelevant.
In the F3-offspring, the report stated (raw data unavailable) the presence of 8 top-dose animals showing slight or
moderate fatty metamorphosis of the litter, and one with cystitis. In view of the data at F 0, the effects were
considered treatment-related.
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Table B.6.6.1-1e Multigeneration study of Benfluralin in rats: Histopathology F0 adults
Dose (ppm)
0
1000
♂
♀
♂
♀
30
40
30
40
Number examined
very slight
0
0
1
0
Liver, fatty metamorphosis
slight
3
2
4
2
moderate
0
1
0
0
total
3
3
2
5
7
0
5
1
Thyroid hypertrophy
(no data of other generations)
Table B.6.6.1-1f Multigeneration study of Benfluralin in rats: Histopathology F3 offspring
Dose (ppm)
0
31
Number examined
0
Liver, fatty metamorphosis
(no data of other generations)

1000
24
0

5000
♂
30
2
11
0
13
6

♀
40
1
1
0
1
3

5000
31
8

Caesarian section data:
The number of implantation sites per dam was dose-dependently decreased, but as the number of corpora lutea in
the dams was not determined, it was impossible to tell if pre-implantation loss was subsequent to the exposure to
the substance. The resorption index was altered at the top-dose, and also slightly at 1000 ppm, but as the the mean
number of resorptions per dam, or the number of dams showing at least one resorption was not increased (the
value was rather decreased), the relationship with treatment was questionable.
The data suggest that the treatment was without effect on the foetal weights, but the data are hardly interpretable
due to the different number of foetuses obtained on d18, 19 and 20 respectively (despite the attempt to normalise
average foetal weights by means of the development of exponential growth curves). The results are also
inconsistent with those obtained after delivery (reduced pup weight at the top-dose).
Visceral examination: Hydronephrosis was detected as the sole visceral anomaly at all doses, including controls.
In the absence of a proper dose-response, and as the incidence of the controls (bilateral hydronephrosis) was
outside the HCD, the relevance of the finding is questionable.
No treatment-related external or skeletal defects were observed. One stillborn pup at 1000 ppm showed
micrognathia, but the finding did not appear at the top-dose.

RMS: NO
Co-RMS: NL

- 187 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table B.6.6.1-1g multigeneration study of Benfluralin in rats: Caesarian section data (F0: combined data of mating
trial 1 and 2)
0
1000
5000
Dose (ppm)
17 / 19
16 / 17
11 / 13
209 (12.3)
182 (11.4)
118 (10.7)
live (mean / dam)
0
0
0
stillborn
223 (13.1)
190 (11.9)
121 (11.0)
N° implantation sites (mean / dam)
14 (0.82)
8 (0.50)
3 (0.27)
N° resorptions (mean / dam)
9 / 17 (53%)
6 / 16 (38%)
2 / 11 (18%)
Dams with 1 resorption
6.3
4.2
Resorption index (%)
2.5
47
51
48
%♂
GD 18
11
0
10
Foetal weight data: N° examined
GD19
25
33
9
GD 20
125
144
74
161
177
93
total§
GD 18
1.447
1.454
Actual foetal weight (g)
GD19
2.185
2.159
1.965
GD 20
3.022
3.115
3.317
GD 18
2.971
2.985
Theoretical d20-foetal weight§§
GD19
3.131
3.094
2.816
GD 20
3.022
3.715
3.317
3.035
3.599
3.233
Theoretical d20-foetal weight (average GD18-21)
external
195
182
105
Foetal anomalies: N° examined
visceral
137
126
73
skeletal
58
56
32
unilateral
6/137 (4.3%)
14/126 (11.1%)
4/73 (5.5%)
Hydronephrosis§§§
bilateral
11/137 (8.0%)
2/126 (1.6%)
8/73 (11.0%)
Resorption index=N° resorptions / N° implantations; GD: Gestation day;
§: total different from n° of live fetuses, because weight data of 4 – 1 – 2 litters (at 0 – 1000 – 5000 ppm) were discarded, as
the stage of fetal development did not correspond to the calculated day of gestation (statement of notifier);
§§: values adjusted by the means of exponential curves foetal weight vs. age (d18-20), in order to obtain theoretical d20-values
for comparability purposes.
§§§: In-house historical control incidence
unilateral hydronephrosis: 134/2348 (5.7%)
bilateral hydronephrosis: 129/2348 (5.5%)
N° pregnant / mated
N° foetuses

DAR Conclusion
Overall, this study was considered a non-essential study as a newer, EC-complient two-generation study existed.
Due to many data gaps, and effects at the lowest dose, the determination of a NOAEL was not possible
Parental=fetal toxicity/developmental NOAEL <1000 ppm
Parental1=fetal/developmental2 toxicity LOAEL= 1000 ppm = 50 mg/kg bw/d
(based upon: mortality1, liver fatty metamorphosis1,
implantations2 , live foetuses2 , postnatal survival2, pup weight2)
Guidelines:

Protocol not in compliance with test method B.34 of directive 88/302/EEC

Deviations from protocol test method B.34 of directive 88/302/EEC
(i)

only 2 doses investigated;10 ♀/dose group examined for copulatory plugs; 10/40 and 10/30 F0♀ on

gestation d18-21 were sacrificed to investigate foetal anomalies; except for F0 , insufficient n° of ♀ treated (20
treated, <20 gravid); except for reproductive data, incomplete raw data (weights, food consumption);
(ii) Following endpoints were not or insufficiently investigated: no clinical signs; litter weight lacking on d1 and
d7; litter weight on d12 i.o. d14; no necropsyor histopathology of F1, F2 and F3 survivors; no oestrus or sperm
parameters investigated; no organ weights.
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RMS comments and conclusions
The study is regarded as non-acceptable. The study does not follow established guidelines. A NOAEL could not
be determined based on effects at the lowest dose of 1000 ppm.

CA 5 6 1/02
Reference:

(1995) Two-generation reproduction study in rats with benefin

Report No.:

, Report No.

Guideline:

EPA 83-4; OECD 416, MAFF Toxicity Test guidelines; EEC Method B.35

GLP:

Yes

Acceptability:

Supplementary Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

30 rats/sex/dose (Sprague-Dawley
:CD®BR) received Benfluralin (purity 95.8%;
B.n° ACD13683) at the dose levels of 0; 100; 1000 or 5000 ppm in the diet, from 10
wks (F0) or 12 wks (F1) prior to pairing up to termination. Analytical verification
revealed dose levels being acceptable compared to nominal values. Compound 7-,
14- and 21d stability, and compound homogeneity proved to be satisfactory. Fresh
diets were prepared weekly, 1 wk in advance. Achieved test article (low-end values
wk 0-10 pre-mating treatment period): ♂: 5.5; 52.6 or 278.3 mg/kg b.w./d and ♀:
7.4; 69.5 or 334.4 mg/kg bw/d.
Deviations from the current OECD guideline 416 (2001):
Organ weights were only measured for liver and kidneys (target organs) in F0-F1
adults. The weights of testis, epididymis, uterus ovaries, prostate and seminal
vesicles with coagulating glands and their fluids, and brain, spleen, pituitary, thyroid
and adrenal grands were not measured and no sperm analysis was undertaken for the
F0 and F1 adult animals. Histopathological evaluation of the liver and kidneys were
done on all F0 and F1 animals, but for the tissues pituitary, thyroid, parathyroid,
testis, epididymis, prostate, seminal vesicle, coagulating gland, ovary, oviduct,
cervix, vagina, mammary gland, glandular stomach, abdominal cavity, ureter and
urinary bladder only animals in the control and high dose group were examined.
Daily vaginal smear analysis was not performed for evaluation of the oestrus cycle.
Histopathological investigations on ovaries were not performed. The uteri were not
examined for the presence and number of implantation sites. Developmental
landmarks were not assessed. Brain, spleen and thymus from F1 and F2 pups were
not weighed. Animals were not tested for sensory functions. Complete gross
necropsy was performed on only 10 weanlings/sex/ group from F1 and F2. Gross
necropsy and full histopathological characterization of preserved tissues should have
been performed on at least one pup/sex/litter. Due to an increased post-weaning
mortality in the high-dose litters in F0, the initially non-selected F1-pups were
maintained until all selected F1-pups had successfully initiated the maturation phase.
benfluralin (referred to in report as ‘benefin’)
Purity: 95.8%
Batch No.: ACD 13683

Test material:
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Doses
Table 6.6.2.1 Intake of benfluralin in mg/kg bodyweight/day in different phases of the study
Dose level (ppm)
Pre-mating phase weeks 1-10#
Females
Males
Females
Gestation#
100
10.0 -5.5
11.2 -7.4
7.4 – 6.3
1000
94.6 – 52.6
97.2 – 69.5
73.9 – 65.3
5000
444.5 – 278.3
502.1 – 334.4
338.6 – 310.8
# The range of mean values are presented in terms of the direction of change over time.

Lactation#
9.1 – 19.9
90.8 – 198.1
394.1 – 854.1

Adult animals: (Tables B.6.6.1-2 a,b,c,d)
Mortality:
One non-pregnant F0-♀ died on gestation day (GD) 23, following thin and unkempt appearance the day before.
No dams died during lactation, and one ♀ died during wk 18 (1 wk after weaning), but no adverse clinical signs
were seen before. No treatment-related deaths were observed in F1 in the ♂, and one ♀ was found dead on d6
(with urine stains and opaque eyes as the sole clinical signs). At necropsy, renal pelvic dilatation,
kidney/ureter/urinary bladder calculi, distended ureters, roughened renal cortex with raised areas and irregularly
shaped kidneys were observed. In addition, the death ♂ showed soft brain stem and cranial cavity fluid
(microscopic evidence to account for the death were not found). The two unscheduled deaths (F0♀) exhibited
pyelonephritis, papilla necrosis, along with ureter hyperplasia, and death cause was chronic progressive
nephropathy (CPN). In F1, the unscheduled death (♀) was associated with some of the abovementioned findings,
and urinary tract inflammation. These kidney findings and associated deaths were considered treatment-related.
Clinical signs (including pups):
In F0-animals, from wk 10 onwards, a dose-related occurrence of bright (1000 ppm and above in ♂ and ♀) and/or
dark (5000 ppm in ♂) urine was observed, which was related to the excretion of the substance. In F 1, discolored
urine was observed at the top-dose only.
Further, during gestation and lactation, some F0 ♀animals showed alopecia (mainly on paws and limbs) at the
top-dose. During cage side observations, some pups had a weak appearance, and there was no visible milk in the
stomach at 1000 ppm (F0) and above (F0/1), and some top-dose pups felt cold to touch or showed a pale
appearance. Cyanosis or partially cannibalisation was also observed in isolation at the top-dose (F1).
It was of note that total litter loss was observed in one F0-♀ (lactation day 8), and in two F1-♀(LD 7 and 8) at the
top-dose, and in one control F1-♀. One top-dose ♀ had a prolonged delivery.
Table B.6.6.1-2a: two generation reproduction toxicity of Benfluralin in rats: ADULT (and pup F0) data: mortality
and clinical signs
Dose (ppm)
0
100
1000
5000
F0
F1
F0
F1
F0
F1
F0
F1
♂

-

1(wk 14)

-

-

-

1(wk 3)

-

-

♀

-

-

-

-

-

-

2(wk 18-

1(d 6)

Mortality (time of death)
gd 23)

Clinical signs (♀)
n° examined (gestation/lactation)
bright

27/28
0/0

27/25
0/0

30/29
2/0

28/25
0/0

28/29
9 /7

28/25
2/0

29/28
16 /12

29/26
0/8

0/0

0/0

0/0

0/0

0/0

0/0

0/18

5/13

0
0
0
0
0

1
1
0
0

0
0
0
0
0

1
1
1
1

0
2
2
0
0

0
1
0
0

3/3
5
4
3
0

9
5
6
7

coloured urine
Dark

Alopecia
pups: weak
pups: milk absent in stomach
pups: cold to touch
pups: pale
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Food consumption, body weight and body weight gain:
F0 parental generation
During pre-mating (growth phase wk 0-10), body weights of top-dose animals were significantly decreased at all
intervals. In the ♂, body weights remained 9% lower than controls up to week 19 at this dose. Throughout the
growth phase period (and mainly during the first 5 weeks), body weight gains were significantly decreased at the
top-dose in both sexes, whereas a slightly diminished in growth rate was also observed in the ♀ treated at 1000
ppm.
During gestation and lactation, the decreases in body weights at the top-dose ranged from 11-20%. The body
weight gain was impaired during the entire gestation period, whereas during lactation, the growth rate decrease
was particularly marked during the first week, and mainly during days 0-4, where top-dose animals lost weight (–
0.96 g), compared to the control group (+15.8 g). From d4 on, the weight loss was compensated in the treated
groups.
The body weight effects were explained by diminished food intakes, which were consistently low at the top-dose
(♂,♀), and in the ♀ at the mid-dose (especially in weeks 0-1 and 7-9, where differences were >10%) and above
during pre-mating. Also during gestation and lactation, food consumption was low over the entire period at the
top-dose, and occasionally at the mid dose (significant decreases up to 10% on lactation days 7-10 and 10-16).
F1 parental generation
In F1, approximately the same trend was observed as in the previous generation. During pre-mating, food
consumption was reduced at the top-dose, and both body weights and body weight gains reduced in parallel. In
the ♀, the overall growth rate (0-12 weeks) appeared unaffected, but this was due to major fluctuations during
sampling periods: significant changes were visible during weeks 0-1 and 8-9. During gestation and lactation, topdose dams showed a reduced food intake. Growth rate was low during gestation but not during lactation.
The isolated statistically significant changes at the lowest dose, or those lacking dose-response were considered
irrelevant.
It was of note that mortalities, clinical signs, and body weight of “rest phase” females (F0-♀ and F1-♀ kept on
treatment after weaning) were comparable to those of the other discussed phases (pre-mating, gestation,
lactation).
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Table B.6.6.1-2b: Two generation reproduction toxicity of benfluralin in rats: ADULT data: food consumption, body
weights and body weight gains
Dose (ppm)
100
1000
5000
F0
F1
F0
F1
F0
F1
Food consumption
pre-mating
wk0-10/12
Gestation
Lactation
Body weight
pre-mating
gestation

lactation

♂
♀

8%**
4%
9%
5%

d0-20
d0-4
d0-21
wk 10

5%
4%
-

♂
♀

d0
d7
d14
d20/21
d0
d4
d7
d14
d21

Body weight gain
pre-mating
wk 0-1

23%**
21%**
19%**
16%**
26%**

10%**
10%**
11%**
13%**
15%**
17%**
16%**
20%**
17%**
11%**
13%**

22%**
15%**
17%**
18%**
18%**
18%**
16%**
20%**
17%**
11%**
13%**

38%**
37%**
54%**
14%**
wk 1-2
29%**
19%**
wk 2-3
17%**
24%**
37%**
21%*
wk 3-4
19%**
18%**
33%**
7%
wk 4-5
(**)
(*)
21%**
13%
8%
wk 8-9
35%*
56%**
wk 0-10/12
15%**
17%**
8%*
3%
28%**
gestation
d0-7
12%
28%**
24%**
d7-14
34%**
22%**
d14-20
4%
26%**
20%**
d0-20
3%
28%**
24%**
lactation
d0-7
53%**
4%
d0-21
(**)
Statistically significant modifications: Dunnett’s t-test *p<0.05, **p<0.01 (figures in parentheses considered irrelevant).
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♀
♂
♀

(**)

-

10%*

10%**
15%**
20%**
34%**
28%**
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Organ weights:
Terminal body weights were marginally (1000 ppm, ♀) or markedly (5000 ppm, ♂,♀) decreased in both
generations. Liver weights were increased at 1000 ppm and above, and a histological correlate was found. The
increased kidney weights in the ♂ at 1000 ppm and higher was also considered relevant, in view of the kidney
lesions.
Table B.6.6.1-2c: two generation reproduction toxicity of Benfluralin in rats: ADULT data: organ weights and
macropathology
Dose (ppm)
0
100
1000
5000
F0 F1 F0 F1
F0
F1
F0
F1
5%
17%**
13%**
15%**
18%**
13%**
10%**
(7%)

7%*
13%**
9%**
16%**
18%**
11%**
-

9%**
15%**
35%**
40%**
48%**
63%**
7%*
17%**
(7%)

17%**
21%**
21%**
39%**
45%**
76%**
16%**
25%**
-

26
29
2
0
1
0
0
0
30
1
30

29
30

30
29

1
1
0
0
25
1
29

27
25
2
0
1
0
0
2
28
3
30

30
♀ 30 30 30 30
0
0
0
0
♂ 0
0
0
0
0
♀ 0
Statistically significant modifications Dunnett’s t-test *p<0.05, **p<0.01.

30
1
1

28
0
2

29
25
20

Terminal body weights
Absolute liver weight
Relative liver weight
Absolute kidney weight
Relative kidney weight
Gross pathology
LIVER; n° examined
prominent reticular pattern
pale area
enlarged
UTERUS; n° examined
fluid filled lumen
ABDOMINAL FAT; n°
examined
dark/orange/yellow appearance

♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀

♂

29
30
0
0
0
0
0
0
30
1
30

29
30

1
1
0
0
28
2
29

30
29
0
0
0
0
0
0
30
0
30

30
30

0
1
0
0
25
1
30

0
4
3
4
28
3
28

Gross pathology and histopathology:
Most effects in both generations were restricted to the liver and the kidneys. During necropsy, some animals
exhibited enlarged livers and pale areas (F1♀) at the top-dose. Kidney findings were observed in isolated cases in
the treated animals (F0) and along all groups including controls (F1), and comprised renal pallor, cyst, dilated
pelvis with or without calculi. In 3 top-dose ♀, uterus lumen was filled with fluid. Most F1 animals exhibited a
discolored (dark) adipose tissue in the abdominal cavity, while the finding was not marked in F 0. The finding was
considered to reflect the deposition of test article in the adipose tissue, as no histomorphologic correlate was
observed.
Histologically, a clear dose-dependent increase of hepatocellular hypertrophy (of centrilobular to midzonal
character in F1) was observed at 1000 ppm and 5000 ppm. The treatment caused an exacerbation of CPN from
1000 ppm onwards, in both the ♂ and the ♀ (increase in both incidence and severity). An increased incidence of
kidney tubular hyaline droplets was observed in the ♂, and it was assumed that this finding was caused by the
accumulation of α2-microglobulin, which is typical for the ♂ ageing rat. In addition, a compound-related
increased incidence of uterus dilatation was observed in the top-dose ♀, and corroborated the necropsy
observations. As the increase was slight, it was assumed that the low dose (100 ppm) could be regarded an
NOAEL for this effect (intermediate doses were not examined).
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Table B.6.6.1-2d: two generation reproduction toxicity of Benfluralin in rats: ADULT data: histopathology
Dose (ppm)

0

100

1000

5000

F0

F1

F0

F1

F0

F1

♂

30

29

30

30

30

29

30

30

♀

30

30

30

30

30

30

28

29

LIVER: hepatocellular hypertrophy ♂

0

0

0

0

0

25

30

30

n° examined

severity (minimal/slight/moderate)

13/12/0
♀

0

0

0

0

severity (minimal/slight/moderate)
KIDNEY: nephropathy (CPN)

♂

severity (minimal/slight/moderate)
♀
severity (minimal/slight/moderate)
KIDNEY: tubular hyaline droplets

♂

severity (minimal/slight/moderate)
♀
UTERUS: dilatation

8

16

8/0/0

13/3/0

F0

F1

4/22/4 2/16/12
28

29

2/15/11 3/18/8

18

22

15

21

15

27

17/1/0

21/1/0

13/2/0

19/2/0

11/4/0

23/5/0

5

14

5

11

8

21

4/1/0

14/0/0

5/0/0

11/0/0

7/1/0

20/1/0

2

1

0

0

19

22

2/0/0

1/0/0

1/0/0

15/7/0

0

0

0

0

0

0

0

0

2

8

0

n.e.

0

n.e.

4

16

25

30

19/5/1 8/21/1
10

29

7/3/0 26/3/0
17

29

1/0/0 8/20/1

n.e.: not examined

Litters: (Tables B.6.6.1-3 a,b,c)
Body weights:
Following delivery, a slight body weight decrease was restricted to the top-dose animals in F1. At the top-dose, a
time-dependent decrease of body weight was observed up to weaning in both generations. At the next-lower dose,
a moderate but significant decrease was observed in F1, and to a lesser extent in F2. Contrarily to the top-dose F1pups, the F2-pup body weight on d0 was not different from the controls, which was interpreted as a lack of an
effect in-utero on this parameter in F2.
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Table B.6.6.1-3a: two generation reproduction toxicity of Benfluralin in rats: PUP data: body weights

Dose (ppm)

100
F1

1000
F2

♂ ♀ ♂ ♀

5000

F1

F2

F1

F2

♂

♀

♂

♀

♂

♀

♂

♀

-

-

-

-

8%**

9%**

-

-

d4 pre-cull

13%**

10%**

-

-

27%**

29%**

26%**

27%**

d4 post-cull

12%**

10%**

-

-

26%**

28%**

26%**

27%**

d7

13%**

10%**

8%**

10%**

36%**

36%**

35%**

34%**

d14

10%**

8%**

11%**

11%**

39%**

38%**

40%**

40%**

d21

8%**

6%**

10%**

10%**

40%**

49%**

41%**

40%**

d0

Statistically significant modifications (obtained on covariate adjusted means): Dunnett’s t-test **p<0.01.

Litter data:
In both F0 and F1, the treatment was without effect on the pre-coital interval or on the ♂ and ♀ fertility indices.
The treatment did not affect the sex ratio at any sampling time, and at any generation.
On the contrary, the duration of the gestation was slightly high in the top-dose animals, and the effect was more
marked when the incidence of animals showing a gestation time 23d (mostly =23d) was considered. The effect
was considered relevant by the RMS, as one top-dose dam (#B39079) was reported to have a prolonged delivery
during the observation of the clinical signs. On the other hand, the treatment did not affect the gestation index (n°
of ♀ with live pups /n° of pregnant ♀) in neither F0 nor F1, as it was actually 100% in all dose-groups. The
number of stillborn pups was slightly increased in the top-dose in F2, with 3% incidence compared to the control
(1.3%). Overall, the total number of pups, and the number of live pups pups delivered per litter was decreased in
both generations at the top-dose, and a slight effect was also visible in F0 at 1000 ppm. It appeared that pup
mortality occurred in the period up to postnatal day 4, at 1000 ppm (F0) and above (F0/1). Top-dose litters were
more affected by mortality up to weaning, especially in F1, where litter sizes decreased on postnatal days 14 and
21. Again, a subtle decrease of litter size was also noted at 1000 ppm in F0. Two additional top-dose pups died
post-weaning, on days 22-25. The historical control data provided was regarded as not relevant as oly one study
was within the time frame of ± 2 years of the time of conduction of this study.
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Table B.6.6.1-3b: two generation reproduction toxicity of Benfluralin in rats: PUP data: litter performance
0
100
1000
5000
Dose (ppm)
F1
F2
F1
F2
F1
F2
F1
F2
n° of ♀ pregnant (/30)
duration of gestation (d)
n° ♀ 23d gestation

28
22.0
1/26
3.8

26
21.9
1/24
4.2

29
22.0
1/29
3.4

25
22.1
4/25
16.0

29
22.3
4/28
14.3

25
22.1
2/25
8.0

28
22.2
6/28
21.4

28
22.3**
7/28
25.0

(%)
Group mean litter sizes
n° of ♀ with liveborn pups
28
26
29
25
29
25
28
28
total pups d0
total
383
345
392
316
372
347
315
330
liveborn
378
340
387
309
370
341
312
320
stillborn
5
5
5
5
2
6
3
10
mean total born d0
13.68
13.27
13.52
12.64
12.83
13.88
11.25** 11.79**
mean liveborn d0
13.50
13.08
13.34
12.36
12.76
13.64
11.14** 11.43**
99
99
99
98
99
98
99
96
Live birth index (%)
live pups/litter d4 pre-cull
13.14
12.46
13.10
12.28
12.03
13.32
10.21
10.43**
97
94
98
99
95
98
93
92
Viability index (%)
live pups/litter d4 post-cull
8.00
7.73
7.86
7.92
7.66
8.00
7.75
7.71
live pups/litter d7
7.93
7.65
7.83
7.92
7.52
8.00
7.61
7.22
live pups/litter d14
7.89
7.88
7.83
7.92
7.38
8.00
7.67
6.88**
live pups/litter d21
7.89
7.88
7.83
7.88
7.34
8.00
7.56
6.58**
99
96
100
100
96
100
94
79# #
Weaning index (%)
10
16
7
2
21
8
26
28
Pup loss§
d0-4
3
4
1
1
9
0
13
45
d5-21
0
0
2
0
0
0
19
2
d22-28
0
0
0
0
0
0
0
0
Entire litter loss§
d0-4
0
1
0
0
0
0
1
2
d5-21
Statistically significant modifications: Dunnett’s t-test*p<0.05, **p<0.01; # #: significant trend (p<0.01).
Life birth index= n° liveborn /total born; Viability index= n° alive d4 pre-cull /n° liveborn; Weaning index= n° alive d21 /n°
alive d4 post-cull; §: loss means dying, killed, missing or cannibalized.
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Gross pathology:
A dose-dependent increased incidence of pups with empty stomachs was reported at 1000 ppm and higher. It was
unclear whether the effect was due to a possible transfer of the substance into the mother’s milk, with either (i)
milk avoidance subsequent to unpalatability or other toxic effects, or (ii) inability to feed the pups due to the bad
condition of the dams. As body weight decreases and pup mortality was already increased in the first days of
lactation (up to d4, where no autonomic feeding of the pups was expected), it was not excluded that the substance
was transferred via the milk. As body weights further decreased time-dependently from d4 on up to d21, the
contribution via normal feeding was probable.
Further, few cases were noted at the top-dose with gaseous distention of the GIT, distended urinary bladders and
pale kidneys in either F0 or F1. In addition, the extended necropsy on 10 pups/sex revealed the accumulation of
test substance in the abdominal fat in 7/20 top-dose animals (only examined in the F2-pups). Finally, isolated
cases of one head anomaly (ventricle dilatation/skull cap deformation) in one F0 ♀, dark red GIT serosa (one ♂,
one ♀ in F0), and dark caecum mucosa (one ♂, F1) was reported at the highest dose. Other findings without doseeffect relationship (like the deradelphus at 100 ppm) were considered irrelevant.

DAR conclusion
Benfluralin is considered a developmental toxicant in these experimental conditions. The decreased pup weights
and increased mortality at 1000 ppm and above were considered treatment-related, and regarded a
foetotoxic/developmental endpoint, as they reflected decreased in-utero and neonatal survival. The body weight
decreases occurred in the first days of lactation. On the other hand, the effects in the pups may be explained by the
impaired maternal health status (although maternal toxicity was less marked and less consistent at 1000 ppm). In
addition, the potential transfer via the mother milk could not be confirmed or infirmed as no data concerning the
presence of substance in the milk were present.
In contrast, the treatment did not result in effects on reproductive performance or fertility.

EFSA conclusion
Benfluralin did not affect the reproductive performance or fertility of rats treated up to the highest
dose tested, however higher mortality and decreased body weight were observed in pups together
with impaired maternal health status (decreased body weight, liver and kidney toxicity) at the LOAEL of 53
mg/kg bw/day and up. Both parental and offspring’s NOAELs (systemic) were the
dose level of 5.5 mg/kg bw/day, while the reproductive NOAEL was the highest dose level of 278
mg/kg bw/day.

RMS comments and conclusions
The study has many deviations from the current version of the OECD guideline 416 (2001): The housing
conditions were not ideal; the temperature range was from 16 to 27°C (should be 22±3°C) and the relative
humidity was 32 to 84% (should be 30 to 70%, preferably 50 to 60 %). Organ weights were only measured for
liver and kidneys (target organs) in F0-F1 adults. The weights of testis, epididymis, uterus ovaries, prostate and
seminal vesicles with coagulating glands and their fluids, and brain, spleen, pituitary, thyroid and adrenal grands
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were not measured and no sperm analysis was undertaken for the F0 and F1 adult animals. Histopathological
evaluation of the liver and kidneys were done on all F0 and F1 animals, but for the tissues pituitary, thyroid,
parathyroid, testis, epididymis, prostate, seminal vesicle, coagulating gland, ovary, oviduct, cervix, vagina,
mammary gland, glandular stomach, abdominal cavity, ureter and urinary bladder only animals in the control and
high dose group were grossly examined. Daily vaginal smear analysis was not performed for evaluation of the
oestrus cycle. Histopathological investigations on ovaries were not performed. The uteri were not examined for
the presence and number of implantation sites. Developmental landmarks were not assessed. Brain, spleen and
thymus from F1 and F2 pups were not weighed. Animals were not tested for sensory functions. Complete gross
necropsy was performed on only 10 weanlings/sex/ group from F1 and F2. Gross necropsy and full
histopathological characterization of preserved tissues should have been performed on at least one pup/sex/litter.

The study is not in compliance with the current data requirements and is regarded this as a supplemental study.
For the endpoints evaluated the NOAEL systemic effects (parental and offspring) effects can be set to 100 ppm,
that corresponds to 5.5 mg/kg bw/d. The reproductive NOAEL is set to 1000 that corresponds to 52.6 mg/kg bw
based on reduced vialbility and weaning indicies. However as several critical reproductive endpoints were not
investigated, RMS is of the opinion that no firm conclusion can be drawn regarding reproductive toxicity.
Historical control data as delivered are of limited value since only few of the studies overlap with the 1993 ± 2
years as the year of initiation of 2-generation studies. Also the control data from the benfluralin- study has lower
values than the other control data from this period. It thus seems that the HCD data is not suited for comparisons
with the results this study. Reproductive NOAEL should be 1000 ppm. In addition the study is conducted with a
batch of benfluralin that has a low content of the impurity EBNA.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The 2-generation reproductive toxicity study was considered acceptable for the purpose of setting the parental and
offspring’s NOAELs. The parental and offspring’s NOAELs are 5.5 mg/kg bw per day based on increased liver
and kidney weight and histopathological changes, decreased BW in pups F1 and F2 as well increase in pup
mortality in F1; and the reproductive NOAEL is 52.6 mg/kg bw per day based on reduced viability and weaning
indices at the top dose.
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B.6.6.2

Developmental toxicity studies

CA 5.6.2/01
Reference:

(1985a) Teratology range-finding study in pregnant rats

Report No.:

, Report No. 6180-100

Guideline:

Range-finding study not subject to regulatory compliance.

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

In DAR (2006)

Material and methods:

Five successfully mated ♀rats/dose (Sprague-Dawley

:CD®BR) (mating ratio

1♂:1♀) received benfluralin, dissolved in a 10% w:v acacia oil, by gavage at the
dose level of 0; 50; 100; 225; 475 or 1000) mg/kg bw/d (dosing volume 10 mL/kg).
The dosing suspensions were prepared daily (the test substance was maintained at
room temperature throughout the study duration). Analytical verification was
performed but data not provided. Negative control was obtained by treating with the
vehicle. Deviations from protocol:
(i)
Test material:

foetal examination performed, but data unavailable;

(ii)
analytical data of dosage levels not provided (present in the full study).
benfluralin (referred to in the report as ‘benefin 54521’)
Purity: 95.3%
Batch No.: 219EF4

Results
Maternal findings:
There was no deaths or clinical signs in control or treated groups during the study. Food consumption was
decreased during gestation days 6-11 at 475 mg/kg b.w./d and above. The body weights were slightly, but nonsignifically decreased and without relationship with the dose. However, at study termination both total and
corrected body weight change were decreased at the two highest doses. There was seen singel incidenses of dark
red/enlarged/rounded liver lobes and renal pelvis dilution.

Foetal findings:
Pregnancy rates, and developmental parameters (corpora lutea, implantation rates, number of live pups) were
unaffected. At the top-dose, there was a slight increase of the number of resorptions/litter, and also the postimplantation loss was marginally high. External, visceral, and skeletal observations were performed, but the data
is not available.
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Table B.6.6.2.1-1: oral teratogenicity range-finding study of Benfluralin in rats

Dose (mg/kg bw/d)
MATERNAL DATA
Food consumption

Body weight

0

50

100

225

(gd 0-6)
gd 6-11
gd 11-16
gd 16-20
(gd 0)
gd 6
gd 11
gd 16
gd 20

Uterus weight
Body weight change (d 0-20)
Body weight change (d0-20, corrected)
LITTER DATA
Number of pregnant ♀ (/5)
Corpora lutea
Implantations
Live foetuses
Resorptions /litter
Litters with resorptions
Implantation loss (%)
pre–
post–

4
17.8
14.5
14.0
1
1
16.8
3.0
Statistically significant modification: Dunnett’s t-test *p<0.05

5
15.2
14.0
14.0
0
0
7.4
0

5
15.2
14.4
14.4
0
0
5.4
0

5
15.0
14.2
14.2
0
0
5.0
0

475

1000

(4%)
19%
9%
7%
(4%)
4%
7%
5%
6%
9%
24%

(6%)
25%*
8%
6%
(3%)
3%
9%
8%
6%
11%
21%

5
15.4
15.0
14.6
2
1
2.6
2.6

16
13.8
13.2
3
2
12.8
12.8

5

DAR conclusion
The dose of 1000 mg/kg b.w./d was considered a suitable top-dose for a full developmental study. It was
unappropriate to derive a foetal toxicity or developmental NOAEL, as no foetal examination data were available.

RMS conclusion
The study is regarded as supplemental as it is a range finding study with such limitations that NOAELs cannot be
established. The limited reduction in the maternal body weight and body weight gain at the two highest dose levels
justify the choice of 1000 mg/kg bw/day as the top dose in the main developmental toxicity study in the rat.
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CA 5.6.2/02
Reference:

(1985b) Rat teratology study with benefin

Report No.:

, Report No. 6180-101

Guideline:

EPA 40 CFR 158

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Twenty five successfully mated ♀rats/dose (Sprague-Dawley
:CD®BR) (mating
ratio 1♂:1♀) received benfluralin dissolved in a 10% w:v acacia oil, by gavage at the
dose level of 0; 50; 225; 475 or 1000) mg/kg bw/d (dosing volume 10 mL/kg). The
dosing suspensions were prepared daily (the test substance was maintained at room
temperature throughout the study duration). Analytical verification of dosing
solutions confirmed adequacy and stability (over 3 weeks). Negative control was
obtained by treating with the vehicle.
benfluralin (referred to in the report as ‘benefin 54521’)
Purity: 95.3% The results of the test substance analysis indicated a test substance
purity of 9.25%, slightly lower than initial 97.3% figure.
Batch No.: 219EF4

Test material:

Results
Maternal data:
Maternal mortality: none
Clinical signs:
Few cases of alopecia were detected at the top-dose. In addition, urine stains were observed on the pan papers
from the lowest dose on up to and including the top-dose, and varied from light yellow to orange (reflecting
excretion of the test substance).
Body weight, bw change and food consumption:
Food consumption was markedly reduced during the first days of gestation, and remained low up to d16 at 475
mg/kg b.w./d and higher. The body weights were marginally impaired at any measurement, leading to weight
changes which were only significantly reduced betweed gestation days 6 and 11. As uterus weights were only
slightly lower at 475 mg/kg b.w./d but not at the top-dose, corrected body weight changes showed some dosedependent decrease at the two highest doses. The apparent (non-significant) effects at 225 mg/kg b.w./d were
considered irrelevant, as decreased b.w. changes were already observed during the pre-treatment period.
Gross pathology:
No relevant findings; the observed renal and hepatic effects showed no dose-dependency, and could thus be
regarded incidental. No organ weight data was collected for the dams in this study.
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Foetal data:
Litter data:
There was no foetal mortality, and the number of corpora lutea and of implants was unaffected by the treatment.
The number of resorptions was not increased by the treatment (in contrast to the results of the range-finding
experiment), and foetal weights were unaltered.
Table B.6.6.2.1-2a: oral teratogenicity study of Benfluralin in rats (main study)
Dose (mg/kg bw/d)
0
50
225
475
1000
MATERNAL DATA
0
0
0
1
2
Clinical signs: alopecia
Food consumption§
17%*
20%*
gd 6-11
8%*
7%*
gd 11-16
gd 16-20
6%
9%
gd 6-20
Body weight
gd 6
gd 11
4%
5%
gd 16
4%
4%
gd 20
4%
3%
Uterus weight
8%
Body weight change
(d 0-6)
(13%)
(7%)
(3%)
gd 6-11
(19%)
52%*
48%*
gd 0-20
(5%)
10%
5%
Body weight change (d0-20, corrected)
(9%)
13%
15%
Gross pathology
2
1
1
1
2
dilated renal pelvis
0
4
1
1
3
enlarged hepatic lobes
FOETAL DATA
24
24
24
24
25
Number of pregnant ♀
Corpora lutea/dam
16
16
18
15
17
Implantations/dam
16
15
15
14
16
Resorptions/litter
0.8
1.0
0.8
0.8
0.5
%
5.2
6.7
5.0
5.5
3.3
Implantation loss (%)
pre–
3.2
2.9
11.3
7.5
8.4
post–
5.2
6.7
5.0
5.5
3.3
live foetuses/litter
14.7
14.5
14.7
13.6
15.4
sex ratio (♂/♂+♀, %)
51
51
48
47
52
foetal weight (g)
♂
3.6±0.26
3.5±0.31
3.5±0.37
3.5±0.25
3.5±0.24
♀
3.3±0.21
3.3±0.28
3.3±0.31
3.3±0.27
3.3±0.25
Values are group average litter data; Statistically significant modifications: Dunnett’s -test *p<0.05; §:significances based on
the daily food consumptions; data between parentheses considered biologically irrelevant.

External observations:
Isolated incidences of tail absence (lowest dose) and of thread-like tail/no anus (at 225 mg/kg b.w./d) were
considered incidental.
Visceral observations:
Diffuse haemorragic areas on the liver were detected at 225 and 1000 mg/kg b.w./d, and considered af questional
toxicological significance in the absence of a proper dose-effect relationship.
Skeletal malformations:
Findings which could be regarded treatment-related included the slightly increased incidence of vertebral
anomalies or ossification delays, and unossified sternebrae at the highest dose. Other findings occurred without
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any dose-relationship and were therefore considered irrelevant. The centra abnormalities of the vertebrae and
ossification delays were considered secondary to the general systemic toxicity of the dams at the top-dose.
Table B.6.6.2.1-2b: fetal alterations in the main teratogenicity study of Benfluralin in rats:
PUPS: visceral and skeletal observations (selected findings)
Dose (mg/kg bw/d)
0
50
225
475
Visceral observations: n° examined
167 (24)
168 (24)
171 (24)
157 (24)
Liver: dark red/brown areas
0
0
3/2 (5*)
1/0 (1)
Skeletal observations: n° examined
185 (24)
179 (24)
182 (24)
167 (24)
Centra abnormalities of the vertebrae V
5/5 (7)
5/1 (5)
2/3 (4)
6/5 (7)
%
5.4 (29)
3.4 (21)
2.7 (17)
6.6 (29)
Unossified vertebrae/centra V
0/1 (1)
0
1/3 (1)
0
%
0.5 (4.2)
0
2.2 (4.2)
0
Unossified sternebrae V
10/24 (14)
17/23 (16)
21*/26 (15)
12/25 (15)
% 18.4 (58)
22.3 (67)
25.8 (63)
22.2 (63)
Rudimentary ribs M
4/1 (4)
5/2 (6)
1/1 (2)
3/4 (5)
%
2.7 (17)
3.9 (25)
1.1 (8.3)
4.2 (21)
M :Malformation, V :variation; foetal incidences (♂/♀), litter incidence between parentheses;
Statistical significant modifications: Dunnett’s test *p<0.05.

1000
187 (25)
2/2 (4)
198 (24)
6/12 (12)
9.1 (50)
3/1 (2)
2.0 (8.3)
22/34 (21)
28.3 (88)
0/5 (5)
2.5 (21)

In-house historical control data (11 studies, 10/1970-02/1985):
Anomalies of torso (visceral: N=1967 foetuses, 262 litters; skeletal: N=2340 foetuses, 256 litters)
foetuses
litters
Vertebrae centra anomalies V
62 (2.6%)
58 (22.7%)
Unossified vertebrae/centra V
4 (0.17%)
4 (1.6%)
Unossified sternebrae V
409 (17.5%)
146 (57.0%)
Rudimentary ribs M
184 (7.9%)
82 (32.0%)

DAR conclusion
Benfluralin caused an increased incidence of vertebral centra changes (reduced ossification) at the top-dose, which
was clearly maternotoxic (reduced body weight gain). It was considered that this type of variant was not
necessarily adverse, as this would not compromise normal development of the animal. As the incidence of
malformations was not affected by the treatment, the substance was not considered a specific developmental
toxicant in these experimental conditions.

Maternal toxicity NOAEL

= 225 mg/kg bw/d

Maternal toxicity LOAEL

= 475 mg/kg bw/d (based on ↓body weight gain)

Developmental toxicity NOAEL= 1000 mg/kg bw/d

Developmental toxicity NOEL= 475 mg/kg bw/d
Developmental toxicity LOEL= 1000 mg/kg bw/d (based on ↑centra abnormalities of the vertebrae)

EFSA conclusion
No treatment-related malformation and no adverse effect on development were observed in the rat
The developmental NOAEL was the highest dose tested (1000 mg/kg bw/day).
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RMS conclusion
The historical control data as delivered is of limited value as it represents a very long time-span.
The two highest dose levels gave reduced body weight gain in the dams. Maternal NOAEL (systemic) is 225
mg/kg bw/day. There were seen an increased litter incidence of variation of the vertebrae/ sternebrae at the highest
dose level. The foetal NAOEL is 475 mg/kg bw/day.

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
Regarding the setting of maternal NOAEL 225 mg/kg bw/day and developmental NOAEL 475 mg/kg bw/day, the
experts agreed with RMS conclusion.

CA 5.6.2/03
Reference:

(1973c) A teratology study on benefin in the rabbit

Report No.:
Guideline:

, Report No. B-07-68
None stated. Protocol not in compliance with test method B.31 of directive
92/69/EEC
Deviations from EC guideline:
Only two treated groups were included. Group size was lower than guideline
recommendation. The study pre-dates the introduction of current test guideline but
does provide illustrative information.

GLP:

No

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Fifteen artificially inseminated rabbits/dose (Dutch Belted) received Benfluralin
(purity 96.8%; B.n° 858929), prepared as a slurry (20 mg of compound in 100 mg of
feed in distilled water), by gavage at the dose level of 0; 50 or 100 mg/kg b.w./d
(dosing volume 2.5 or 5.0 mL/kg for the low and high dose respectively, and 5.0
mL/kg for the control group) from gestation day d6 to d18 included. Analytical
verification was not performed. No statistical tests were applied.
In a range-finding preliminary study at 1000 and 2000 mg/kg b.w./d, it was observed
that the lowest dose was >MTD, as within 3 days of gestation, animals became
anorexic and lost weight. About 50% of the animals (16/30) died or aborted before
termination. Viable foetuses were recovered from only 2 does on gd28, and
resorptions were observed in the remaining 11 pregnant animals (raw data not
reported by the notifier).
benfluralin (referred to in the report as ‘benefin 54521’)
Purity: 96.8%
Batch No.: 2858929

Test material:
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Results
Findings:

Maternal data
Maternal mortality:
One top-dose rabbit was killed on gd 27 after aborting 6 foetuses, from which one exhibited exencephaly.
Body weight, bw change and food consumption, water consumption and related clinical signs:
no relevant findings
Necropsy: no relevant findings.
Pregnancy rate: no relevant findings.

Foetal data:
There was no adverse effect by the treatment upon the number of viable young. The number of implants per dam
was dose-dependently decreased at both doses, and both pre- and post-implantation loss were low from the lowest
dose on, but dose-response was not evident. Likewise, the number of resporptions per litter was high at the lowest
dose, but the top-dose animals were unaffected. At the top-dose, the % of ♂ foetuses was slightly decreased.
Neither external nor skeletal examination suggested a substance-related effect, as malformations were equally
dispersed among control or treated animals.

Table B.6.6.2.2-1: teratogenicity study of Benfluralin in rabbits: litter data (
Dose (mg/kg bw/d)
0
50
Dams inseminated
15
15
Dams pregnant
11
12
Pregnant with viable young
10
11
Corpora lutea/dam
7.5
7.8
Implantations/dam
6.5
5.7
Implantation loss (%)
pre–
13
27
post–
12
30
Resorptions/litter
0.8
1.7
Litters with resorptions
6
6
Foetuses/litter
5.7
3.9
sex ratio (♂/♂+♀, %)
51
51
foetal weight (g)
27.4
27.2

, 1973c)
100
15
14
14
6.5
5.1
22
5
0.2
2
4.8
41
27.3

DAR conclusion
The treatment up to 100 mg/kg b.w./d did result in neither significant maternal nor foetal toxicity. Despite some
effects on the implantation and resorption rate, the effect of treatment was not proven, as the dose-response was
unclear.
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RMS conclusion
The study is regarded as supplemental as it is a range finding study with such limitations that NOAELs cannot be
established. There was no relevant effects up to 100 mg/kg bw/d. This is the NAOEL for both maternal and foetal
effects. The study justify the choice of 225 mg/kg bw/day as the top dose in the main developmental toxicity study
in the rabbit.

CA 5.6.2/04
(1991) Teratology study in rabbits with benefin

Reference:

, Report No. 3130.9

Report No.:
Guideline:

EPA FIFRA 83-3

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006)

Material and methods:

Twenty artificially inseminated rabbits/dose (NZW) received Benfluralin (purity
97.3%; B.n° 231EF4) dissolved in 10% w:v aqueous acacia oil by gavage at the dose
level of 0; 25; 50; 100 or 225 mg/kg bw/d (dosing volume 5 mL/kg) from gestation
day d6 to d19 included. The dosing suspensions were prepared daily. Analytical
verification revealed dose levels being acceptable when compared to nominal values.
Stability was acceptable during 24h after preparation. Negative control was obtained
by treating with the vehicle.
benfluralin (referred to in report as ‘EL-110, compound 054521,’)
Purity: 97,3%
Batch No.: 231EF4

Test material:

Results
Maternal data

Maternal mortality:
One ♀ was found dead on d18, following a history of thrashing (violent movements), convulsions, dark eyes,
rapid respiration and hypoactivity immediately after dosing on the day prior to death. Necropsy revealed foamy
tracheal contents, mottled lungs, dark areas on the thymus and dark red mammary tissue. Part of these findings
were consistent with an intubation error as the death cause.
Three ♀ aborted, two on d20 and one on d23. Prior to abortion, the ♀ were visibly anorexic and showed marked
weight loss.
Food consumption, body weight, bw change:
A marked decrease of food consumption was observed from d9 of gestation onwards, at the two highest doses.
The effect was unremarkable from d19 on up to termination. In contrast, body weights were barely affected; even
at the top-dose, the difference with controls was insignificant, both on d19 and on d29 (uncorrected or corrected
weight).
The body weight gains were affected in the early stages of the gestation at 100 mg/kg b.w./d and above (up to d12)
and at the top-dose (from d12 to termination). Overall, body weight gains were decreased at the two highest doses
during treatment, but rebounded when animals were given normal feed (up to d29). The corrected body weight
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gains were low at 50 mg/kg b.w./d (–13%) and above (–29% and –24% respectively for the doses of 100 and 225
mg/kg b.w./d), demonstrating that uterine weight gain was impeded during the gestation.
Clinical signs:
During gestation days 0-20, isolated cases (maximally 4) of alopecia were detected in all treated groups, but dosedependency was not evident, neither in the incidence nor in the frequency of observation. However, an increased
incidence of hairloss was also observed at necropsy at the top-dose. Diminished defaecation was observed at 100
mg/kg b.w./d and above, which was related to the decreased food intake. Dicolored urine (dark yellow/light
orange) was indicative of substance excretion and the two highest doses.
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Table B.6.6.2.1-2a: oral teratogenicity study of Benfluralin in rabbits (Mercieca, 1991): MATERNAL DATA

Dose (mg/kg bw/d)
Mortality (n/20, day of death)
♀ inseminated
Disposition of animals
Abortion (day of abortion)
Mortality (day of death)
Dams at necropsy
Dams gravid
with viable young
with only resorptions
d6-9
Food consumption§
d9-12
d12-15
d15-19
d6-19
d0-29
§
d19
Body weight
Body weight gain§ (g) d6-9
d9-12
d12-15
d15-19
d6-19
d19-24
d24-29
d0-29
d0-29 (corrected)

0

25

50

100

225

20
0
0
20
17
0

20
0
0
20
16
0

20
0
0
20
15
0

20
0
0
20
18
0
10%
24%*
14%
14%
6%

38
51
85
57
232
128
61
679
316

31
57
64
45
198
147
41
722
290

43
45
91
66
245
135
66
751
274

20
19
66
54
158
122
40
631
223

20
3 (d20, d23)
1 (d18)
16
11
1
8%
26%**
43%**
41%**
30%**
10%
(4%)
8
4*
13*
–18
14**
207
68
656
241

6/1
1
20
5
1

6/3
3
16
5
2

Clinical signs (/20)
scant/no faeces
discolored urine

0/0
3/0
0/0
0
0
0
n° examined
20
20
20
Necropsy
Alopecia
1
3
6
urine stain
0
0
1
§
: non-pregnant ♀ excluded; Statistical significant modifications: Dunnett’s test *p<0.05, **p<0.01

Foetal data:
Litter data:
As 3 abortions and one maternal death occurred, the number of viable litters was decreased at the top-dose. Other
parameters were unaffected by the treatment.

External, visceral and skeletal observations:
The only visceral finding was the presence of 2 foetuses in one litter showing pale spleen.
There was an apparent increased incidence of some skeletal variations at the top-dose (13th rudimentary rib and
misaligned sternebrae), but the dose-response of these findings was not evident, as the incidence at the next-lower
dose was nearly comparable to the controls. The increased incidence of rib anomalies at 100 mg/kg b.w./d was
also of questionable relevance, in the absence of findings at the highest dose.
The increased foetal incidence of the 7th cervical rib, and increased litter incidence of bent hyoid arches at 50
mg/kg b.w./d was irrelevant, as incidences were unaltered at the higher doses. The only possible meaningful
change concerned the accessory skull bone, which was dose-dependently increased at the top-dose (foetal
incidence was slightly ouside the historical control incidence). As this was a variation, occurring at a dose which
was also maternotoxic, it was considered that the finding was not a foetal developmental effect deserving
classification.
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Table B.6.6.2.1-2b: oral teratogenicity study of Benfluralin in rabbits (Mercieca, 1991): FOETAL DATA

Dose (mg/kg bw/d)
Number of pregnant ♀
Number of viable litters
Corpora lutea/dam
Implantations/dam
Resorptions

early
late
pre–
post–

Implantation loss (%)
live foetuses/litter
pregnant uterine weight
foetal weight (g)
sex ratio (♂/♂+♀, %)
Foetal examination: n° foetuses (litters)
Visceral examination: pale spleen
Skeletal examination
rib anomaly

M

%
13th rudimentary rib V
%
misaligned sternebrae V
%
accessory skull bones V

0

25

50

100

17
17
10.8
7.2
1.4
0.1
3.6
1.4
5.8
363.6
45.9
53
99 (17)
0

16
16
9.9
7.2
0.4
0.1
2.8
0.4
6.8
432.4
46.3
46
108 (16)
0

15
15
11.1
8.3
0.3
0.2
2.8
0.5
7.8
477.4
43.8
58
117 (15)
0

18
18
10.9
6.9
0.1
0.3
4.0
0.4
6.6
408.1
46.3
41
118 (18)
0

12
9.9
7.6
0.8
0.1
2.3
0.9
6.7
414.9
45.4
53
80 (11)
2 (1)

0
0
18 (10)
18 (59)
15 (7)
15 (41)
1 (1)
1 (5.4)

1 (1)
0.93 (6.3)
20 (9)
19 (38)
13 (9)
12 (56)
1 (1)
0.9 (6.3)

2 (2)
1.7 (13)
30 (12)
26 (80)
21 (9)
18 (60)
2 (2)
1.7 (13)

2 (2)
1.7 (11)
22 (12)
19 (67)
16 (7)
14 (39)
2 (2)
1.7 (11)

0
0
13 (9)
16 (82)
15 (9)
19 (82)
4 (3)
5.0 (27)

%
malformation; V: variation
In-house historical control data (17 studies, 03/1988-12/1989: N=2120 foetuses, 294 litters)
Foetuses
litters
Rib anomalies M
mean: 10 (0.47%), range: 0.0-1.8%
mean: 10 (3.4%), range: 0.0-12.5%
Accessory skull bones V
mean: 19 (0.90%), range: 0.0-3.5%
mean: 18 (6.1%), range: 0.0-29%

225
17

M:

DAR conclusion
Benfluralin caused an increased incidence of skull variations (accessory bones in the suture line) at the top-dose,
which was clearly maternotoxic (decreased food consumption, reduced body weight gain, and increased abortion
rate). It was considered that this type of variant was not necessarily adverse, as this would not compromise normal
development of the animal. As the incidence of malformations was not affected by the treatment, the substance
was not considered a specific developmental toxicant in these experimental conditions.

Maternal toxicity NOAEL = 50 mg/kg bw/d
Maternal toxicity LOAEL = 100 mg/kg bw/d (based on food consumption and body weight gain)
Developmental NOAEL = 225 mg/kg bw/d

Developmental NOEL

= 100 mg/kg bw/d

Developmental LOEL

= 225 mg/kg bw/d (based on accesssory skull bones )
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RMS conclusion
RMS agrees with the conclusion in the DAR regarding:
Maternal toxicity (systemic) NOAEL 50 mg/kg bw/day based reduced food consumption and reduced body weight
gain at the LOAEL of 100 mg/kg bw/day.
Developmental toxicity NOAEL is set to 100 mg/kg bw/day based on increased effects on accessory skull bones at
the LOAEL of 225 mg/kg bw/day (highest dose).

Conclusions from Pesticides Peer Review expert meeting 182 (3-7 September 2018)
The experts agreed with the RMS and DAR conclusion regarding maternal NOAEL 50 mg/kg bw/day and
developmental NOAEL 100 mg/kg bw/day.

B.6.7

Neurotoxicity

Benfluralin is a dinitroaniline compound, and has no structural relationship with organophosphate compounds. In
repeated toxicology investigations, the compound provoked no histopathological changes in the brain, but
peripheral nerve pathology (sciatic nerve degeneration) was reported (2yr study) at the top-dose only. However,
given the mode of action of benfluralin, delayed neurotoxicity studies were not deemed necessary.

B.6.8

B.6.8.1

Other toxicological studies

Toxicity studies of metabolites and relevant impurities

This part is updated and two studies have been submitted on genotoxicity with benfluralin metabolite B12
identified in soil, see Vol. 3, B.8.1.1.1.

Summary
Table B.6.8.1-01 Summary of studies on genotoxicity, metabolite B12
In vitro
Purity (%area)
Acceptability
Type of test, solvent
Result
Batch No.
S. typhimurium (TA98,
TA100, TA1535 and
TA1537) and Escherichia
99.47
coli strains WP2 uvrA
Acceptable
Negative
(pKM101), plate
78454
incorporation and preincubation assay, 0 to 5
mg/plate, ± S9, DMSO
Lymphoma cells
L5178Y/tk+/-,
99.47
0-0.250 mg/mL (3h,
Negative
Acceptable
78454
±S9), 0-0.130 mg/mL
(24h, -S9), DMSO

References

Woods, I.(2018a)

Woods, I.(2018b)
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Results:
Metabolite B12 (referred to as 2,6 dinitro-4-(trifluoromethyl)phenol in the study reports) was tested according to
the Ames test and for mutagenic potential in an in vitro mammalian cell mutation assay (thymidine kinase gene).
The test item was negative in both studies.

Conclusion:
The genotoxicity hazard screening showed that metabolite B12 was negative in studies investigating gene
mutations in vitro in bacteria (OECD guideline 471) and in mammalian cells (OECD guideline 490). Both studies
(Woods, 2018a and b) were acceptable and conducted according to guidelines. According to Sanco/221/2000 rev.
10, 25 Feb 2003*, further testing should be performed as in vitro mammalian chromosomal aberration test (OECD
guideline 473) is not submitted.
*Guidance Document on the Assessment of the Relevance of Metabolites in Groundwater of Substances regulated under Council Directive
91/414/EC, Sanco/221/2000, rev. 10, 25 Feb 2003.
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B.6.8.1.1 In vitro genotoxicity in bacterial cells, metabolite B12
CA 5.8.1/01

Report No.:

Woods, I. (2018a) 2,6 dinitro-4-(trifluoromethyl)phenol: Bacterial Reverse
Mutation Test
Envigo Study Number: GX26FK

Guideline:

OECD 471

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of active substance renewal

Material and methods:

Two independent mutations tests were performed using four histidine-requiring
strains of S. typhimurium (TA98, TA100, TA1535 and TA1537) and one
tryptophan-requiring strain of E.coli WP2 uvrA (pKM101). An amount of 0.1 mL
of a 10-hour bacterial culture containing 109 cells/mL were treated with 2,6
dinitro-4-(trifluoromethyl)phenol (purity 99.47% area) dissolved in dimethyl
sulphoxide (DMSO), in the absence and in the presence of a metabolic activation
system (S9) for test article, DMSO vehicle and positive controls.
In the plate incorporation assay, 2,6 dinitri-4-(trifluoromethyl)phenol was tested in
triplicates at concentrations 0; 5; 15; 50; 150; 1500; and 5000 µg/plate (±S9) using
0.1 mL of the test item solutions. In the pre-incubation assay, the lowest
concentration tested was 15 µg/plate and the tubes containing bacteria, sodium
phosphate buffer or S9 were pre-incubated at 34-39°C for 30 min. The plates were
incubated at 34-39°C for 48 h. Achieved solution concentration was not analysed.
S9 fraction was prepared from Sprague Dawley ♂ derived rats induced with
phenobarbital/5,6-benzoflavone, and used for preparation of metabolic activation
mixture.
Each strain batch was evaluated for amino acid requirement and, where
applicable, for cell membrane permeability (rfa mutation), deficiency in DNA
excision repair system (uvrA/uvrB mutation), and the pKM101 plasmid that
confers resistance to antibiotics. The responses of the strains to a series of
mutagens were also assessed.
Positive controls were obtained by treating with suitable reference mutagens
based on the strain used and exogenous activation [+S9-mix: Benzo[a]pyrene for
S. typhimurium TA98 and TA1537 (B[a]P, 5 µg/pl), and 2-Aminoanthracene
(AAN) for S. typhimurium TA100 and TA1535 (5 µg/pl) or E.coli WP2 uvrA (10
µg/pl); -S9 mix: 2-Nitrofluorene for TA98 (2NF, 2 µg/pl); Sodium azide for
TA100 and TA1535 (NaN3, 2 µg/pl); 9-Aminoacridine for TA1537 (AAC, 50
µg/pl) and 4-Nitroquinoline-1-oxide for WP2 uvrA (NQO, 2 µg/pl)].
Test plates in both experiments were checked for background lawn and signs of
precipitation. Negative controls comprised treatments with the DMSO vehicle.
Spontaneous revertance was evaluated with regard of acceptance criteria
according to the laboratory’s historical control range. Positive response was
determined on following evaluation criteria: observation of a reproducible and
concentration related increase (≥2 for TA98, TA100 or WP2 uvrA; ≥3 for TA1535
or TA1537) in revertant numbers.
2,6 dinitro-4-(trifluoromethyl)phenol
Purity: 99.47% area
Batch No: 78454

Reference:

Test material:
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Results
2,6 dinitro-4-(trifluoromethyl)phenol was tested in seven concentrations in the plate incorporation assay, and in six
concentrations in the pre-incubation assay up to 5000 µg/plate, both in the absence and presence of S9. All plates
containing ≥1500 µg/plate appeared densely colored in both tests. Signs of toxicity were seen in strains TA1537
and WP2 uvrA (pKM101) at 5000 µg/plate in the absence and presence of S9, and in WP2 uvrA (pKM101) at
1500 µg/mL in the absence of S9 in the plate incorporation assay. Toxicity was also observed in the preincubation assay in all tester strains following exposure at 5000 µg/plate in the presence of S9 and 1500 µg/plate
and above in the absence of S9. None of the tests had significant increases in the number of revertant colonies for
any of the bacterial strains with 2,6 dinitro-4-(trifluoromethyl)phenol, either with or without S9. The mean plate
counts fell within or close the current historical control range and the positive controls caused increased incidence
of revertant colonies indicative of mutagenicity. The results of the study are presented in tables B.6.8.1.1-1 to 4.
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Table B.6.8.1.1-1

Results obtained in the absence of metabolic activation: Test 1
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Table B.6.8.1.1-1

Results obtained in the absence of metabolic activation: Test 1 (continued)
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Table B.6.8.1.1-2

Results obtained in the presence of metabolic activation: Test 1
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Table B.6.8.1.1-2

Results obtained in the presence of metabolic activation: Test 1 (continued)
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Table B.6.8.1.1-3

Results obtained in the absence of metabolic activation: Test 2
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Table B.6.8.1.1-3 Results obtained in the absence of metabolic activation: Test 2 (continued)

RMS: NO
Co-RMS: NL

- 219 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table B.6.8.1.1-4

Results obtained in the presence of metabolic activation: Test 2
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Table B.6.8.1.1-4

Results obtained in the presence of metabolic activation: Test 2 (continued)

RMS comments and conclusions
2,6 dinitro-4-(trifluoromethyl)phenol was non-mutagenic under the experimental conditions of this study. The
study is acceptable.
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B.6.8.1.2 In vitro genotoxicity testing in mammalian cells, metabolite B12
CA 5.8.1/02
Reference:
Report No.:

Woods, I. (2018b) 2,6 dinitro-4-(trifluoromethyl)phenol: In Vitro Mutation Test
using Mouse Lymphoma L5178Y Cells
Envigo Study Number TC59VG

Guideline:

OECD 490

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of active substance renewal

Material and methods:

A preliminary toxicity test and three independent mutagenicity assays were set up
to assess the ability of 2,6 dinitro-4-(trifluoromethyl)phenol to induce mutation at
the thymidine locus (TK+/-).
Single cultures of L5178Y mouse lymphoma (3.7.2c tk+/-) cells were incubated at
34 to 39°C in RPMI (3 h exposure; 6 x 106 cells/10 mL and 24 h exposure; 3 x 106
cells/10 mL) in the presence of 2,6 dinitro-4-(trifluoromethyl)phenol (99.47%
area, 1% v/v) dissolved in dimethyl sulphoxide (DMSO) at the following
concentrations of 3.91; 7.81; 15.63; 31.25; 62.5; 125; 250; 500; 1000 and 2000
µg/mL (Preliminary Toxicity Test, 3 h ±S9, 24 h -S9). DMSO vehicle controls
were tested in duplicate for each test condition (±S9). After the 3 h and 24 h
exposure, 2 x 105 cells/mL were incubated and sampled after 24 and 48 h to assess
growth in suspension and the cell density was readjusted to 2 x 10 5 cells/mL after
24 h, if necessary.
Prior to commencing testing, osmolality of the test item and pH fluctuations in the
medium were investigated. Achieved solution concentration was not analysed. S9
fraction was prepared from Sprague Dawley ♂ derived rats induced with
phenobarbital/5,6-benzoflavone, and used for preparation of metabolic activation
mixture.
In the Mutation Test, duplicate cultures (3 h exposure; 1.2 x 10 7/20 mL and 24 h
exposure; 6 x106 cells/20 mL) for each concentration of test item were incubated
at 34 to 39°C for 3 h at the following concentrations of 25 +, 50±, 100±, 150±, 200±,
250± and 300± µg/mL, and for 24 h at 10-, 40-, 60-, 80-, 100-, 115-, 130- and 150µg/mL (exponent means ±S9). Positive controls were included in the mutation
assay as duplicate cultures by treatment with methyl methansulphonate (MMS 3 h;
10 µg/mL and 24 h; 5 µg/mL, -S9) and Benzo[a]pyrene (B[a]P) 3 h; 1.5 µg/mL,
+S9). DMSO vehicle controls were included as quadruplicate cultures (±S9).
Following treatments, 2 x 105 cells/mL were incubated for further 48 h for
expression of mutants, and the cultures were sampled after 24 and 48 h to assess
growth in suspension. The cell density was readjusted after 24 h to 2 x 10 5
cells/mL, if necessary.
After 48 h, 1 x 105 cells/mL were assessed for cloning efficiency and mutant
potential by plating in 96-well microtitre plates, two plates per culture. For
cloning efficiency, the plates (1.6 cells/well) were incubated for 10 to 12 days.
Cultures assessed for determination of the mutant phenotype were 25+, 50-, 100+,
150±, 200± and 250± µg/mL (exponent means ±S9, 3 h exposure) and 10, 60, 100,
115 and 130 µg/mL (-S9, 24 h exposure). Mutant potential was assessed by
plating 2 x 103 cells/well in selective medium containing 4 µg/mL
trifluorothymidine (TFT) and grown for 10 to 12 days. Relative total growth
(RTG) for each culture was calculated as a function of relative suspension growth
(RSG) and relative cloning efficiency (RCE). The cloning efficiency (CE) was
determined according to the Poisson distribution. Criteria for determine positive
response: if the increase in mutant frequency (MF) exceeds the Global Evaluation
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Test material:

Factor (GEF) of 126 x 10-6 accompanied by a significant positive linear trend
(p<0.05), and that the increase in MF occurs above 10% RTG.
2,6 dinitro-4-(trifluoromethyl)phenol
Purity: 99.47% area
Batch No: 78454

Results
2,6 dinitro-4-(trifluoromethyl)phenol was tested in the preliminary toxicity test for 3 h the absence and presence of
metabolic activation and for 24 h in the absence of metabolic activation at concentrations from 3.91 to 2000
µg/mL in. The 3 h exposure resulted in >10% relative suspension growth (RSG) at 250 µg/mL and the RSG values
ranged from 108 to 1% and from 102 to 1% in the absence and presence of metabolic activation, respectively.
Exposure for 24 h resulted in >10% RSG at 125 µg/mL and RSG values from 102 to 0%. In the 3 h mutation test,
acceptable relative total growth (RTG) values above 10% were seen in concentrations from 50 to 250 µg/mL and
from 25 to 250 µg/mL in the absence and presence of metabolic activation, respectively. Acceptable RTG
concentrations in the 24 h exposure in the absence of metabolic activation ranged from 10 to 130 µg/mL. For all
test concentrations in all three mutation assays, there were no increases in the mean mutant frequencies above the
mean vehicle control and the Global Evaluation Factor (GEF), within acceptable levels of treatment-related
cytotoxicity. The positive controls induced acceptable increase in mutant frequency and acceptable number of
small colony counts. No precipitation was observed in either tests. The study is acceptable. The results are shown
in tables B.6.8.1.2-1 to 3.
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Table B.6.8.1.2-1

Main mutation test – 3-hour treatment in the absence of S9 mix
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Table B.6.8.1.2-2

Main mutation test – 3-hour treatment in the presence of S9 mix
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Table B.6.8.1.2-3

Main mutation test – 24-hour treatment in the absence of S9 mix

RMS comments and conclusions
2,6 dinitro-4-(trifluoromethyl)phenol was non-mutagenic under the experimental conditions of this study. The
study is acceptable.
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B.6.8.2

Supplementary studies on the active substance

CA 5.8.2/01
Reference:

(2010)
Benfluralin: Profiling benfluralin-induced molecular, cellular, and biochemical
changes in male F344/
rats

Report No.:

090246

Guideline:

None available

GLP:

No

Previous evaluation:

Submitted for the purpose of renewal

Material and methods:

The purpose of this study was to examine the possible mode of action (MoA) for
benfluralin-induced liver tumors in F344/
rats. In this study, male F344/
rats (6/dose/time period) were exposed to 0 and 5,000 ppm benfluralin in the diet for
7 or 14 days. The endpoints examined were; Serum: clinical chemistry and thyroid
hormone analysis; Liver: histopathology, targeted gene expression, cytochrome P450
enzymatic activity, and hepatocellular proliferation; Thyroid: histopathology and cell
proliferation.
One day prior to exposure, 7 and 14-day exposure group animals were implanted
with mini-osmotic pumps model 2ML1 or 2ML2, respectively. Incorporation of 5bromo-2’-deoxyuridine (BrdU; a structural analog of thymidine) into nuclear DNA
was used as a surrogate marker of cell proliferation. Rats were continuously infused
with BrdU via the implanted osmotic pumps filled with a 20 mg/ml solution of BrdU
in phosphate buffered saline (pH 7.6), at a delivery rate of 10.0 or 5.0 μl/hour for
pump model 2ML1 (7 days of treatment) and 2ML2 (14 days of treatment),
respectively.
All rats were weighed on Day -1 (before osmotic pump implantation), 8, and 15 (Day
15 body weights were only collected from animals assigned to the 14 day study). At
the time of necropsy, after the animal was euthanized, the osmotic pumps were
removed and weighed individually. The osmotic pump weight was subtracted from
the rat’s individual body weight recorded before blood collection to get an accurate
terminal body weight. Body weight gains, feed consumption and test material intake
were also calculated.
Microsome Isolation
Frozen samples of the liver were thawed on ice and homogenized using a PotterElvehjem apparatus. Microsomes were isolated using the method outlined by
Guengerich (1982) 1. A 1:5 ratio of wet weight tissue to homogenization buffer was
used for all samples. Briefly, tissues were homogenized in a Tris-buffered KCI
solution containing EDTA and an antioxidant (butylated hydroxyanisole). Upon
centrifugation at 9,000xg to remove cell debris, blood cells, and large organelles, the
recovered supernatant was recentrifuged at 100,000xg for 60 minutes to pellet
microsomes. The pellet was then resuspended in a pyrophosphate solution to remove
In Vitro Enzyme Assays
Cyp1a enzymatic activity, an indication of aryl hydrocarbon receptor (AhR) activity,
was measured using ethoxyresorufin Odealkylase (EROD), and Cyp2b activity was
evaluated by pentoxyresorufin Odealkylase (PROD) activity, using a microplate

1

Guengerich, F. P. (1982). Microsomal enzymes involved in toxicology - Analysis and separation. In, Principles and Methods of Toxicology
(A. W. Hayes, Ed.), pp. 609- 634, Raven Press, New York.
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fluorometric method outlined by Kennedy and Jones (1994)2. Briefly, these methods
involved the measurement of the In Vitro O-dealkylation of 7-alkoxyresorufins to a
highly fluorescent product, resorufin, by relatively closely related microsomal MFOs.
Additionally, microsomal uridine 5'-diphospho-glucuronosyltransferase
(UDPglucuronosyltransferase, UGT) activity was measured as the glucuronide
conjugation of a 1-naphthol substrate using the fluorometric method outlined by
MacKenzie and Hanninen (1980)3 and modified for use in a microplate fluorometer.
Appropriate positive controls were run with enzyme assays.

Test material:

Benfluralin

Lot/Batch No:

ACD13683 (TSN100037)

Purity:

97.5 %

Stability of dietary

Stable for up to 14 days at room temperature with a maximum concentration change

formulations:

of ≤ 11%

Rat age at study start:

6 weeks

Test material intake

7-day group: 449 mg/kg/day
14-day group: 436 and 435 mg/kg/day at 7 and 14 days

(5000 ppm):
Indicators of nuclear-

Cyp2b1, Cyp2b2, Cyp3a23/3a1, Cyp4a1, Ugt1a6, Ugt2b17

receptor activation:

Results
Mortality:
All rats survived the treatment period.

Clinical signs
No treatment-related clinical observations noted during the treatment period.

Food consumption, body weight and body weight gain:
Treatment-related changes following 7 or 14 days of treatment are summarized in Table B.6.8.2-01.Treated males
in both the 7 and 14-day exposure groups had an 8.4 and 6.0% reduction in feed consumption, respectively, at 7
and 14 days. Only the 7-day exposure group was identified as statistically significant. Although not significantly
identified, rats given 5,000 ppm dietary benfluralin had lower body weights (4.0 and 4.1% reduction in body
weight, respectively, at 7 and 14 days) and body weight gains (22.7 and 12.1% reduction in body weight gain,
respectively, at 7 and 14 days) that correlated with lower feed consumption.

2

Kennedy, S. W. and Jones, S. P. (1994). Simultaneous measurement of cytochrome P4501A catalytic activity and total protein concentration
with a fluorescence plate reader. Anal. Biochem. 222:217-223.
3
MacKenzie, P. I. and Hanninen, O. (1980). A sensitive kinetic assay for UDP glucuronosyltransferase using 1-naphthol as substrate, Anal.
Biochem. 109:362-368.
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Table B.6.8.2-01: Effects on body weight, body weight gain and food consumption following 7 or 14 days of treatment
7 Day exposure
14 day exposure
Dose (ppm)

0

5000

0

5000

Number of rats

6

6

6

6

Body weight (kg)

151.9

145.8 (↓ 4%)

181.5

174.0 (↓4.1%)

Body weight gain (kg)

31.7

24.5 (↓22.7 %)

61.0

53.6 (↓12.1 %)

Food consumption

13.1

12.0 * (↓ 8.4%)

15.1

14.2 (↓6.1%)

Clinical chemistry:
Treatment-related changes following 7 or 14 days of treatment are summarized in Table B.6.8.2-02. Serum total
cholesterol concentrations were significantly higher in treated rats, while triglycerides were significantly lower
following 7 and 14 days of exposure and were considered treatment related. Serum alkaline phosphatase levels
were also significantly decreased at 7 and 14 days, possibly due to the slight decrease in feed consumption as
compared to controls. Following 14 days of benfluralin exposure, serum gamma-glutamyl transpeptidase (GGT)
activity was significantly elevated. As there was no histopathologic evidence of hepatobiliary disease, this increase
in serum GGT was interpreted to be due to induction of microsomal enzymes (discussed below) by benfluralin.
Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were significantly reduced
after 14 days of treatment. Total serum protein and albumin concentrations were significantly increased and were
interpreted to be associated with reduced hydration in treated rats.
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Table B.6.8.2-02: Clinical chemistry parameters after 7 and 14 days of treatment
7 Day exposure
14 day exposure
Dose (ppm)

0

5000

0

5000

Number of rats

6

6

6

6

Cholesterol (mg/dl)

84

104*

83

102*

Triglycerides (mg/dl)

207

133*

242

125*

Alkaline phosphatase (ALP)
(u/l)
Gamma-glutamyl
transpeptidase (GGT) (u/l)
Aspartate aminotransferase
(AST) (u/l)
Alanine aminotransferase
(ALT) (u/l)
Total protein (g/dl)

245

186*

322

235*

2

3*

80

67*

53

37*

6.1

6.4*

3.8

4.0*

Albumin (g/dl)
*Statistically different from controls at alpha = 0.05

T3, T4, and TSH data for all animals are summarized in Table 11 and individual data are reported in Appendix
Tables 7 and 8. Statistical analysis of T3, T4, and TSH data is presented in Table 12. At 7 days, T3 and T4 levels
were significantly decreased while TSH was not significantly altered. At 14 days, only T4 remained significantly
decreased while both T3 and TSH were not altered.

Table B.6.8.2-03: Serum concentrations of thyroid hormones after 7 and 14 days of treatment
7 Day exposure
14 day exposure
Dose (ppm)

0

5000

0

5000

Number of rats

6

6

6

6

T3 (ng/dl)

115.28

93.64*

118.07

106.09

T4 (ug/dl)

5.57

2.15*

4.95

2.55*

4.80

4.63

Thyroid stimulating hormone 3.64
5.34
(TSH)
*Statistically different from controls at alpha = 0.05

Anatomic pathology:

Organ weights
Organ weight data for all animals are summarized in Table B.6.8.2-04. At 7 days, absolute and relative liver
weights were elevated 24.9 (6.866 g in control and 8.575 g in treated) and 30% (4.519 g in control and 5.876g in
treated), respectively. Following treatment for 14 days, absolute and relative liver weights were elevated 30 (7.703
g in control and 10.024 g in treated) and 35.3% (4.244 g in control and 5.757 g in treated), respectively. These
liver

weight

alterations

were

statistically

identified,

correlated

with

microscopic

observation

of

centrilobular/midzonal hypertrophy, and were considered treatment related. Absolute and relative thyroid weights
of treated rats were 17 and 21% higher than the respective controls after 7 days, respectively; and following 14
days of treatment they were elevated 16 and 22%, respectively, compared to controls. With the exception of the
absolute thyroid weight at 7 days, all other thyroid weight changes were statistically identified. The higher thyroid
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weights in treated males correlated with microscopic observation of very slight follicular cell hypertrophy, and
were considered treatment related.

Table B.6.8.2-04: Absolute and relative organ weights after 7 and 14 days of treatment
Liver
Thyroid gland
Dose (ppm)

7 days of treatment
g

0
5000

g/100

g

g/100

6.87

4.52

0.0083

0.0055

8.575*

5.876*

0.0097

0.0066*

7.70

4.24

0.0086

0.0047

10.024*

5.76*

0.01*

0.006*

14 days of treatment
0
5000

*Statistically different from controls at alpha = 0.05

Histopathology
Histopathological changes observed in the liver and thyroid are listed in Table B.6.8.2-05. Benfluralin-induced
liver effects consisted of very slight hypertrophy (enlargement) of hepatocytes in the centrilobular and midzonal
regions of the hepatic lobule. In addition, the cytoplasm of the hypertrophied hepatocytes was more homogeneous
with increased eosinophilia as compared to controls. In the thyroid gland, treatment-related microscopic changes
were minimal. Very slight follicular cell hypertrophy was seen in 3 of 6 treated males after 7 days of benfluralin
exposure and 4 of 6 treated males following 14 days of exposure. In the affected thyroids, the epithelial cells
lining the central follicles were very slightly increased in overall cell size and cell height with a concomitant
decrease in the follicular lumen area as compared to control follicles.

Table B.6.8.2-05: Histopathological observations after 7 and 14 days of treatment
7 Day exposure
Dose (ppm)
Liver

Thyroid
gland

14 day exposure

0

5000

0

5000

Number examined

6

6

6

6

Hypertrophy with altered tinctorial properties;
hepatocyte;
centrilobular/midzonal, very slight
Extramedullary Hematopoiesis; multifocal,
very slight
Necrosis; hepatocyte; focal, very slight

0

6

0

6

1

0

1

0

Mitotic Alteration; increased; hepatocyte;
multifocal, very slight
number examined

4

3

3

3

6

6

6

6

Hypertrophy, follicular cell, diffuse Very slight

1

3

0

4

Ectopic Tissue; focal

0

1

1

0

Targeted gene expression
A summary of targeted gene expression is presented in Table B.6.8.2-06. The CAR-related transcripts, Cyp2b1
and Cyp2b2 were significantly elevated 474.79 and 11.45-fold, respectively, at 7 days and 343.77 and 12.09-fold,
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respectively, at 14 days. The PXRrelated transcript, Cyp3a3 was significantly elevated 9.40 and 7.48-fold, at 7 and
14 days, respectively. The PPARα-related transcript, Cyp4a1 was not altered at 7 or 14 days. Two T4-specific
UGT genes, Ugt1a6 and Ugt2b17, were significantly elevated 7.43 and 7.33-fold, respectively at 7 days and 6.94
and 8.30-fold at 14 days, respectively.

Table B.6.8.2-06: Targeted gene expression (expressed as fold-change compared to control after 7 and 14 days of
treatment).
7 Day exposure
14 day exposure
Dose (ppm)

0

5000

0

5000

Cyp 2b1

1

474.79*

1

343.77*

Cyp 2b2

1

11.45*

1

12.09*

Cyp 3a3

1

9.40*

1

7.48*

Cyp 4a1

1

0.89

1

0.97

Ugt 1a6

1

7.43*

1

6.94*

Ugt 2b17

1

7.33*

1

8.30*

* * Significantly different at P = 0.05 and ≥ 1.5 fold-change criterions.

Liver Metabolic Enzyme Activities
Liver metabolic enzyme values are presented in Table B.6.8.2-07 for the 7 and 14-day exposures. Liver EROD
(AhR), PROD (CAR), and UGT-related enzyme activities were all significantly elevated 3.52, 6.55, and 2.46-fold,
respectively at 7 days and 3.28, 4.46, and 2.67-fold, respectively at 14 days.

Table B.6.8.2-07: Liver Enzyme Activity (picomole/min/mg protein) after 7 and 14 days of treatment
7 Day exposure
14 day exposure
Mean activity

Fold change

Mean activity

Fold change

Dose (ppm)

0

5000

0

5000

EROD

12.74

44.81

3.52*

12.30

40.36

3.28*

PROD

1.45

9.51

6.55*

1.81

8.09

4.46*

UGT

1.26

3.09

2.46*

1.11

2.96

2.67*

* * Significantly different at P = 0.05 and ≥ 1.5 fold-change criterions.

Cell Proliferation by BrdU
Results from the BrdU proliferation analysis are presented in Table B.6.8.2-08 for the liver and Table B.6.8.2-09
for the thyroid. At 7 days, hepatic proliferation was significantly elevated only in the periportal region, whereas by
14 days, proliferation was significantly elevated in all regions of the liver (centrilobular, midzonal, and periportal).
Thyroid follicular cell proliferation was significantly elevated at 7 days, however, returned to near control levels
by 14 days.
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Table B.6.8.2-08: Liver Proliferation as Measured by BrdU) after 7 and 14 days of treatment
7 Day exposure
14 day exposure
Mean activity

Fold change

Mean activity

Fold change

Dose (ppm)

0

5000

0

5000

centrilobular

26.4

28.0

1.06

21.8

30.6

1.4*

midzonal

38.3

45.1

1.18

46.8

57.0

1.22*

periportal

29.3

48.5

1.66*

40.1

62.4

1.56*

Total

31.3

40.6

1.29

36.2

50.0

1.38*

Score: Mean % positive hepatocytes based on 1000 cells/zone/animal, *=statistically identified, Dunnett’s test (α≤0.05).

Table B.6.8.2-09: Thyroid Proliferation as Measured by BrdU) after 7 and 14 days of treatment
7 Day exposure
14 day exposure
Mean activity
Dose (ppm)

0

5000

Follicular

6.43

9.97

Fold change

1.55*

Mean activity

Fold change

0

5000

5.05

6.05

1.20

Score: Mean % positive thyroid follicular cells based on 1000 cells/animal, *=statistically identified, Dunnett’s test (α≤0.05).

RMS comments and conclusions
In the current investigation, with the purpose to examine the possible mechanism for benfluralin-induced liver
tumors in F344/

rats , there were some indications that CAR may be involved, as elevated activities of the

hepatic enzymes PROD and UGT, as well as hepatocellular proliferation was demonstrated. However, as also
elevated levels of EROD were demonstrated, a mechanism involving activation of the Ah-receptor cannot be
excluded. In the study report from the notifier, it is suggested that the elevated EROD activity is likely produced
through a rat specific AhR-independent mechanism. The notifier argument is however not supported by studies
with benfluralin showing no activation in mice. It is to be noted that in the previous evaluation (DAR, 2006),
CYP1-450 induction assayed by determining the p-nitroanisole O-demethylase activity, was detected in the short
term toxicity study with mice. This indicates Ah-receptor activation in the mice. To RMS’s opinion the
mechanism of liver tumours induced by benfluralin has therefore not yet been fully demonstrated. Notably, the
involvement of CAR in this mechanism has not yet been fully investigated as apparently no studies have been
conducted with human cells, or with CAR knockout mice.

With respect to the possible mechanism for thyroid tumours, UGT activation and as well as decrease in T4 was
demonstrated. However, as TSH was not affected, the possible mechanism that the decrease in T4 stimulates the
pituitary to release more TSH that drives the thyroid to make more T4, was not demonstrated.

In conclusion, the possible mechanisms for benfluralin-induced liver and thyroid tumours have not been
demonstrated by the current investigation.
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B.6.8.3

Studies on endocrine disruption

B.6.8.3.1 Summary
Several tests on endocrine disruption (ED) belonging to level 2, 3 and 4 of the OECD conceptual framework (CF)
have been submitted for benfluralin (Table 6.8.3.1 – 01). For investigating possible modes of action (MoA) for
endocrine effects, five in vitro studies (level 2) and two in vivo studies (level 3) have been submitted. For
investigating adverse effects in vivo, two studies from level 4 have been submitted. These ED-specific studies
were originally conducted as a part of the Tier 1 screening battery under the United States Environmental
Protection Agency (US EPA) screening program for endocrine disruption (EDSP). Consequently, most studies
were conducted in accordance with the US EPA test guidelines (except for the Hershberger and Uterotrophic
assays, which were conducted according to both US EPA and OECD guidelines). For studies conducted according
to the US EPA guideline only, but where corresponding OECD guidelines are available, an overall assessment
have been made according to both guidelines. In cases where the interpretation criteria in the two guidelines
differs, the interpretation criteria in the corresponding OECD guideline has been used.

In addition to the ED-specific tests, the CF also list several other regulatory studies (e.g. repeat-dose toxicity
studies, the 2-generation study) as relevant sources of information when assessing ED-effects. However, the
relevance of these studies for ED-endpoints highly depend on whether or not the study has been conducted
according to the newer versions of the test guideline, as older versions of the test guidelines typically did not
include many ED-endpoints. This is the case for benfluralin; most of the regulatory studies submitted are of older
date and thus less relevant for ED-endpoints. However, in cases where ED-endpoints have been included in the
regulatory studies listed as relevant in the OECD CF, this has been considered in the weight of the evidence
(WoE) analysis in Volume 1.

Conclusion from the Pesticides Peer Review expert meeting 182 (3-7 September 2018)
An endocrine disrupting potential cannot be excluded for benfluralin, clarification on the plausible link between
the mode of action and the adverse effect is needed.
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Table 6.8.3.1-01: Available studies on endocrine disruption in mammalian toxicology, arranged according to level 2 – 4
in to the OECD Conceptual Framework (CF). These studies were submitted for the purpose of renewal of benfluralin.
Study
Guideline,
Purity,
Results/Remarks
Reference
Study
GLP
Batch
ID
Doses
Vehicle

Estrogen
receptor
binding assay

US EPA
890.1250
GLP

Estrogen
receptor
transcriptiona
l activation
assay
Androgen
receptor
binding assay

US EPA
890.1300
GLP

Steroidogenes
is assay

US EPA
890.1550
GLP

Human
recombinant
aromatase
assay

US EPA
890.1200
GLP

Uterotrophic
assay

US EPA
890.1600/
OECD 440
GLP

Hershberger
assay

US EPA
890.1150
GLP

US EPA
890.1400/
OECD 441
GLP

Female
pubertal and
thyroid
function
assay

US EPA
890.1500
GLP

Male pubertal
and thyroid
function
assay

US EPA
890.1450
GLP

97.5%
ACD13683
10-10 – 10-3
M
Ethanol
97.5%
ACD13683
10-10 – 10-4
M
DMSO
97.5%
ACD13683
10-10 – 10-3
M
Ethanol
97.5%
ACD13683
10-10 – 10-4
M
DMSO
97.5%
ACD13683
10-10 – 10-4.5
M
DMSO
97.5%
ACD13683
0, 25, 75,
200 mg/kg
bw/day
97.5%
ACD13683
0, 50, 250,
750 mg/kg
bw/day
97.5%
ACD13683
0, 25, 75,
300 mg/kg
bw/day

97.5%
ACD13683
0, 25, 100,
400 mg/kg
bw/day

In vitro assays – OECD CF level 2
Negative.
The study is considered supplementary.

LeBaron, M.J,
Schisler, M.R,
and Visconti,
N.R (2011a)

111123

Positive.
The study is considered supplementary.

LeBaron, M.J
and Kan, H.L
(2011).

101184

Negative.
The study is considered supplementary.

LeBaron, M.J,
Schisler, M.R,
and Visconti,
N.R (2011b)

111097

Negative.
The study is considered supplementary.

LeBaron, M.J,
Kan, H.L and
Perala, A.J
(2011c).

101183

Negative.
The study is considered supplementary.

Coady, K.K
and Sosinski,
L.K (2011).

101143

In vivo assays – OECD CF level 3
Negative for estrogenic effects.
Some indications of anti-estrogenicity
(significantly reduced wet and blotted uterine
weights)

101116

(2011).

Positive for anti-androgenic effects (significant
reduction in weights of two ASTs). Negative
for androgenic effects.

101114

(2012a).
In vivo assays – OECD CF level 4
Positive, based on the delay in vaginal opening
at 300 mg/kg bw/day with corresponding
increased age at first estrus, decreased weights
of the pituitary, ovaries and blotted uterus, and
significantly decreased T4 levels in mid- and
high-dose groups with corresponding increases
in TSH levels at the highest dose group.
Positive, based on significant decreases in
several androgen sensitive tissues
corresponding with significantly decreased
levels of serum testosterone and slight
decreased spermatic elements in the right
epididymis, in addition to significant effects on
thyroid endpoints (decreased T4 levels with
corresponding increases in TSH levels,
increased thyroid weights and altered thyroid
histopathology).

111073

(2012b).

111074

(2012c).
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B.6.8.3.2 OECD Conceptual Framework Level 2 Studies
CA 5.8.3/01
Reference:

LeBaron, M.J., Schisler, M.R., and Visconti, N.R. (2011a) Evaluation of Benefin
in an in vitro estrogen receptor binding assay.

Report No.:

The Dow Chemical Company, Report No. 111123.

Guideline:

US EPA OPPTS 890.1250 (2009)

GLP:

Yes

Acceptability

Supplementary

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

Uterine cytosol from
:CD(SD) rats was used as the source of estrogen receptors
(ER) to evaluate the potential for benfluralin to displace the bound reference
estrogen, radiolabelled [3H]-17β-estradiol, from the ER. A saturation binding
experiments was conducted to demonstrate that the ER isolated from rat uterine
cytosol was present in reasonable numbers and was functioning with appropriate
affinity for the radiolabeled ligand. Saturation binding data were not presented in the
study report. However, the results from the saturation binding experiment were
submitted separately. The competitive binding experiment was conducted to measure
the binding of a single concentration of [3H]-17β-estradiol (1 nM) in the presence of
increasing concentrations of 10-10 to 10-3 M benfluralin. Ethanol was used as a
vehicle at a final concentration <3%. The assay included 19-norethindrone as a weak
positive control, octyltriethoxysilane as a negative control, and 17-β-estradiol as the
natural ligand reference material. In addition, control tubes were treated with the
solvent (ethanol) for determination of full binding capacity and calculation of relative
binding activity. Three independent runs were conducted with 3 three replicates per
concentration per run.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
-

Stability and concentration checks were not performed for the control substances (19-norethindrone,
octyltriethoxysilane and 17-β-estradiol) used in this study. However, the responsiveness of the assay
system to the positive control substances met the expectations. This deviation is considered acceptable.

-

19-norethindrone (CAS 68-22-4) was used as weak positive control instead of the weak positive control
given in the US EPA guideline; norethylnodrel (CAS 68-23-5). In the study report, it is stated that 19norethindrone was used because norethynodrel was not commercially available. This deviation is
considered acceptable.

-

The concentration of estrogen receptors (ERs) was outside the range recommended in the guideline for
both the batch used in the saturation binding experiment and the competitive binding experiment.

-

The saturation binding experiment was not included in the study report for the ER binding assay, and the
raw data was not provided. According to US EPA guideline, both the saturation binding and the
competitive binding experiment must be reported and evaluated. Following a request from the RMS, the
results from the saturation binding experiment have been provided by the applicant in the format of a
draft evaluation report, the US EPA format for reporting studies. However, since the raw data for this
experiment is missing, the RMS has not been able to control these results. In addition, only one run was
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performed in the saturation binding experiment. This is not in accordance with the US EPA guideline,
which requires three adequate independent runs in an experiment. This study is therefore considered
supplementary.
Results and discussion:
In the saturation binding experiment, the values for the dissociation constant (Kd), the maximal binding capacity
(Bmax) and the non-specific binding were within the range recommended in the guideline (Table B.6.8.3.2-01).
Furthermore, the specific binding reached a plateau, and non-specific binding was less than 20% of total binding
at all concentrations, as required by the guideline (Figure B.6.8.3.2-01). However, as evident in B.6.8.3.2-02, the
Scatchard plot did not indicated a linear response. Since only one run was conducted, it is not possible to assess
consistency across runs.

Table B.6.8.3.2-01: Saturation Binding Experiment of 17β-estradiol with Estrogen Receptor from Rat Uterine
Cytosola
Parameter

Run 1b

Run 2

Run 3

Runs 1-3

R2

0.9617

N/A

N/A

N/A

Bmax (nM)

0.07097

N/A

N/A

N/A

Bmax (fmol/100 μg protein)

59.28

N/A

N/A

N/A

Kd (nM)

0.1032

N/A

N/A

N/A

(unweighted)

a Data from the saturation binding experiment was not included in the study report, only the results have been provided.
b Only a single run of the Saturation Binding Experiment was conducted on the batch of cytosol used for this Competitive Binding
Experiment.
R2 Goodness of fit for curve calculated for specific binding

Figure B.6.8.3.2-01 Binding of [3H]-17β-estradiol to the Estrogen Receptor during the Saturation Binding Experiment.
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Figure B.6.8.3.2-02. Scatchard Plot of the Binding of [3H]-17β-estradiol to the Estrogen Receptor.
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In the competitive binding experiment, all performance criteria were met for the reference chemicals 17βestradiol, 19-norethinedrone, and octyltriethoxysilane. However, it should be noted that the concentration of
receptors was outside the range recommended in the guideline for both the batch used in the saturation binding
experiment and the competitive binding experiment.

Figure B.6.8.3.2-03 to 06 shows the relative ER binding activity for the control compounds and benfluralin. As
evident from these graphs, benfluralin was not tested over a concentration range that fully defined the top of the
curve. However, since the concentration range specified in the guideline has been used, the concentration range
tested is considered acceptable.
The displacement of 17β-estradiol by did not meet or exceed 50% in any of the three assays (Table B.6.8.3.2-02).
Thus, a log IC50 could not be determined for benfluralin. The maximum measured displacement was 87.8%,
78.0% and 80.5% in run 1, 2 and 3, respectively. In the study report, benfluralin was classified as non-interactive
(“0”) for all three runs (Table B.6.8.3.2-02), based on the measured displacement values. The RMS agrees that run
1 and 3 should be classified as non-interactive (“0”), since the binding of radiolabeled 17β-estradiol at the limit
concentration of benfluralin (10-3 M) was 87.8% in run 1 and 80.5% in run 3. Furthermore, for these runs the
calculated bottom of the curve was at 87.7% and 75.9%, respectively, which is below the criteria in the US EPA
guideline. However, in run 2, the calculated bottom of the curve at the 95% confidence interval was 70.2%. This
means that benfluralin meets the criteria for equivocal (“1”) when looking at the calculated bottom of the curve,
but when looking at the measured displacement values benfluralin is non-interactive. The applicant argues that the
95% confidence intervals for the bottom (23% to 117%), top (98% to 101%), Hill slope (-2.5 to 0.7), and log
EC50 (-5.5 to -1.5) of the curve indicated a relatively poor fit to the model. The RMS agrees that because of the
poor fit to the model, it may be more appropriate to use the lowest average percent binding among concentration
groups (78%). Overall, this is not a major issue - even if run 2 is regarded as equivocal (“1”), the combined result
(0 + 1 + 0 = 0.333) would still mean that benfluralin is to be classified as not interactive (combined result <0.5).
Therefore, benfluralin is regarded as not interactive under the conditions tested in this experiment.
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Table B.6.8.3.2-02: Competitive binding experiment of benfluralin (benefin) with estrogen receptor from
rat uterine cytosol. Assay #1-3 corresponds to run 1-3.a

Data Interpretation for each run: Interactive = 2; Equivocal = 1; Not interactive = 0; Equivocal up to the limit of concentrations
tested (“missing”, i.e., not included in calculation of mean).
a
The mean and standard deviations are reported for the combined runs.
n/a
Not applicable
R2
Goodness of fit
IC50
Concentration of the test substance at which 50% of the radioligand is displaced from the AR by the competitor.
RBA (%) Relative binding affinity.

Figure B.6.8.3.2-03. Run 1. Relative binding activity for strong positive (17β-estradiol), weak positive
(19-norethindrone), negative control (octyltriethoxysilane), and benfluralin (benefin).
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Figure B.6.8.3.2-04. Run 2. Relative binding activity for strong positive (17β-estradiol), weak positive
(19-norethindrone), negative control (octyltriethoxysilane), and benfluralin (benefin).

Figure B.6.8.3.2-05. Run 3. Relative binding activity for strong positive (17β-estradiol), weak positive
(19-norethindrone), negative control (octyltriethoxysilane), and benfluralin (benefin).

Figure B.6.8.3.2-06. Mean and standard error of the mean for the run 1-3. Relative binding activity for
benfluralin (benefin).
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Conclusion
The study is considered supplementary, because the saturation binding experiment was not included in the study
report. Only the results have been provided. Following exposure to benfluralin, the displacement of 17β-estradiol
did not meet or exceed 50% in any of the three runs. Thus, a log IC50 could not be determined for benfluralin. The
combined results of the in vitro ER binding assay indicate that under the conditions of this study, benfluralin is
classified as non-interactive at concentrations up to 10-3 M.
CA 5.8.3/02
Reference:

LeBaron, M.J., Kan, H.L. (2011) Evaluation of Benefin in an in vitro estrogen
receptor transcriptional activation assay in human cell line Hera-Hela-9903.

Report No.:

The Dow Chemical Company, Report No. 101184.

Guideline:

US EPA OPPTS 890.1300 (2009)

GLP:

Yes

Acceptability

Supplementary

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

HERα-HeLa-9903 cells cultured in vitro were exposed to benfluralin at
concentrations from 10-10 to 10-4 M for 24 hours. The highest concentration was
based on the limit of the solubility and acceptable cytotoxicity in this assay system.
Dimethyl sulfoxide (DMSO) was used as a vehicle at a final concentration <1%.
Three independent runs were performed using 96-well plates and each chemical
concentration was tested in triplicate. Cells were exposed to the test agent for 24
hours to induce reporter (luciferase) gene products. Luciferase expression in response
to activation of the estrogen receptor (ER) by benfluralin was measured after addition
of luciferin (luciferase substrate) and detection with a luminometer with acceptable
sensitivity. The adequacy of the experimental conditions for the detection of ER
agonism was confirmed by the following reference chemicals: 17β-estradiol (strong
agonist), 17α-estradiol (weak agonist), 17α-methyltestosterone (very weak agonist),
and corticosterone (negative). In addition, control cultures were treated with the
solvent (DMSO) for determination of basal transcriptional activity.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.5%
Batch No.: ACD13683

Deviation from GLP and guideline
- Concentration checks were not performed for the control substances used in this study. However, the
responsiveness of the assay system to the positive control substances met the expectations. Therefore, this
deviation is considered acceptable.
-

The density of cells per medium/well is slightly higher than the recommendations in US EPA guideline.
It should be 1x104 cells/100 µL medium/well in a 96 well plate, while in this assay it was in the range of
1-1.5 x 104 cells per 100 µL per well. This deviation is considered acceptable.

-

There were some deviations from the performance criteria for the 4 concurrent reference chemicals. For
17α-estradiol, the Hill slope was slightly low in run 2. For 17α-methyltestosterone, a low log PC50 was
measured in run 2 and 3, and a low log PC10 was measured in all three runs. However, as the values
outside the defined range indicates increased sensitivity of the assay system, these deviations are
considered acceptable.
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-

The laboratory proficiency test was not included in the study report. Following a request from the RMS,
the results from the laboratory proficiency test have been provided by the applicant in the format of a
draft evaluation report, the US EPA format for reporting studies. Since the raw data for this experiment is
missing, the RMS has not been able to control whether the results provided by the applicant is correct.
Therefore, this study is considered supplementary.

-

There are several deviations between the US EPA guideline 890.1300 and the corresponding OECD
guideline 455. For example, the chemicals used in the laboratory proficiency test differ. Such deviations
from the OECD guideline have not been used to dismiss the study, considering that it was conducted
according to the US EPA guideline. The RMS have sought to make an overall assessment of the study,
taking into account both guidelines.

Results and discussion
In the laboratory proficiency test, appropriate responses were seen for all reference chemicals except dibutyl
phthalate (Table B.6.8.3.2-03). According to the US EPA guideline, a negative result is expected for this chemical.
However, the lab response was positive. The following is specified in the US EPA guideline (2011): a positive
result in this assay with DBP would indicate that the system is detecting other than pure ERα mediated activity
and is therefore unacceptable. However, the RMS notes that in the corresponding OECD guideline, dibutyl
phthalate is not among the reference chemicals in the laboratory proficiency test. In recent years, consensus has
been reach in regards to the endocrine disrupting properties of phthalates, and it is possible that this was not taken
into account in the US EPA guideline from 2011. In the light of this, the RMS considers the results from the
laboratory proficiency test acceptable.
In the main assay, there were some deviations from the performance criteria (Table B.6.8.3.2-04). For 17αestradiol, the Hill slope was slightly low in run 2. For 17α-methyltestosterone, a low log PC50 was measured in
run 2 and 3 and a low log PC10 were measured in all three runs. However, as the values outside the defined range
indicates increased sensitivity of the assay system, these deviations are considered acceptable.

According to the guideline, a run is considered positive if the test chemical induces a response equal to or greater
than 10% of the response induced by the positive contro. This is referred to as the PC10. In this study, benfluralin
induced a response greater than the PC10 in run 2 and 4 at 10-5 M, and in all three runs at 10-4 M (Table B.6.8.3.205). Because the RPCMax ≥ PC10 in three out of three runs, benfluralin is considered positive for estrogen receptor
transcriptional activation (RPCmax is the maximum level of response induced by a test chemical, expressed as a
percentage of the response induced by the positive control).
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Table B.6.8.3.2-03: Proficiency chemicals used in the laboratory proficiency test a
Compound
Expected Response
Lab Response
Diethylstilbestrol
Positive
Positive
17α-Ethynyl estradiol
Positive
Positive
Hexestrol
Positive
Positive
Genistein
Positive
Positive
Estrone
Positive
Positive
Butyl paraben
Positive
Positive
1, 3, 5-Tris(4hydroxyphenyl)benzene
Positive
Positive
Dibutyl phthalate
Negative
Positive*
Atrazine
Corticosterone
a
*

Negative
Negative

Negative
Negative

Proficiency test data were not included in the study report. Only the results have been provided.
Dibutyl Phthalate induced a weakly positive response based on the PC10 values, but negative if based on the PC50 values.

Table B.6.8.3.2-04: Performance criteria for reference chemicals in the receptor transcriptional activation
assay (ERTA) with benfluralin.
Reference
Chemical Acceptable
Values
Acceptable
Parameter
Range
Run 4a
Run 1
Run 2
Yes
No
17β-estradiol
Log PC50
-11.4 to -10.1
-10.6
-10.6
-11
X
Log PC10
<-11
-11.9
-12.4
-12.9
X
Log EC50
-11.3 to -10.1
-10.5
-10.7
-11.2
X
Hill Slope
0.7 to 1.5
1.0
1.4
0.7
X
Test range
10-14 to 10-8 M
10-14 to 10-8 10-14 to 10-8 10-14 to 10-8 X
M
M
M
17α-estradiol
Log PC50
-9.6 to -8.1
-8.7
-9
-9.4
X
Log PC10
-10.7 to -9.3
-10
-10
-10.6
X
Log EC50
-9.6 to -8.4
-8.7
-8.9
-9.0
X
Hill Slope
0.9 to 2.0
1.0
0.7
1.0
X
Test range
10-12 to 10-6 M
10-12 to 10-6 10-12 to 10-6 10-12 to 10-6 X
M
M
M
Corticosterone
Test range
10-10 to 10-4 M
10-10 to 10-4 10-10 to 10-4 10-10 to 10-4 X
M
M
M
17α-methyltestosterone
Log PC50
-6.0 to -5.1
-5.4
-6.1
-8
X
Log PC10
-8.0 to -6.2
-8.2
-8.8
-8-9
X
Test range
10-11 to 10-5 M
10-11 to 10-5 10-11 to 10-5 10-11 to 10-5 X
M
M
M
a
Data from run 3 was not included due to insufficient positive control induction. This run was repeated as run 4.
*
These parameters were slightly out of the suggested range, but the values indicated increased sensitivity of the assay
system (i.e., decreased log PC50 and log PC10 for 17α-methyltestosterone).
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Table B.6.8.3.2-05: Relative transcriptional activation (RTA) of benfluralin in the receptor transcriptional activation
assay (ERTA).
Parameter

RTA (mean ± SD); % of Positive Control (PC)
Run 1

Run 4a

Run 2

Conc. (M)

Mean

SD

Mean

SD

Mean

SD

[10-10]

-

-

1.3

1.4

0.3

1.3

[10-9]

1.3

3.3

0.4

4.1

-5.8

3.6

[10-8]

-2.8
-4.8
0.1
7.2
19.1#

3.2
1.5
3.9
1.4
0.3

-2.9
-1.3
5.4
14.3#
18.8#

3.8
4.4
2.6
2.9
12.2

-2.3
-2.5
5.0
11.7#
13.3#

6.8
4.3
5.4
7.3
2.1

23.0#
-4.7
1.1
19.1%
10-4 M
negative

2.8

-5.6
1.1
18.8%
10-4 M
negative

-

6.0
1.3
13.3%
10-4 M
negative

-

[10-7]
[10-6]
[10-5]
[10-4]
[10-3.5]
Log EC50
Hill Slope
RPCmax
PCmax
PC50

10-4.8 M
10-5.5 M
10-5.3 M
PC10
a
Data from run 3 not analyzed due to insufficient positive control induction, therefore assay was repeated
as run 4.
#
The criterion for positive result is fulfilled, e.g. the test chemical induces a response which is 10% of the response induced
by the positive control (E2 at 1 nM) in each plate.

Figure B.6.8.3.2-07. Fold induction of relative transcription activation (RTA) of benfluralin (benefin) compared to the
positive control in run 1, 2 and 4.
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Conclusion
This study is considered supplementary, because the laboratory proficiency test was not reported. Only the results
have been provided. Because the RPCMax ≥ PC10 in three out of three runs, benfluralin is considered positive for
estrogen receptor transcriptional activation in this assay.
CA 5.8.3/03
Reference:

LeBaron, M.J., Schisler, M.R., and Visconti, N.R. (2011b) Evaluation of Benefin
in an in vitro androgen receptor binding assay.

Report No.:

The Dow Chemical Company, Report No. 111097.

Guideline:

US EPA OPPTS 890.1150 (2009)

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

Ventral prostate cytosol from Sprague Dawley rats was used as the source of
androgen receptor (AR) to evaluate the potential for benfluralin to displace a known
synthetic radiolabeled ligand (methyltrienolone (R1881)) from the AR. A saturation
binding experiment was conducted to demonstrate that the AR was isolated from rat
prostate cytosol was present in reasonable numbers and was functioning with
appropriate affinity for the radiolabeled ligand. Saturation binding data were not
presented in the study report. However, the results from the saturation binding
experiment were submitted separately. The competitive binding experiment was
conducted to measure the binding of a single concentration of [ 3H]-R1881 (1 nM) in
the presence of increasing concentrations of 10 -10 to 10-3 M benfluralin. Ethanol was
used as a vehicle at a final concentration <3%. The assay included dexamethasone as
a weak positive control and radioinert R1881 as the strong positive control. In
addition, control tubes were treated with the solvent for determination of full binding
capacity and calculation of relative binding activity. Three independent runs were
conducted with 3 three replicates per concentration per run.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
-

Stability and concentration checks were not performed for the positive control substances used in this
study.

-

In the saturation binding experiment, only two runs were conducted. This is not in accordance with the
US EPA guideline, which requires three adequate independent runs in an experiment. Additionally, the
values for both the dissociation constant (Kd) and the maximal binding capacity (B max) were outside the
range recommended in the guideline. In competitive binding experiment, the Kd was outside the range
recommended in the guideline. Furthermore, the concentration of receptors was outside the range
recommended in the guideline for both the batch used in the saturation binding experiment and the
competitive binding experiment. The applicant argues that the values for the Kd and the Bmax was only
slightly outside the recommended range, that the results were reproducible between runs, and that all
other performance criteria indicated acceptable performance of the assay. The RMS agrees that the results

RMS: NO
Co-RMS: NL

- 245 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

for the saturation binding experiment were reproducible between runs, although this would have been
more reliable if the experiment had been conducted with three runs as recommended in the guideline.
-

The saturation binding experiment was not included in the study report for the ER binding assay, and the
raw data was not provided. According to US EPA guideline, both the saturation binding and the
competitive binding experiment must be reported and evaluated. Following a request from the RMS, the
results from the saturation binding experiment have been provided by the applicant in the format of a
draft evaluation report, the US EPA format for reporting studies. However, since the raw data for this
experiment is missing, the RMS has not been able to control these results.

-

Overall, this study is considered supplementary because the saturation binding experiment has not been
reported, and because of the above mentioned deviations of Kd, Bmax, receptor concentrations and only
two runs instead of the required three runs.

Results and discussion
In the saturation binding experiment, the values for both the dissociation constant (K d) and the maximal binding
capacity (Bmax) were outside the range recommended in the guideline (Table B.6.8.3.2-06). The Kd was 0.4641 nM
(recommended range: 0.685 – 1.57 nM) and the Bmax was 3.245 fmol/100 μg protein (recommended range: 10 –
150 fmol/100 μg protein). The non-specific binding was generally within the recommended range (less than 20%
of total binding) at all concentrations except the highest concentration in run 1 at 24.6%. All other values indicated
acceptable performance of the assay. Confidence in these numbers is high according to the goodness of fit (R2 =
0.9871 - 0.9937) and the small variation among runs. Figure B.6.8.3.2-08 shows that the specific binding curve
reaches a plateau, and Figure B.6.8.3.2-09 shows that the data fits a linear Scatchard plot, as required by the
guideline. The applicant argues that the values for the Kd and the Bmax was only slightly outside the recommended
range, that the results were reproducible between runs, and that all other performance criteria indicated acceptable
performance of the assay. The RMS agrees that the results for the saturation binding experiment were reproducible
between runs, although this would have been more reliable if the experiment had been conducted with three runs
as recommended in the guideline. In competitive binding experiment, the Kd was outside the range recommended
in the guideline. Furthermore, the concentration of receptors was outside the range recommended in the guideline
for both the batch used in the saturation binding experiment and the competitive binding experiment. All other
parameters in the performance criteria were met.

The measured binding was 77.0%, 78.0% and 75.0% in run 1, 2, and 3 respectively, while the calculated bottom of
the curve was 75.0%, 72.1% and 74.2% (Table B.6.8.3.2-07). In the study report, benfluralin was classified as
non-interactive (“0”) for all three runs. The RMS agrees that run 1 should be classified as non-interactive (“0”),
even though the calculated bottom of the curve is 75%, which is right on the limit for the classification criteria.
However, the RMS has some doubts as regards to the classification of benfluralin as non-interactive (0) in run 2.
The binding of radiolabeled R1881 at the limit concentration of benfluralin (10 -3 M) was 78%, but the calculated
bottom of the curve was at 72.1%. Thus, the calculated bottom of the curve is below the limit for classification as
equivocal according to the criteria. Benfluralin could be classified as either a non-binder (“0”) or equivocal (“1”),
depending on whether the classification is based on the measured value for % total binding or the calculated
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bottom of the curve. In run 3, benfluralin was classified as equivocal (“1”) in the study report. The binding of
radiolabeled R1881 at the limit concentration of benfluralin (10 -3 M) was 75% and the calculated bottom of the
curve was at 74.2%. The RMS agrees that benfluralin should be classified as equivocal (“1”) in run 3.

According to the US EPA guideline, chemical classification is based on the average value of the three valid,
independent runs. A chemical will be regarded as a binder if the average ≥1.5, equivocal if the average is between
0.5 and 1.5 and a non-binder if the average is < 0.5. Thus, depending on whether benfluralin is classified as a nonbinder (“0”) or equivocal (“1”) in run 2, the combined result will give an overall classification of benfluralin as
either a non-binder (average across the three runs is 0.3) or equivocal (average across the three runs is 0.7). It is
unclear whether the criteria should be compared to the values for measured percent binding, or whether they
should be based on the calculated bottom of the curve. The RMS has decided to base the values on the measured
values for percent binding, and thus benfluralin should be regarded as a non-binder in this assay.
Table B.6.8.3.2-06: Saturation binding experiment of R-1881 with androgen receptor from rat prostatea
Parameter
Run 1 b
Run 2 b
Run 3 b
Mean Runs 1-2 c
0.9937
0.9871
0.9871 - 0.9937
R2 (unweighted)
0.06194
0.06590
0.06392
Bmax (nM)
3.146
3.343
3.245
Bmax (fmol/100 μg protein)
0.4359
0.4922
0.4641
Kd (nM)
a
Data from the saturation binding experiment not included in the study report. Only the results have been provided.
b
Only two runs were performed for this batch of cytosol, not three as required in the US EPA guideline.
c
The range of R2 is reported and the mean is reported for the other parameters.
R2
Goodness of fit for curve calculated for specific binding.
Figure B.6.8.3.2-08. Binding of [3H]-R1881 to the androgen receptor in the saturation binding experiment.

Figure B.6.8.3.2-09. Scatchard plot of the binding of [3H]-R1881 to the androgen receptor in the saturation binding
experiment.
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Figure B.6.8.3.2-10. Run 1. Relative AR binding activity for strong positive (R1881), weak Positive (dexamethasone),
and benfluralin (benefin)

Figure B.6.8.3.2-11. Run 2. Relative AR binding activity for strong positive (R1881), weak positive (dexamethasone),
and benfluralin (benefin).

Figure B.6.8.3.2-12. Run 3. Relative AR binding activity for strong positive (R1881), weak positive (dexamethasone),
and benfluralin (benefin).
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Figure B.6.8.3.2-13. Mean and standard error mean for relative AR binding activity for benfluralin (benefin) in assay 1
-3.

Table B.6.8.3.2-07: Competitive binding experiment of benfluralin (benefin) with androgen receptor from rat uterine
cytosol. Assay #1-3 corresponds to run 1-3.a

a
n/a
R2
IC50
RBA (%)

The mean and standard deviations are reported for the combined runs.
Not applicable
Goodness of fit
Concentration of the test substance at which 50% of the radioligand is displaced from the AR by the competitor.
Relative binding affinity.
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Conclusion
The study is considered supplementary, because the saturation binding experiment was not included in the study
report, and because of several deviations from the guideline as discussed above. Following exposure to
benfluralin, the displacement of the reference androgen (R-1881) did not meet or exceed 50% in any of the three
runs. Thus, a log IC50 could not be determined for benfluralin. Overall, the combined results of the in vitro AR
binding assay indicate that under the conditions of this study, benfluralin is classified as non-interactive at
concentrations up to 10-3 M.
CA 5.8.3/04
Reference:

Coady, K.K. and Sosinski, L.K. (2011) Evaluation of Benefin in the human
recombinant aromatase assay.

Report No.:

The Dow Chemical Company, Report No. 101143.

Guideline:

US EPA OPPTS 890.1200 (2009)

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

The potential of benfluralin to inhibit aromatase activity was assessed in three
independent runs at concentrations ranging from 10 -10 to 10-4.5 M. Evidence of test
material insolubility (in dimethyl sulfoxide (DMSO)) was observed at 10-3, 10-3.5 and
10-4 M, therefore the highest test concentration used in the results was 10 -4.5 M.
Aromatase activity was determined by measuring the amount of titrated water
produced at the end of the 15 minute incubation for each concentration of chemical.
Tritiated water was quantified using liquid scintillationcounting (LSC). In order to
assess the adequacy of the assay for detecting aromatase inhibition, each independent
run included eight concentrations of a positive control (the known inhibitor of
aromatase, 4-hydroxyandrostenedione (4-OH ASDN)). A background control and
full activity control was also included in each run, in addition to eight concentrations
of the test chemical (10-10 – 10-4.5 M) with three repetitions per concentration.

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
-

Stability of the positive control and test substances was not verified analytically in this study.

-

Two of the proficiency chemicals used in this study deviates from the recommendations in the current
version of the guideline (US EPA, 2011). Instead of using econazole and atrazine as recommended in the
guideline, prochloraz and ronidazole was used in this study.

-

The laboratory proficiency test and the positive control assay were not included in the study report for the
aromatase assay. Following a request from the RMS, the results from the proficiency test have been
provided by the applicant in the format of a draft evaluation report, the US EPA format for reporting
studies. However, since the raw data for this experiment is missing, the RMS has not been able to control
these results. In addition, the inhibition response curves only met two out of four of the performance
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criteria in run 3, and this run had large variations. Based on this, the overall conclusion is that the study is
considered supplementary.
Results and discussion
The full activity control was within the guideline recommended range in all three runs. The background controls
were in general acceptable for each run, although slightly above the upper range recommended in the US EPA
guideline (6.81% compared to 6.0%, respectively).

The mean aromatase activity of the positive control (expressed as % full control activity) ranged from 110% at the
lowest tested concentration (10-10 M) to -1.28% at the highest tested concentration (10-5 M) tested (Table B.6.8.3.208).

The inhibition response curves for the positive control (Figure B.6.8.3.2-14) met three out of four

performance criteria in run 1, all four criteria in run 2 and only two out of four of the criteria in run 3 (Table
B.6.8.3.2-09). These deviations from the guideline recommendations (US EPA, 2009) were considered minor by
the applicant because acceptable Hill slope values and goodness of fit values were obtained for all three assays. In
general, values in run 3 were more variable compared to the previous two assays, including higher background
counts and higher % of covariance for the replicate tubes.

Following exposure to benfluralin, the aromatase activity (expressed as % of full control activity) averaged from
100.3% at the lowest tested concentration (10 -10 M) to 102.3% at the highest concentration (10-4.5 M) tested (Table
B.6.8.3.2-08). The inhibition response curves for benfluralin (Figure B.6.8.3.2-15 and Figure B.6.8.3.2-16)
indicated that the aromatase activity of benfluralin was essentially equivalent to the activity observed in the full
activity control. The curve for aromatase activity after exposure to benfluralin either did not fit the four regression
model (run 1), or the aromatase activity was not lower than 75% of full activity (run 2 and 3). Thus, according to
the criteria in the US EPA guideline, benfluralin is regarded as a non-inhibitor of aromatase activity in this assay.
It should be noted that the confidences in the results from run 3 is low, due to large variations in this run (Figure
B.6.8.3.2-15). In addition, only two out of four of the performance criteria were fulfilled for positive control in run
3. Mean background counts approximately 100-fold greater than the two previous runs could explain some of the
variations observed. However, the average activity of the background control in run 3 was only slightly above the
upper range recommended in the US EPA guideline (6.81% compared to 6.0%, respectively), and the same
response pattern was seen in all three runs (no inhibition).Therefore, despite the low confidence in the results from
run 3, the overall conclusion is that benfluralin did not inhibit aromatase activity in this assay.
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Table B.6.8.3.2-08: Effect of benfluralin (benefin) on aromatase activity (as percent of control) in
three independent runs.

Chemical
4-OH ADSN
(positive control)

Benefin

Concen.
Log M
-5
-6
-6.5
-7
-7.5
-8
-9
-10
-4.5
-5
-5.5
-6
-7
-8
-9
-10

No. of
runs
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

Overall Mean
-1.28
4.68
13.29
32.40
62.17
84.33
105.43
110.32
102.30
106.38
102.13
101.94
103.97
101.38
99.76
100.03

Overall SD
0.05
1.09
0.41
1.92
3.05
3.58
2.10
3.86
4.15
3.34
12.86
3.85
6.88
11.14
4.24
3.71

SD = Standard Deviation

Table B.6.8.3.2-09: Performance criteria and best fit values with the sigmoidal dose-response (variable slope) for the
three runs of the human recombinant aromatase assay with the positive control 4-hydroxyandrostenedione (95%
confidence intervals in parentheses)

Curve Parameter

Run 1

Run 2

Run 3

Average

Performance
Criteria

BOTTOM

-0.33
(-2.2 to 2.9)

1.2
(-3.9 to 3.7)

-5.2#
(-10 to -0.26)

-5 to 6

TOP

98
(95 to 102)

107
(104 to 110)

117#
(112 to 121)

LOGIC50

-7.4#
(-7.4 to -7.3)

-7.3
(-7.3 to -7.2)

-7.3
(-7.4 to -7.3)

HILLSLOPE

-0.93
(-1.0 to -0.83)

-0.91
(-1.0 to -0.79)

-0.94
(-1.1 to -0.78)

1.0

1.0

1.0

-2.2
(-4.8
to
0.47)
110
(108
to
112)
-7.3
(-7.3 to 7.3)
-0.88
(-0.97 to 0.80)
1.0

Goodness
(R2)

of

Fit

# indicates that the best fit value that is outside of the range of the performance criteria

90 to 110

-7.3 to -7

-1.2 to -0.8

> 0.95
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Figure B.6.8.3.2-14. Inhibition response curves for the positive control (4-hydroxyandrostenedione). Data points
represent the mean of two replicates, error bars represent the standard deviation, and dashed lines represent the
95%confidence interval of the best fit curve (solid line).
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Figure B.6.8.3.2-15. Inhibition response curves for benfluralin (benefin) from each test run. Data points represent
the mean of three replicates, error bars represent the standard deviation.

Figure B.6.8.3.2-16. Mean inhibition response curves for benfluralin (benefin). Data points represent the mean of
three runs, error bars represent the standard deviation.

Conclusion
The study is considered supplementary, because the laboratory proficiency test and the positive control assay was
not included in the study report. In addition, only two out of four of the performance criteria were fulfilled for the
positive control in run 3. Mean background counts approximately 100-fold greater than the two previous runs
could explain some of the variations observed. The confidences in the results from run 3 is low due to these large
variations. However, the same response pattern was seen in all three runs (no inhibition).Therefore, despite the
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low confidence in the results from run 3, the overall conclusion is that benfluralin did not inhibit aromatase
activity in this assay, because the curve for aromatase activity after exposure to benfluralin either did not fit the
regression model (run 1), or the aromatase activity was not lower than 75% of full activity (run 2 and 3).
CA 5.8.3/05
Reference:

LeBaron, M.J., Kan, H.L. and Perala, A.J. (2011c) Evaluation of Benefin in the in
vitro steroidogenesis assay.

Report No.:

The Dow Chemical Company, Report No. 101183

Guideline:

US EPA OPPTS 890.1550 (2009)

GLP:

Yes

Acceptability:

Supplementary

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

Human adrenal cortical carcinoma H295R cells cultured in vitro in 24-well plates
were incubated with benfluralin in 0.1% dimethyl sulfoxide (DMSO) at
concentrations ranging from 10-10 M to 10-4 M in triplicate for 48 hours. Testosterone
and estradiol levels were measured using LC/APPI-MS/MS. Three independent
experiments were performed. A Quality Control (QC) plate was run concurrently
with each independent run of a test chemical plate to demonstrate that the assay
responded properly to positive control agents at two concentration levels. Positive
controls included the known inhibitor (prochloraz) and inducer (forskolin) of
estradiol and testosterone production. In addition, control cultures were treated with
the solvent (DMSO) for determination of acceptable basal hormone production (i.e.
minimally ~500 pg/ml testosterone and ~20 pg/ml estradiol).

Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
-

Stability and concentration checks were not performed for the control substances used in this study.
However, the responsiveness of the assay system to the positive control substances met the expectations.
Therefore, this deviation is considered acceptable.

-

In the final assay run, the number of cell passages (11.5) was higher than the 10 passages recommended
in the guideline. However, the quality control (QC) criteria for basal hormone production, induction and
inhibition indicated acceptable responsiveness of the assay system. Therefore, this deviation is considered
acceptable.

-

The laboratory proficiency test was not included in the study report for the steroidogenesis assay.
Following a request from the RMS, the results from the proficiency test have been provided by the
applicant in the format of a DER (draft evaluation report, the US EPA format for reporting studies).
However, since the raw data for this experiment is missing, the RMS has not been able to control these
results. Additionally, in two out of three laboratory proficiency tests the values for inhibition of
testosterone production (prochloraz) was outside the recommended range for EC 50 in the US EPA
guideline, and the response cruves for inhibition of estradiol showed some variation. This could indicate
that the laboratory had some challenges with the assay in regards to substances leading to inhibition of
both testosterone and estradiol.
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-

The overall conclusion is that this study is considered supplementary.

Results and discussion
The laboratory proficiency test were conducted on three different dates in 2010 (Table B.6.8.3.2-10, Table
B.6.8.3.2-11 and Table B.6.8.3.2-12). In two out of three tests, the values for inhibition of testosterone production
(prochloraz) was outside the recommended range for EC50 in the US EPA guideline. Furthermore, it is evident
from Figure B.6.8.3.2-18 and Figure B.6.8.3.2-19 that the data for inhibition of estradiol production showed
greater distribution and did not fit the classical sigmoid dose-response curve for prochloraz as well as it did for
forskolin. This could indicate that the laboratory had some challenges with the assay in regards to substances
leading to inhibition of both testosterone and estradiol.
Table B.6.8.3.2-10: Laboratory proficiency test (18 March 2010) with forskolin as positive control and prochloraz as
negative control.
EC50 (µM)
Testosterone (T)

Estradiol (E2)

Forskolin

0.54

0.85

Prochloraz

0.06

0.07

Figure B.6.8.3.2-17. Laboratory proficiency test (18 March 2010): dose response of forskolin and prochloraz
treatment on testosterone (TST) and estradiol (E2).
Forskolin TST Dose Response - 1

Prochloraz TST Dose Response - 1
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5
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-8
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-6
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Table B.6.8.3.2-11: Laboratory proficiency test (25 June 2010) with forskolin as positive control and prochloraz
as negative control.
EC50 (µM)
Testosterone (T)

Estradiol (E2)

1.02

0.79

Forskolin

Prochloraz
0.58*
0.10
* Value outside recommended EC50 range for prochloraz control (inhibition) of T production.

Figure B.6.8.3.2-18. Laboratory proficiency test (25 June 2010): dose response of forskolin and prochloraz
treatment on testosterone (TST) and estradiol (E2).
Prochloraz TST Dose Response - 2

Forskolin TST Dose Response - 2
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Log concentration (M)

Log concentration (M)

Table B.6.8.3.2-12: Laboratory proficiency test (21 October 2010) with forskolin as positive control and
prochloraz as negative control.
EC50 (µM)

Forskolin

Testosterone (T)

Estradiol (E2)

0.36

0.64

Prochloraz
0.26*
0.16
* Value outside recommended EC50 range for prochloraz control (inhibition) of T production
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Figure B.6.8.3.2-19. Laboratory proficiency test (21 October 2010): dose response of forskolin and prochloraz
treatment on testosterone (TST) and estradiol (E2).
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The quality control (QC) criteria for basal hormone production, induction and inhibition indicated acceptable
responsiveness of the assay system in all three runs (Table B.6.8.3.2-12).
Benfluralin was tested at concentrations up to 10-4 with no evidence of precipitation or cytotoxicity. The results for
hormone production of testosterone and estradiol are shown in Table B.6.8.3.2-13 and Figure B.6.8.3.2-20 and
Figure B.6.8.3.2-21. At 10-5 M, estradiol production was statistically significantly increased by 1.2-fold in run 1
and 3, and at 10-4 M it was significantly increased by 1.3-fold in run 1. Furthermore, estradiol production was
significantly reduced at the four lowest concentrations (from 10 -10 to 10-7) in run 1. Figure B.6.8.3.2-21 shows that
in all three runs, there is a pattern of reduced estradiol production at lower dose levels (from 10 -10 to 10-7) and
increased estradiol production at the two highest dose levels (10 -5 and 10-4). This could be an indication of a
biphasic response, which is not unusual for endocrine active substances. Thus, although this is not a classical
sigmoid dose-response, it fits the pattern of a non-monotonic dose-response curve. The changes in estradiol
production were statistical significant in run 1 (significantly reduced from 10-10 up to 10-7 and significantly
increased at 10-5 and 10-4) and in run 3 (significantly increased at 10 -5).

According to the criteria in the OECD 456 guideline, the assay should be considered negative. The OECD 456
requires the fold induction to be statistically different from the solvent control at two adjacent concentrations in at
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least two independent runs. A statistically significant difference in estradiol production at two adjacent
concentrations was only observed in run 1. Run 3 had statistically significant difference at only one dose level.
Thus, two out of three runs are considered negative according to the OECD criteria, which also states that a
chemical is to be judge as negative if there are two negative runs and one equivocal or positive run.

However, according to the criteria in US EPA 890.1550, the RMS opinion is that the results should be considered
equivocal. This is because the US EPA guideline does not require a statistically significant difference in estradiol
production at two adjacent concentrations, and it does not mention that the results must be observed in two out of
three runs.
The testosterone production was significantly different only at one dose level (10 -6 M) in run 1. There was no
statistically significant changes in testosterone production in the two subsequent runs. In the two subsequent runs,
there were indications of reduced testosterone production at the two lowest doses in run 2 and at all dose levels in
run 3. However, these changes were not statistically significant. In order to fulfil the criteria for a positive result in
this assay, both the US EPA guideline and OECD guideline require statistical significance at several doses. Thus,
benfluralin is considered negative for interference with testosterone synthesis in this assay.
Table B.6.8.3.2-12: Mean (±SD) hormone concentrations of testosterone and estradiol (pg/mL) following treatment
with forskolin or prochloraz for 48 hours

Concentration (µM)

Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

Mean

± SD

Testosterone (pg/mL)

Fold Difference

Blank

589

667

554

---

---

---

---

---

DMSO

491

503

454

1.0

1.0

1.0

1.0

0.0

1 µM Forskolin

1009

1008

866

2.1

2.0

1.9

2.0

0.1

10 µM Forskolin

1243

1433

934

2.5

2.8

2.1

2.5

0.4

0.1 µM Prochloraz

211

251

258

0.4

0.5

0.6

0.5

0.1

1 µM Prochloraz

91.7

123

133

0.2

0.2

0.3

0.2

0.1

Estradiol (pg/mL)

Fold Difference

Blank

55.2

56.0

67.3

---

---

---

---

---

DMSO

51.7

55.6

58.2

1.0

1.0

1.0

1.0

0.0

1 µM Forskolin

442

454

416

8.5

8.2

7.1

7.9

0.7

10 µM Forskolin

700

809

686

13.5

14.5

11.8

13.3

1.4

0.1 µM Prochloraz

32.9

30.7

38.7

0.6

0.6

0.7

0.6

0.1

1 µM Prochloraz

22.2

23.1

26.2

0.4

0.4

0.5

0.4

0.0

RMS: NO
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Table B.6.8.3.2-13: Mean (±SD) hormone concentrations of testosterone and estradiol (pg/mL) following treatment with
benfluralin for 48 hours
Nominal
Concentrati Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 Mean ± SD
on (µM)

DMSO
0.0001
0.001
0.01
0.1
1
10
100

DMSO
0.0001
0.001
0.01
0.1
1
10
100

Testosterone (pg/mL)

Fold Difference

556.7
520.7
433.3
537.3
525.7
519.3
548.0

Statistical
Significance

586.7
536.3
535.7
579.7
595.3
587.7
599.3

528.3
472.0
451.0
482.3
472.3
490.0
475.7

1.0
0.9
0.8
1.0
0.9
0.9
1.0

1.0
0.9
0.9
1.0
1.0
1.0
1.0

1.0
0.9
0.9
0.9
0.9
0.9
0.9

1.0
0.9
0.8
1.0
0.9
1.0
1.0

0.0
0.0
0.1
0.0
0.1
0.0
0.1

---

542.3 605.7
Estradiol
(pg/mL)
56.3
58.7
48.5
51.2
47.4
52.5
47.0
53.1
47.5
56.5
49.4
56.5
69.7
67.3

485.7

1.0

1.0

0.9

1.0

0.1

None

67.0
61.5
63.6
58.7
59.7
61.6
78.6

1.0
0.9
0.8
0.8
0.8
0.9
1.2

1.0
0.9
0.9
0.9
1.0
1.0
1.1

1.0
0.9
0.9
0.9
0.9
0.9
1.2

1.0
0.9
0.9
0.9
0.9
0.9
1.2

0.0
0.0
0.0
0.0
0.1
0.0
0.1

---

71.2

75.1

1.3

1.2

1.1

1.2

0.1

Trial #1

68.4

None
Trial #1
None
None
None
None

Fold Difference

Trial #1
Trial #1
Trial #1
Trial #1
None
Trial #1 & #3
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Figure B.6.8.3.2-20. Testosterone production relative to control in run (assay)
1-3 after exposure to benfluralin for 48 hours.

* Testosterone production significantly different from solvent control (p<0.05)
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Fold Change Relative to Vehicle (SD)

Figure B.6.8.3.2-21. Estradiol production relative to control in run (assay) 1-3
after exposure to benfluralin for 48 hours.
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* Estradiol production significantly different from the solvent control at p≤0.05.
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Conclusion:
The study is considered supplementary, because the laboratory proficiency test was not reported (only the results
were provided), and because the the values for inhibition of testosterone production (prochloraz) was outside the
recommended range for EC50 in the US EPA guideline in two out of three laboratory proficiency tests. In the main
assay, there were statistically significant changes in estradiol production in two out of three assays. According to
the criteria in the US EPA guideline, the RMS opinion is that benfluralin is to be considered as equivocal in the
steroidogenesis assay. However, according to the criteria in the OECD 456 guideline, the assay is considered
negative both in regards to effects on testosterone and estradiol production.
B.6.8.3.3. OECD Conceptual Framework Level 3 Studies
CA 5.8.3/06
Reference:

(2011) Uterotrophic assay in the female
:CD(SD) rat

Report No.:

, Report No. 101116

Guideline:

OECD 440 (2007), US EPA OPPTS 890.1600 (2009)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

6 immature female
:CD(SD) rats/dose group were treated daily via oral gavage
(4mL/kg) with benfluralin in corn oil at doses of 0, 25, 75, and 200 mg/kg/day for
three consecutive days (PND 19-21). In addition, a positive control group of 6 rats
was exposed to 17α-ethynyl estradiol (EE) daily by gavage at 10 µg/kg bw/day. An
untreated control group also was included to confirm that the vehicle (corn oil) had
no impact on uterine weights. Data on body weights and clinical observations were
collected daily; mortality and morbidity was checked twice daily. At study
termination (PND 22), animals were examined for vaginal opening, weighed,
euthanized, and the uteri were excised and weighed before and after blotting.
Histological examinations were not conducted (not required in the guideline).

Test material:

Benfluralin (referred to as benefin in the study report)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
-

The dose solutions of 17α-ethynyl estradiol (EE) used for the positive control were not analyzed for
concentration, homogeneity or stability. However, the responsiveness of the assay system to 17α-ethynyl
estradiol met the guideline criteria, and the study is therefore considered acceptable.

Results and discussion
There was no mortality and no treatment-related clinical signs in this study. There were no significant changes in
body weights at any dose level (Table B.6.8.2.3-01). However, the overall body weight gain (day 1-4) was
significantly decreased by 30% in the highest dose group (200 mg/kg bw/day).
None of the animals exhibited precocious vaginal opening. The wet and blotted uterine weights were 17% lower
than controls (Table B.6.8.3.3-02). This difference was significant when applying an analysis for covariance
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(ANCOVA), but not when using a pair-wise test (Dunnett’s test). It is important to note that this assay has mainly
been evaluated for estrogenic effects, with significant increases in uterus weights listed as a criterion for positive
results (OECD guideline 440, 2007). In regards to estrogenic effects, the assay is negative. However, the
significantly reduced uterus weights in the high dose group may indicate anti-estrogenicity or estrogen deficiency.
This will be further discussed in the weight of the evidence (WoE) analysis.
The positive control group had the expected response of uterine weight increases without any significant change in
body weight or body weight gain. There were no differences in body weights/gains or uterine weights between the
vehicle control group and the untreated control group, confirming that the vehicle did not affect the study
parameters.

Furthermore, the vehicle control had uterine weights within the performance criteria in the

guidelines, indicating acceptable assay sensitivity.
Table B.6.8.3.3-01. Selected Group Body Weights and Cumulative Body Weight Gains (g) In the Estrogen Agonist
Assay
Dose (mg/kg/day)
Reference
Study
Untreated
Vehicle
Intermediate
Estrogen
Low (25)
High (200)
Day
Control
Control
(75)
EE
#
(10 µg/kg/day)
n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD
1
6
45.0
2.5 6 44.5 2.6 6 43.8 1.8 6 44.1
2.7 6 43.7
1.8 6 43.6 2.4
2
6
48.8
3.2 6 47.3 3.5 6 47.3 1.9 6 45.4
2.6 6 43.3
2.5 6 46.4 2.0
3
6
52.9
3.3 6 52.1 3.3 6 51.5 2.4 6 49.5
3.3 6 47.5
3.8 6 50.5 2.6
4
6
57.0
3.4 6 55.9 3.5 6 55.6 2.3 6 53.4
3.4 6 51.7
3.2 6 55.1 2.8
Body
Weight
8.0*
6
12.0
1.1 6 11.4 1.3 6 11.8 1.3 6
9.3
1.1 6
2.1 6 11.5 1.6
Gain
(1-4)
n
Number of animals in the group.
SD
Standard Deviation
*
Statistically significantly different from controls at p<0.05
Table B.6.8.3 – 02. Uterine Weights from Estrogen Agonist Assay in
:CD(SD) Rats
Dose (mg/kg/day)
Untreated
Control
n

Mea
n

SD

Vehicle
Control
n

Mea
n

Intermediate
(75)

Low (25)
SD

n

Mea
n

SD

n

Mea
n

SD

Reference
Estrogen EE
(10 µg/kg/day)

High (200)
n

Mea
n

SD

n

Mean

SD

Termina
6 57.0 3.4 6 55.9 3.5 6 55.6 2.3 6 53.4 3.4 6 51.7 3.2 6
55.1
2.8
l BW (g)
Wet,
26.5
219.6
21.
absolute
6 25.3 3.6 6 24.1 2.3 6
1.9 6 23.7 2.5 6 20.9# 1.3 6
*
1
(mg)
Blotted,
25.3
128.5
absolute
6 24.1 3.5 6 22.7 2.5 6
1.5 6 22.9 2.6 6 19.9# 1.4 6
8.3
*
(mg)
BW
body weight
n
Number of animals in the group.
SD
Standard Deviation
*
Statistically significantly different from controls at p < 0.05 when applying a one-sided (upper) pair-wise comparison
(Dunnett’s test).
#
Statistical significance at alpha=0.05 when applying an analysis of covariance (ANCOVA) with terminal body
weight as the co-variable.
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Conclusion:
The study is considered acceptable. There were no treatment-related effects on vaginal opening. This study is
considered negative in regards to estrogenic effects, because there was no significant increase in the uterus
weights. On the contrary, the wet and blotted uterine weights were 13 and 12% lower than controls, respectively
This difference was significant when applying an analysis for covariance (ANCOVA), but not when using a pairwise test. The significantly reduced uterus weights in the high dose group may indicate anti-estrogenicity or
estrogen deficiency, this will be further discussed in the WoE-analysis.
CA 5.8.3/07
Reference:

(2012a). Hershberger
assay in castrated adult male

Report No.:

:CD(SD) rats
, Report No. 101114

Guideline:

OECD 441 (2009), US EPA OPPTS 890.1400 (2009)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

In the androgenic portion of the assay, castrated male rats (7/group) were exposed for
10 days by oral gavage (4mL/kg, corn oil vehicle) to 0, 50, 250, or 750 mg/kg/day
benefin and concurrently given daily subcutaneous (sc) injections of corn oil (vehicle
for testosterone propionate (TP)). Results from benefin-treated animals were
compared with the vehicle control group (oral corn oil:sc corn oil) to determine
whether there was an increase in accessory sex tissue (AST) weights, an androgenic
response. AST weights included the ventral prostate, seminal vesicles with
coagulating glands, glans penis, levator anti-bulbocavernosus muscles and Cowper’s
glands. An androgen positive control group (oral corn oil:sc 0.4 mg/kg/day TP) was
included to verify assay sensitivity for androgenic responses. In order to investigate
possible effects of the sc corn oil on AST weights, the study also included a group of
animals treated with oral corn oil only (without sc corn oil injection) which was
compared to the vehicle control group in the androgenic portion of the assay.
For the anti-androgenic portion of the assay, castrated male rats (7/group) were
exposed for 10 days by oral gavage (4mL/kg, corn oil vehicle) to 0, 50, 250, or 750
mg/kg bw/day benefin and concurrently given daily sc injections of 0.4 mg/kg/day
TP (corn oil vehicle). Results for animals co-treated with benefin and TP were
compared with the TP positive control group (oral corn oil:sc TP) to determine
whether benefin reduced the TP-mediated increase in AST weights, an
antiandrogenic response. An antiandrogen positive control group (oral 3 mg/kg/day
flutamide:sc 0.4 mg/kg/day TP) also was included to verify assay sensitivity for
antiandrogenic responses.
Clinical observations, body weights/body weight gains, feed consumption and organ
weights (ASTs, liver, kidney and adrenals) were examined in both the androgenic
and antiandrogenic portions of the assay. Based on significant changes in AST
weights during the antiandrogenic portion of the assay, serum testosterone levels
were measured using terminal serum samples. Animals were anesthetized via
isofluorane/O2 for blood collection via cardiac puncture and then euthanized by
decapitation, and preputial separation was registered on the on the day of necropsy.
In addition, a GLP but non-guideline, 14C-testosterone clearance study was included
to examine the hypothesis that AST weights were decreased due to enhanced
clearance of exogenous testosterone secondary to hepatic enzyme induction by
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benefin. Two groups of seven castrated and cannulated rats (surgery conducted by
animal supplier on PND 45) were dosed in accordance with a modified Hershberger
assay design with 0 (control) or 750 mg/kg/day benefin (oral gavage) on TD (test
day) 1-10. All animals also received 0.4 mg/kg/day TP sc on TD 2-9 (PND 56-63).
On TD 1 (PND 55) and TD 10 (PND 64), animals from both groups received
intravenous injections of 14C-testosterone (~13 μg/kg bw). The clearance of 14Ctestosterone-derived radioactivity in plasma was monitored on TD 1 (prior to vehicle
or benefin treatment) and TD 10 (after vehicle or benefin treatment). Blood samples
were scheduled at 5 min, 10 min, 15 min, 30 min, 1 hr, 2 hr, 3 hr, and 6 hrs after
administration of radiolabeled testosterone. Plasma was prepared by centrifugation
and total testosterone in serum was measured using a Coat-A- Count Total
Testosterone RIA kit (Siemens Diagnostics, California) followed by liquid
scintillation spectrometry (LSS). Animals were euthanized and blood and organ
weights were collected in a similar manner as in the androgenic and antiandrogenic
part of the assay.

Test material:

Benfluralin (referred to as benefin in the study report)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
-

The coefficient of variation (CV) for the ventral prostate in the vehicle control was outside the range
specified for this tissue in the performance criteria in the US EPA guideline: 70% in this study compared
to 45% in the performance criteria. All the other CVs in the vehicle control group met the performance
criteria. However, the study is still considered acceptable because the overall assay CV values, coupled
with a positive androgenic response for TP and a positive anti-androgenic response for flutamide, indicate
that the Hershberger assay had appropriate sensitivity to detect androgenic/antiandrogenic effects.

-

A GLP, but non-guideline, 14C-testosterone clearance study was included in the Hershberger assay. Since
this is a non-guideline study the method has not been validated, and to the knowledge of the RMS this
study has not been peer-reviewed in any official journal. Because the method used has not been validated
or peer-reviewed, the14C-testosterone clearance study is considered supplementary only.

Results and discussion
All animals survived to scheduled termination in the androgenic, anti-androgenic and

14

C-testosterone clearance

assay. Dark orange urine was seen in all benfluralin-treated animals (7/7 at 50, 250 and 750 mg/kg bw/day). In the
study report, it is argued that this is a common finding with dinitroaniline herbicide treatment.

Clinical signs in animals given 750 mg/kg bw/day benefin included soiling (perioral, perinasal and perineal) and
decreased faeces (Table B.6.8.3.3-03, Table B.6.8.3.3-04 and Table B.6.8.3.3-05). High-dose animals had 7% and
12% decreases in terminal body weights in the androgenic and antiandrogenic portions of the assay, respectively
(Table B.6.8.3.3-06 and Table B.6.8.3.3-07). The corresponding decreases in body weight gains were 49-57%.
Thus, this dose level slightly exceeded the recommended maximum tolerated dose (MTD). Body weights were
not significantly affected at 250 mg/kg bw/day, but treatment-related decreases in body weight gains were
observed at several intervals during the study. Decreases in feed consumption corresponded with decreases in
body weight gains at both 250 and 750 mg/kg bw/day.
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Treatment-related, significant increases in absolute liver weights at 250 or 750 mg/kg bw/day were seen in both
the androgenic and antiandrogenic portions of the assay (Table B.6.8.3.3-06 and Table B.6.8.3.3-07). All animals
underwent preputial separation prior to the study termination. At necropsy, there were no gross lesions attributed
to benfluralin treatment.

In the androgenic portion of assay, there were no treatment-related increases in AST weights in benfluralin treated
animals, indicating that benfluralin is not androgenic (Table B.6.8.3.3-06). In the anti-androgenic portion of the
assay, high-dose animals had significant decreases in AST weights, including the LABC (33%) and seminal
vesicles with coagulating glands ((27%), Table B.6.8.3.3-07). There was a non-significant decrease (29%) in
serum testosterone levels in these animals. Thus, benfuralin was positive for anti-androgenic effects in this assay.

The applicant hypothesized that these anti-androgenic effects to be secondary to hepatic enzyme induction and
enhanced testosterone metabolism/clearance. To examine this hypothesis, a GLP, but non-guideline,

14

C-

testosterone clearance study was conducted. In the clearance study, animals given 750 mg/kg bw/day benefin for
10 days had similar effects on clinical signs, body weights, body weight gains, liver and AST weights as high-dose
animals in the Hershberger assay (Table B.6.8.3.3-05 and Table B.6.8.3.3-09). On test day 10, three animals from
the control animals and four animals from the benfluralin-treated animals had patent cannulas which resulted in a
full blood/plasma time-course. Of the four non-patent control animals and three non-patent benfluralin animals, a
limited number of time points were obtained via the jugular vein, in accordance with standard laboratory practice.
The high-dose animals cleared

14

C-testosterone significantly faster (3.7-fold) than control animals, resulting in

plasma AUC values significantly lower (65%) than the controls after ten days of benfluralin treatment (Table
B.6.8.3.3-10). However, the reliance of these results are affected by the marked toxicity observed at in the exposed
group. Table B.6.8.3.3-09 show that the MTD has been exceeded with significant effects on terminal body weight
(-20%) and body weight gains (-85%) over the entire study period (day 1-11). In addition, full blood/plasma timecourse was only available for three animals from the control and four in the exposure group. Furthermore, this is a
non-guideline study, which means that the method has not been validated, and to the knowledge of the RMS this
study has not been peer-reviewed in any official journal. For these reasons, the 14C-testosterone clearance study is
considered supplementary only.
There was no difference between “oral corn oil only” group and the “oral corn oil:sc corn oil” controls with
respect to body weight, body weight gains, and organ weights, indicating that sc corn oil injection had no impact
on assay parameters. Furthermore, the positive and negative control compounds produced the expected responses:
the positive control for androgenicity (0.4 mg/kg bw/day TP) significantly increased all five AST weights and
terminal body weights, whereas the positive antiandrogen control (0.4 mg/kg bw/day TP plus 3 mg/kg bw/day
flutamide) significantly mitigated TP-induced weight increases in all five ASTs. To verify assay sensitivity, CVs
(coefficients of variation) for the control and high-dose groups were compared with the performance criteria CV
values in the US EPA test guideline. All the CVs in the vehicle control group met the performance criteria with
the exception of the CV for ventral prostate, where the CV was 70% and the permissible CV for this tissue was
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45%. It is unlikely that these data would have affected assay outcome because none of the AST weights,
including ventral prostate, was significantly increased in the androgenic portion of the assay (i.e., significant
changes in two or more AST weights are needed for a positive androgenic response). In conclusion, the RMS
considers that the assay CV values, coupled with a positive androgenic response for TP and a positive antiandrogenic response for flutamide, indicate that the Hershberger assay had appropriate sensitivity to detect
androgenic/antiandrogenic effects.

Table B.6.8.3.3-03. Incidence of clinical observations in the androgen agonist part of the Hershberger assay with
benfluralin.
Dose (mg/kg/day)
Observation

Vehicle Control
# Obs. # Exam.

TP (0.4 mkd)
# Obs. # Exam.

Low (50)
# Obs. # Exam.

Mid (250)
# Obs. # Exam.

High (750)
# Obs. # Exam.

All categories within
normal limits

4

7

5

7

3

7

4

7

0

7

Feces – abnormal
quantity decreased

0

7

0

7

0

7

0

7

3

7

Injury, surgical1

1

7

1

7

1

7

1

7

1

7

2

7

0

7

1

7

0

7

0

7

0

7

0

7

2

7

1

7

1

7

7

7

7

7

7

7

1

7

0

7

7

0

7

2

7

Swelling1
Penis

unretracted1

Urine – color
abnormal, dark
0
7
0
7
7
yellow
Skin – scab, focal
0
7
0
7
1
Soiling – perioral,
0
7
0
7
0
clear
# Obs. = number of observed incidences.
# Exam. = number of animals examined.
1 Observation initially noted prior to dosing and likely related to surgery.

Table B.6.8.3.3-04. Incidence of clinical observations in the anti-androgen part of the Hershberger assay with
benfluralin.
Dose (mg/kg/day)
Vehicle
Control

Observation

TP
Negative
Control

TP + FT
Positive
Control

Low (50) + TP

Mid (250) +
TP

High (750) + TP

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

All categories
within normal
limits

4

7

5

7

5

7

5

7

3

7

2

7

Feces –
abnormal
quantity
decreased

0

7

0

7

0

7

0

7

0

7

3

7

0

7

3

7

1

7

Injury,
1
7
1
7
0
7
surgical1
# Obs. = number of observed incidences.
# Exam = number of animals examined.
1 Observation initially noted prior to dosing and likely related to surgery.
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Table B.6.8.3.3-04 continued. Incidence of clinical observations in the anti-androgen part of the Hershberger assay with
benfluralin.
Dose (mg/kg/day)
TP
Negative
Control

Vehicle
Control

Observation

Injury,
apparent
mechanical
(bruise)
Swelling1

TP + FT
Positive
Control

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

#
Obs.

#
Exam.

0

7

0

7

0

7

0

7

1

7

0

7

2

7

0

7

0

7

1

7

1

7

1

7

0

7

0

7

0

7

7

7

7

7

7

7

1

7

0

7

0

7

Dose (mg/kg/day)
TP
Negative
Control

High (750) +
TP

#
Obs.

#
Exam

#
Obs.

#
Exam

4

7

1

7

0

7

1

7

Injury,
surgical1

3

7

3

7

Miscellaneous,
thin

0

7

1

7

Dehydrated

0

7

1

7

Soiling,
perioral, red

0

7

1

7

Soiling,
perineal, urine

0

7

6

7

Behavior
activity,
decreased

High (750) + TP

#
Exam.

Table B.6.8.3.3-05. Incidence of clinical observations in
the testosterone clearance study with benfluralin.

All categories
within normal
limits

Mid (250) +
TP

#
Obs.

Penis
0
7
0
7
2
7
unretracted1
Urine – color
abnormal, dark
0
7
0
7
0
7
yellow
Skin – scab,
0
7
0
7
0
7
multifocal
# Obs. = number of observed incidences.
# Exam = number of animals examined.
1 Observation initially noted prior to dosing and likely related to surgery.

Observation

Low (50) + TP

–

Soiling,
0
7
2
7
perinasal, red
# Obs. = number of observed incidences.
# Exam = number of animals examined.
1 Observation initially noted prior to dosing and likely related to surgery.
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Table B.6.8.3.3-06. Terminal body weight and accessory sex organ weights in the androgen agonist part of the
Hershberger assay with benfluralin.
Dose
(mg/kg/day)
Vehicle
Low (50)
Mid (250)
High (750)
TP (0.4)
control
N Mean SD
CV N Mean SD
N Mean SD
N Mean SD
CV N Mean SD
CV
Final BW
7 310.2 9.3
3
7 311.7 18.5
7 303.1 23.2
7 287.9 17.4 6
7 331.6* 20.4
6
(g)
Liver (g) 7 11.5 0.7
6
7 12.6 1.7
7 15.9* 2.6
7 19.3* 2.8
15 7 12.4
1.1
9
Adrenal
7 0.0586 0.0048 8
7 0.0605 0.0068 7 0.0600 0.0089 7 0.0686 0.0082 12 7 0.0590 0.0162 27
glands
Seminal
5 0.0598 0.0120 20 7 0.0517 0.0079 6 0.0560 0.0118 7 0.0573 0.0140 24 7 0.5712# 0.0792 14
vesicles
Ventral
6 0.0235 0.0164 70 6 0.0175 0.0047 7 0.0161 0.0050 7 0.0167 0.0037 22 7 0.1393# 0.0216 16
prostate
LABC

7 0.1498 0.0116 8

7 0.1351 0.0294 7 0.1462 0.0348 6

Cowper’s
7 0.0083 0.0019 23 7 0.0086 0.0011 7 0.0100 0.0019 7
glands
Glans
7 0.0594 0.0069 12 7 0.0557 0.0057 7 0.0583 0.0090 7
penis
n
BW
SD
CV
*
#

0.1315 0.0306 23 7

0.2942# 0.0429 15

0.0086 0.0008 9

7

0.0414# 0.0049 12

0.0597 0.0031 5

7

0.0900# 0.0085 9

Number of animals in the group; values may differ due to the exclusion of weights as defined in the individual report.
Body weight
Standard Deviation
Coefficient of Variation
Statistically different from control mean by Dunnett’s test, alpha = 0.05.
Statistically different from control mean by Dunnett’s test, one-sided upper, alpha = 0.05.

Table B.6.8.3.3-07. Terminal body weight and accessory sex organ weights in the anti-androgen part of the
Hershberger assay with benfluralin.
Dose (mg/kg/day)
High (750) +
Flutamide
Parameter TP (negative control) Low (50) + TP
Mid (250) +TP
TP
(positive control)
N Mean SD
CV N Mean SD
N Mean SD
N Mean SD
CV N Mean SD
CV
Final BW
7
331.6 20.4 6
7 334.1 9.5
7 319.7 27.4 7 292.8* 16.7 6
7 322.6 15.9 5
(g)
Liver (g) 7
12.4 1.1
9
7 14.2 0.6
7 17.2^ 2.8
7 20.5^ 2.8
14 7 12.8
1.0
8
Adrenal
7
0.0590 0.0162 27 7 0.0563 0.0081 7 0.0504 0.0034 7 0.0579 0.0067 12 7 0.0615 0.0110 18
glands
Seminal
7
0.5712 0.0792 14 7 0.5683 0.1011 7 0.5335 0.0971 7 0.4198# 0.0914 22 7 0.1244# 0.0324 26
vesicles
Ventral
7
0.1393 0.0216 16 7 0.1779 0.0543 7 0.1484 0.0467 7 0.1088 0.0261 24 7 0.0371# 0.0135 36
prostate
LABC

7

Cowper’s
7
glands
Glans
7
penis
n
BW
SD
CV
*
^
#

0.2942 0.0429 15

7 0.3233 0.0355 7

0.2595 0.0547 7

0.1962# 0.0374 19

7

0.1871# 0.0279 15

0.0414 0.0049 12

7 0.0462 0.0092 7

0.0438 0.0043 6

0.0345 0.0067 19

7

0.0203# 0.0041 20

0.0900 0.0085 9

7 0.0922 0.0065 7

0.0839 0.0077 7

0.0830 0.0036 4

7

0.0697# 0.0076 11

Number of animals in the group; values may differ due to the exclusion of weights as defined in the individual report.
Body weight
Standard Deviation
Coefficient of Variation
Statistically different from control mean by Dunnett’s test, alpha = 0.05.
Statistically different from control mean by Wilcoxon’s test, alpha = 0.05.
Statistically different from control mean by Dunnett’s test, one-sided lower, alpha = 0.05.
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Table B.6.8.3.3-08. Hormone measurement is in the Anti-androgen part of the Hershberger assay with benfluralin.
Dose (mg/kg/day)
Hormon
e
Serum T
(ng/mL)

TP (#)

Low (#)

N

Mean SD

CV

N Mean

7

0.24

75%

7

0.18

0.28

SD
0.16

CV

Mid (#)
N

Mean

57% 7

0.25

High (#)
SD

CV

N

Mean

0.14

56%

7

0.17

SD

CV

0.12

71
%

n
Number of animals in the group; values may differ due to the exclusion of weights as defined in the individual report.
SD
Standard Deviation
CV
Coefficient of Variation
There were no statistical differences from control at alpha = 0.05

Table B.6.8.3.3-09. Terminal body weight and accessory sex organ weights
in the testosterone clearance study with benfluralin.
Dose (mg/kg/day)
Parameter

High (750) + TP

N

Mean

SD

CV

N

Mean

SD

CV

Final Body
7
Wt (g)

359.7

38.5

11

7

288.1

27.7

10

Final Body
7
Wt gain

85.4

10.3

-

7

12.6

13.3

-

Liver (g)

7

14.8

2.1

14

7

20.4

2.6

13

Seminal
vesicles

7

0.5909

0.1056

18

7

0.3066

0.0783

26

Ventral
prostate

7

0.2360

0.0537

23

7

0.1106

0.0285

26

LABC

7

0.4781

0.0520

11

7

0.3016

0.0457

15

Cowper’s
glands

7

0.0335

0.0133

40

6

0.0277

0.0056

20

7

0.0902

0.0065

7

7

0.0681

0.0108

16

Glans penis
n

TP (negative control)

Number of animals in the group; values may differ due to the exclusion of weights
as defined in the individual report.
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Table B.6.8.3.3-10. Kinetic Parameters of 14C-Testosterone in the Plasma of CD(SD) Rats Following
intravenous (IV) Administration.

Conclusion
The vehicle control group indicated that subcutaneous (sc) injections of corn oil had no impact on assay
parameters. In addition, the positive and negative control compounds produced the expected responses, and
overall the assay met the CV performance criteria outlined in the OECD and US EPA guidelines. Thus, the
androgenic and anti-androgenic part of the Hershberger assay is considered acceptable. In addition to the parts of
the Hershberger assay described in the OECD 414 guideline, a non-guideline 14C-testosterone clearance study was
conducted. Since this is a non-guideline study the method has not been validated, and to the knowledge of the
RMS this study has not been peer-reviewed in any official journal. Therefore, the 14C-testosterone clearance study
is considered supplementary only. In the Hershberger assay, benfuralin was positive for anti-androgenic effects
(significant reduction in weights of two ASTs), and negative for androgenic effects (no significant increase in two
or more ASTs).
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B.6.8.3.4. OECD Conceptual Framework Level 4 Studies
CA 5.8.3/08
Reference:

(2012b). Pubertal development and
thyroid function in intact juvenile/peripubertal female
:CD(SD) rats
, Report No. 111073

Report No.:
Guideline:

US EPA OPPTS 890.1450 (2009)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

16 immature female
:CD(SD) rats/dose group were treated daily via oral gavage
(4mL/kg) with benfluralin in corn oil at doses of 0, 25, 75, and 300 mg/kg/day from
postnatal day (PND) 22-42. Data on body weights, clinical observations and vaginal
opening were collected daily, and mortality and morbidity was checked twice daily.
Once vaginal opening was completed, lavage samples were collected to evaluate
estrous cycle length and pattern. Following sacrifice on PND 42, a gross necropsy
was conducted and organ weights were collected. Blood was collected for an
assessment of clinical chemistry parameters, serum thyroxine (T4), and thyroid
stimulating hormone (TSH). Serum was analyzed by radioimmunoassay for TSH or
chemiluminescent immunoassay for T4. The ovaries, uterus, kidneys, and thyroid
were examined histopathologically.

Benfluralin (referred to as benefin in the study report)
Purity: 97.5%
Batch No.: ACD13683
Deviations from guideline and GLP
Test material:

-

The method of sacrifice was anesthesia (isoflurane) by inhalation and euthanization by exsanguination
followed by decapitation. The preferred method of sacrifice in the guideline is decapitation without
anesthesia. The guideline specifies that the use of anesthetic (injectable or inhalational) and
exsanguination would not necessarily be a basis on which to reject a study, as long as the animals reach
deep anesthesis within 2 minutes, and as long as the blood is collected by a method sufficient to perform
the necessary hormonal and blood chemistry work. The RMS considers these requirements to be fulfilled,
and the method of sacrifice in this study is therefore considered acceptable.

-

The mean value for adrenal weight was lower than the acceptable range specified in the performance
criteria in the US EPA guideline, and the CVs for final body weight and liver weight were higher than the
maximum acceptable values in the performance criteria. In the study report, it is stated that adrenal
weights were similar to the mean control values reported in previous female pubertal assays conducted in
the same laboratory, and that they were within the laboratory historical control range. In the current
study, the CV for terminal body weight (11.9%) was similar to the CV for initial body weights in the
control group on PND 22 (11.6%), indicating that the control group had the same magnitude of variance
in growth throughout the study. Furthermore, the CV values in the current study were only slightly
higher than the acceptable ranges. Aidditionally, despite the slightly elevated CV, increased liver weights
were detected at all doses of benfluralin. Overall, the RMS considers the study acceptable despite these
deviations.
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Results and discussion
All animals survived to scheduled termination4. Dark orange urine was seen in all high dosed animals (300 mg/kg
bw/day). In the study report it is argued that this is a common finding with dinitroaniline herbicide treatment.
There were no other clinical signs of toxicity.

There were no statistically significant changes in terminal body weight or overall body weight gain in this study
(Table B.6.8.3.4-01). However, during PND 25-35 animals at 300 mg/kg/day had mean body weights that were
from 8% to 10% lower than controls (statistically significant on PND 25, 32 and 35). Animals at 300 mg/kg
bw/day also had significant decreases in body weight gains during PND 22-35. Over the entire dosing period
(PND 22-42) the high-dosed animals gained 6% less than controls and the final body weight was 4% less,
although these differences were not statistically significant.

Treatment related effects were seen on the liver. There was a significant, dose-related increase in relative liver
weights at all dose levels of benfluralin, ranging from 8%, 19% to 37% at 25, 75 and 300 mg/kg bw/day,
respectively (Table B.6.8.3.4-02). At 75 and 300 mg/kg/day there were also significant increases in absolute and
adjusted liver weights. Changes in clinical chemistry corresponding to the increased liver weights were observed
for glutamyl transpeptidase and cholesterol (Table B.6.8.3.4-04). Serum ALP levels were dose-dependently
reduced with significant reductions in high-dosed animals. Normally, increased ALP levels would be expected
with liver toxicity, but since decreased ALP levels were observed consistently in several of the repeat-dose studies
with benfluralin, the toxicological relevance of this finding can not be excluded. There were no histopathological
findings in the liver.

Several estrogen-sensitive endpoints were affected in this study. Mean age at vaginal opening was significantly
increased with +2.9 days in the high-dose group (Table B.6.8.3.4-01). Since there were no significant differences
in body weight at vaginal opening, this finding is considered treatment related. Furthermore, age at vaginal
opening increased in a dose-dependant manner. Age at first estrous was significantly increased in high-dose
animals, an effect related to the delay in vaginal opening (Table B.6.8.3.4-03). Furthermore, there were some
indications of effects on the estrous cycle: the ANOVA analysis showed an significant increase in mean cycle
length (first day of estrus to the next day of estrus). Furthermore, although not statistically significant, there was a
dose-dependant decrease in number of animals not reaching first estrus (0, 1, 2 and 5 animals at 0, 25, 75 and 300
mg/kg bw/day, respectively) and number of animals reaching two estrus-to-estrus cycles during the study (13, 10,
8 and 7 animals at 0, 25, 75 and 300 mg/kg bw/day, respectively). It should be noted that the interpretation of the
estrous cycle data (Table B.6.8.3.4-07) in the study report deviated from the current US EPA guideline 890.1450
(2011) interpretation criteria. According to the guideline, a typical cycle consist of two or three days of diestrus
(D), one day of proestrus (P), and one or two days of estrus (E). Thus, the following pattern is expected: [D]-D-DP-E-[E], with letters in brackets showing acceptable natural variations. Animals are characterized as regularly
cycling (having recurring 4- to 5-day cycles), irregularly cycling (having cycles with a period of diestrus longer
4

One animal in the mid-dose group was removed from the study due to a dosing error (inadvertently dosed twice on PND 34). All data
collected for this animal after PND 34 were excluded from analyses.
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than 3 days or a period of cornification longer than 2 days), or not cycling (having three or more consecutive days
of estrus or five or more consecutive days of diestrus). The following explanation for the deviations was given:
“Interpretation of estrous cycle data was hampered by the limited length of sampling (10 days with vaginal
opening on PND 33.9, which is only 1-2 estrous cycles and often inadequate to evaluate estrous cycle pattern) as
well as inter-animal differences in the duration of estrous cycle monitoring (ranging from 1 to 12 days in the
current study). Thus, the current estrous cycle data were interpreted in light of the duration of the various stages
of the estrous cycle and historical control data for young adult

:CD(SD) rats monitored over a longer period.

In rats, the proestrus stage of the estrus cycle is 12 to 24 h in duration thus, with once daily vaginal smears, it is
possible to miss this stage of the cycle. Consequently, animals exhibiting a cycle with the pattern “estrus-diestrusdiestrus-diestrus-diestrus-estrus” are equivalent to animals having the pattern “estrus-diestrus-diestrus-diestrusproestrus-estrus”; however, according to the test guideline, the first pattern is irregular, whereas the second
pattern is normal. Historical control data from young

:CD(SD) rats (PND 40-68) that were monitored for 4

weeks clearly illustrate that many animals having regular 4- or 5-day cycles have intervals where “estrusdiestrus-diestrus-diestrus-diestrus-estrus” occurs (Laboratory historical control data, provided in Figure 2 of the
report, showed that 10 of 27 animals had 4 consecutive days of diestrus and yet had regular 4- to 5-day cycles).
In contrast, 2 animals in the historical control data that had 4 consecutive days of diestrus were deemed as having
“irregular” cycles based on one or two 6-day cycles during the 4 week period. Pubertal assay estrous cycles
were evaluated in accordance with these historical control data. In addition, the test guideline states that animals
having 5 or more days of diestrus are considered to be “not cycling”. Based on the laboratory historical control
data provided, this premise also does not apply. While 6-day cycles are considered irregular, it is clear that
animals having 5 days of diestrus often are cycling. While the age of the animals in the historical control data
does not precisely match the age of the animals evaluated in this study, these estrous cycle data are important to
consider. If these slightly older animals (PND 40-68), with more stable cycles, exhibit these estrous cycle
patterns, it seems inappropriate to label juvenile animals, with less stable cycles, as “irregular” or “non cycling”
when they show the same estrous patterns. In conclusion, animals having 5-day cycles with the “estrus-diestrusdiestrus-diestrus-diestrus-estrus” pattern were considered to have normal cycles.

In contrast, animals that

showed one estrus followed by multiple consecutive days of diestrus without a recurrent estrus stage were labeled
as “not cycling.” This interpretation is consistent with previous estrous cycle data generated in this laboratory.”

The historical control data (HCD), referred to as Table 2 in the recited paragraph above, is presented in B.6.8.3.408. The RMS agrees that these in-house HCD indicate that five consecutive days of diestrus may be due to natural
variations. However, it should be noted that the age of the HCD is not clearly stated in the study report. When
using the criteria in the US EPA guideline for interpreting the estrous cycle data, the RMS could not find a clear
pattern indicated differences in regularly, irregularly and not cycling between controls and treated animals.

There was significant decreases in ovarian weights by 17-18% (absolute and adjusted) and blotted uterine weight
(adjusted) by 21% (Table B.6.8.3.4-02) in high-dosed animals. The decrease in uterine weights was not due to
differences in stages of estrous at termination, as the control and high-dose group had similar numbers of animals
in both diestrous and estrous at necropsy. There were no histopathological findings in the uterus or ovaries (Table
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B.6.8.3.4-06). The significant increases in age at vaginal opening and age at first estrus together with decreased
weights in estrogen-sensitive tissues (ovaries and uterus) are indicative of an anti-estrogenic effect or estrogen
deficiency.

Pituitary weights were significantly decreased by 12-16% (absolute, adjusted and relative) in high dosed animals
(Table B.6.8.3.4-02). Although there were no histopathological findings in the pituitary, the dose-dependant
decrease seen in all dose-groups strengthens the evidence for this as a treatment-related effect.

Treatment related effects were seen on the following thyroid endpoints: significantly decreased T4 levels in midand high-dose groups with corresponding increases in TSH levels at the highest dose group (Table B.6.8.3.4-04).
There were no corresponding changes in thyroid weight or histopathology (Table B.6.8.3.4-05). However, the
effects on thyroid endpoints at 300 mg/kg/day in this study are consistent with thyroid effects reported in repeatdose toxicity studies with benfluralin, including the male pubertal assay. The effects on thyroid endpoints were not
as marked in the female pubertal assay as in the male pubertal assay, where effects also were observed for thyroid
weights and histopathology. This could be because animals received higher doses of benfluralin in the male
pubertal assay (400 mg/kg bw/day in the male pubertal compared to 300 mg/kg bw/day in the female pubertal),
and because of the longer duration of the male pubertal assay.
Increased levels of creatinine was observed at 300 mg/kg bw/day (Table B.6.8.3 – 4.9), but there were no
corresponding, treatment-related changes in kidney weights, histopathology or other clinical chemistry parameters
in the kidneys.
Table B.6.8.3.4-01: General Growth and Vaginal Opening (VO).
Vehicle Control

Low Dose
(25 mg/kg/day)
SD/
Mean SEa
CV

Intermediate Dose
(75 mg/kg/day)
SD/
n
Mean SEa
CV

High Dose
(300 mg/kg/day)
SD/
n
Mean SEa CV

Parameter
SD/
Evaluated
n
Mean SEa
CV
n
Initial body
U 16 50.56 5.88 11.63 16 50.45 5.51 10.91
16
50.63 4.74 9.37
16 50.60 4.66 9.20
weight (g)
Body weight at U 16 116.46 15.01 12.89 16 118.03 15.42 13.06
15 121.79 18.55 15.23 16 123.44 10.99 8.90
vaginal opening
A 16 116.62 3.262 NA
16 118.35 3.262 NA
15 121.17 3.371 NA
16 123.53 3.262 NA
(g)
Final body
U 16 160.57 19.12 11.91 16 162.28 18.80 11.58
15 166.01 18.04 10.87 16 154.43 17.05 11.04
weight
A 16 160.87 2.775 NA
16 162.88 2.776 NA
15 164.86 2.868 NA
16 154.71 2.775 NA
(g)
Final body
U NA
NA
NA
NA
16 101.1 11.7 11.6
15
103.4 11.2 10.9
16
96.2
10.6 11.0
weight
A NA
NA
NA
NA
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR NR
(% of control)
Body weight
U 16 110.01 14.43 13.12 16 111.83 15.23 13.62
15 114.94 14.86 12.93 16 103.93 13.33 12.83
gain (final –
A NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR NR
initial; g)
34.4
1.1
3.2
16
34.8
1.8
5.3
15
35.3
2.5
7.0
16 37.3*
2.6 7.0
Age at vaginal U 16
opening (PND) A 16
34.4
0.50 NA
16
34.8
0.50 NA
15
35.4
0.51 NA
16 37.2* 0.50 NA
Proportion
0/16
NA
0/16
NA
0/15
NA
0/16
NA
unopened (#/N)
n
Number of animals examined.
CV
Coefficient of Variation.
A
Standard deviation (SD) reported for unadjusted and relative values and standard error of the mean (SE) reported for adjusted values.
U
Unadjusted for body weight on PND 22.
A
Adjusted for body weight on PND 22.
NA
Not applicable.
NR
Not relevant.
*
Significantly different from controls at p<0.05.
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Table B.6.8.3.4-02: Organ Weights at Necropsy
Low Dose
25 mg/kg/day
SD/
Mean SEa
7.92
0.85
7.95 0.190
4.89* 0.24
1.30
0.12
1.30 0.024
0.80
0.05
7.9
1.0
8.0
0.23
4.9
0.6
33.8
5.5
33.9
1.12
20.8
2.7
55.9
9.8
56.2
2.40
289.3 102.2
291.1 31.38
271.7 75.4
273.0 16.61
9.4
0.9
9.4
0.29

Vehicle Control
Organ

Intermediate Dose
75 mg/kg/day
SD/
Mean SEa CV
8.90* 0.99 11.16
8.84* 0.196 NA
5.36* 0.19 3.46
1.30
0.16 12.13
1.29 0.025 NA
0.78
0.04 5.40
7.6
1.0 13.6
7.6
0.24 NA
4.6
0.5 11.4
34.0
4.9 14.5
33.8
1.16 NA
20.5
2.4 11.7
52.5
11.3 21.6
52.4
2.48 NA
376.4 184.3 48.9
373.0 32.43 NA
300.9 89.4 29.7
298.5 17.16 NA
9.8
1.4 14.0
9.7
0.30 NA

High Dose
300 mg/kg/day
SD/
Mean SEa CV
9.57* 1.24 12.98
9.58* 0.190 NA
6.19* 0.33 5.28
1.19
0.15 12.51
1.19 0.024 NA
0.77
0.04 4.77
6.8*
1.2 18.3
6.8*
0.23 NA
4.4*
0.6 13.2
31.1
5.0 15.9
31.2
1.12 NA
20.2
2.5 12.6
47.7* 10.6 22.2
47.4* 2.48 NA
248.9 90.9 36.5
249.4 31.38 NA
230.6 55.1 23.9
231.0* 16.61 NA
9.5
1.4 15.0
9.5
0.29 NA

SD/
n Mean SEa CV n
CV n
n
U 16 7.26
1.07 14.71 16
10.75 15
16
Liver
A 16 7.27 0.190 NA 16
NA 15
16
(g)
R 16 4.51
0.24 5.42 16
4.88 15
16
U 16 1.27
0.13 9.88 16
9.40 15
16
Kidneys
A 16 1.27 0.024 NA 16
NA 15
16
(g)
R 16 0.80
0.04 5.49 16
6.75 15
16
U 16
8.1
1.4 17.2 16
12.8 15
16
Pituitary
A 16
8.1
0.23 NA 16
NA 15
16
(mg)
R 16
5.0
0.6 11.9 16
11.5 15
16
U 16 34.4
6.3 18.4 16
16.2 15
16
Adrenals
A 16 34.5
1.12 NA 16
NA 15
16
(mg)
R 16 21.4
3.1 14.6 16
13.0 15
16
U 16 57.4
8.5 14.9 16
17.5 15
15
Ovaries
(mg)
A 16 57.6
2.40 NA 16
NA 15
15
U 16 320.7 133.4 41.6 16
35.3 15
16
Uterus, wet
(mg)
A 16 321.6 31.38 NA 16
NA 15
16
U 16 290.4 67.1 23.1 16
27.8 15
16
Uterus,blotted (mg)
A 16 291.1 16.61 NA 16
NA 15
16
U 16
9.0
1.1 12.4 16
9.2 15
16
Thyroid, fixed
(mg)
A 16
9.0
0.29 NA 16
NA 15
16
n
Number of animals examined.
CV
Coefficient of Variation.
a
Standard deviation (SD) reported for unadjusted and relative values and standard error of the mean (SE) reported for adjusted values.
U
Unadjusted for body weight on PND 22.
R
Organ-to-body weight ratio (relative to body weight)
A
Adjusted for body weight on PND 22.
NA
Not applicable.
*
Significantly different from controls at p<0.05.

Table B.6.8.3.4-03: Estrous Cyclicity
Cycle Status at Necropsy

Dose
Level
(mg/kg/
day)

Animals
reachin
g first
estrousa

Mean
age at
first
vaginal
estrus
(PND)b

Vehicle

16

35.4

13

25

15

35.3

75

13

300

12

Regularly
Cycling
(%)

Estrus

Cycling
not
initiated

n

Cycling
(%)

Proestrus

Mean
Cycle
Length
(days)

Diestrous

a
b
n
*
#

(# Females)
Animals
with two
estrus-toestrus
cycles

4.3

16

100

81

12

0

4

0

10

4.9

16

88

75

12

1

3

0

36.1

8

4.3

15

80

73

10

0

5

0

37.2*

7

3.7#

16

94

81

13

0

3

0

Number of animals who had first estrous during the study.
Number of animals with two estrous-to-estrous cycles during the study.
Number of animals examined
Significantly different from controls at p<0.05.
Statistical significance at alpha=0.05 when applying a two-way analysis of variance (ANOVA) with block and treatment as main effects.
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Table B.6.8.3.4-04: Hormone Levels and Clinical Chemistry
Parameter
Evaluated

Mean

SD

CV

Low Dose
(25 mg/kg/day)
n
Mean
SD

3.58
3.3

0.54
1.7

14.96
51.6

16
16

3.21
4.1

0.42
2.2

12.98
52.1

15
15

3.11*
4.7

0.57
2.4

18.29
52.3

0.100

0.000

0.0

16

0.106

0.025

23.5

15

0.120

0.041

34.5

12

2

18

16

14

2

17

15

13

3

301

54

18

16

297

33

11

15

278

55
101
1.5
3.9
3.2
97
1.2
0.05
5.2
140
6.2
100
10.9
8.0

8
24
0.0
0.2
0.4
14
0.2
0.00
0.3
2
0.9
2
0.3
0.9

15
24
0.0
5.2
11.3
15
12.1
0.00
5.6
2
15.3
2
2.9
11.7

16
16
16
16
16
16
16
16
16
16
16
16
16
16

59
105
1.5
3.9
3.1
99
1.3
0.05
5.2
141
6.0
100
10.9
7.9

9
50
0.0
0.3
0.4
12
0.2
0.00
0.4
2
0.9
2
0.5
0.8

15
47
0.0
6.9
11.8
12
13.9
0.00
7.5
1
14.9
2
4.3
9.5

15
15
15
15
15
15
15
15
15
15
15
15
15
15

59
97
1.5
3.8
2.8
100
1.4
0.05
5.2
141
6.1
100
11.2
8.2

Vehicle Control

n
Hormones
Serum T4, Total (µg/dL)
16
Serum TSH (ng/mL)
16
Clinical Chemistry
Creatinine (µmol/L)
16
Serum
urea
nitrogen
16
(mg/dL)
Alkaline phosphatase
16
(µ/L)
ALT (µ/L)
16
AST (µ/L)
16
GGT (µ/L)
16
Albumin (g/dL)
16
A/G Ratio
16
Cholesterol (mg/dL)
16
Globulin (g/dL)
16
Total bilirubin (mg/dL)
16
Total protein (g/dL)
16
Sodium (mmol/L)
16
Potassium (mmol/L)
16
Chloride (mmol/L)
16
Calcium (mg/dL)
16
Phosphorus (mg/dL)
16

n = Number of animals examined
SD = Standard Deviation
CV = Coefficient of Variation
ALT=Alanine aminotransferase
AST=Aspartate aminotransferase
GGT=Gamma gluamyl transferase
* Significantly different from controls at p<0.05.

CV

Intermediate Dose
(75 mg/kg/day)
n
Mean
SD

CV

High Dose
(300 mg/kg/day)
n
Mean
SD

CV

16
16

1.98*
6.9*

0.31
4.0

15.42
58.8

16

0.144*

0.051

35.6

19

16

14

4

27

51

18

16

250*

45

18

6
27
0.0
0.3
0.3
10
0.1
0.00
0.3
3
0.8
2
0.3
1.0

11
28
0.0
6.9
9.3
9
9.7
0.00
6.6
2
12.7
2
2.8
12.4

16
16
16
16
16
16
16
16
16
16
16
16
16
16

57
116
2.2*
3.8
2.5
109*
1.5
0.05
5.3
141
5.8
99
11.1
8.6

12
23
1.3
0.3
0.2
16
0.1
0.00
0.3
3
0.9
2
0.4
1.3

21
20
60.4
7.9
9.6
15
8.0
0.00
6.5
2
15.3
2
3.4
15.0
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Table B.6.8.3.4-05: Incidence of Histopathological Lesions of the Thyroid Gland
Parameter Evaluated
Colloid Area

Low Dose
(25 mg/kg/day)

Intermediate Dose
(75 mg/kg/day)

High Dose
(300 mg/kg/day)

O
E

O
0
0
1
14
1
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0
1
5
10
0

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Vehicle Control

a

Incidence

Gradea

Treatment Groups

Follicular Cell Height
Incidence

Gradea
E
16
16
16
16
16
0
0
0
0
0
0
0
0
0
0
16
16
16
16
16

O
1
14
1
0
0
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0
10
5
1
0

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

E
16
16
16
16
16
0
0
0
0
0
0
0
0
0
0
16
16
16
16
16

Thyroid histopathology is graded 1 – 5 Follicular cell height, 1 = lowest, 5=highest, and Colloid area, 1 = most colloid,
5 = least colloid. See OECD No. 82 for reference.
No. Observed
No. Examined

Table B.6.8.3.4-06: Incidence of Histopathological Lesions of the Ovaries, Uterus and Kidney
Findings

Dose Level (mg/kg bw/day)
Low (25)
Intermediate (75)

Vehicle Control

# Observed # Examined # Observed
Ovaries
Within Normal Limits
Juvenile Appearance

High (300)

# Examined # Observed # Examined # Observed

#
Examined

16
0

16
0

-----

0
0

-----

0
0

15
1

16
16

16

16

---

0

---

0

15

15

0

0

---

0

---

0

1

15

1

16

---

0

---

0

3

16

5

16

---

0

---

0

3

16

10

16

---

0

---

0

10

16

2

16

---

0

---

0

0

16

3

16

---

0

---

0

2

16

2

16

---

0

---

0

2

16

3

16

---

0

---

0

0

16

Uterus
Within Normal Limits
Not Examined: Missing
Kidney
Within Normal Limits
Degeneration; tubule;
focal (very slight)
Degeneration; tubule;
multifocal (very slight)
Dilatation; tubule; focal
(very slight)
Dilatation; tubule;
multifocal (very slight)
Inflammation; chronic;
interstitium; focal (very
slight)
Inflammation; chronic;
interstitium; multfocal
(very slight)
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Table B.6.8.3.4-07: Individual estrous cycle pattern from the female pubertal assay with benfluralin.
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Table B.6.8.3.4-08: Historical control data showing estrous cycle patterns in adult CD rats

Conclusion
The study is considered acceptable. The study is considered positive, based on the delay in vaginal opening at 300
mg/kg bw/day with corresponding increased age at first estrus and increased mean cycle length, decreased weights
of the pituitary, ovaries and blotted uterus, and significantly decreased T4 levels in mid- and high-dose groups
with corresponding increases in TSH levels at the highest dose group.
CA 5.8.3/09
Reference:

(2012c). Pubertal development and
thyroid function in intact juvenile/peripubertal male
:CD(SD) rats

Report No.:

, Report No. 111074

Guideline:

US EPA OPPTS 890.1500 (2012)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:

In a Male Pubertal Assay 16 immature male
:CD(SD) rats/dose group were
treated daily via oral gavage (4mL/kg) with benfluralin in corn oil at doses of 0, 25,
100, and 400 mg/kg/day from post-natal day (PND) 23-53. Data on body weights,
and clinical observations were collected, and mortality and morbidity was checked
twice daily. Examinations for preputial separation (PPS) were done daily beginning
on PND 30 and the weight at day of attainment was recorded. On PND 53, animals
were anesthetized with isoflurane and euthanized by exsanguination followed by
decapitation. Blood was taken for total serum testosterone, thyroxine (T4), thyroid
stimulating hormone (TSH) and clinical chemistry analysis. The following tissues
were collected and weighed: testes (left and right separately), epididymides (left and
right separately), seminal vesicle plus coagulating glands (with and without fluid),
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ventral prostate, dorsolateral prostate, levator ani/bulbocavernosus (LABC) muscle
complex, kidneys (paired), thyroid (after fixation), liver, adrenals (paired) and
pituitary. The kidneys, testis, epididymis, pituitary, and thyroid were examined
histopathologically.
Test material:

benfluralin (referred to in report as ‘benefin’)
Purity: 97.5%
Batch No.: ACD13683

Deviations from GLP and guideline
- The method of sacrifice was anesthesia (isoflurane) by inhalation and euthanization by exsanguination
followed by decapitation. This is not the preferred method of sacrifice in the guideline - the preferred
method of sacrifice is decapitation without anesthesia. The guideline specifies that the use of anesthetic
(injectable or inhalational) and exsanguination would not necessarily be a basis on which to reject a
study, as long as the animals reach deep anesthesis within 2 minutes, and as long as the blood is collected
by a method sufficient to perform the necessary hormonal and blood chemistry work. The RMS considers
these requirements to be fulfilled, and the method of sacrifice in this study is therefore considered
acceptable.
Results and discussion
All animals survived to scheduled termination. Dark orange urine was seen in all high dosed animals (400 mg/kg
bw/day). In the study report it is argued that this is a common finding with dinitroaniline herbicide treatment. One
high dosed animal had dermatitis on the left side of its neck on PND 48-53, this was regarded as an isolated
finding and unrelated to treatment. There were no other clinical signs of toxicity.

There were no significant effects on body weights (Table B.6.8.3.4-09). Animals given 400 mg/kg/day benfluralin
had a significant decrease (9.5%) in body weight gain over the entire treatment period (PND 23-53), although the
body weight gain at termination was only slightly lower (7.5%) compared to controls and not significant. Age and
body weight at preputial separation were not affected at any dose level.

Treatment related effects were seen on the liver. There was a significant dose-related increase in relative liver
weights at all dose levels of benfluralin, ranging from 6.6%, 22% to 53% at 25, 100 and 400 mg/kg bw/day,
respectively (Table B.6.8.3.4-10). At 100 and 400 mg/kg/day there were also significant increases in absolute and
adjusted liver weights. The following changes in clinical chemistry parameters corresponded with the increased
liver weights: gamma glutamyl transpeptidase, globulin and total protein levels were increased at 400 mg/kg/day
(Table B.6.8.3.4-11). Serum ALP levels were dose-dependently reduced with significant reductions in animals at
100 or 400 mg/kg/day, although the toxicological relevance of this is questionable (normally increased ALP levels
would be expected with liver toxicity).

Several androgen sensitive tissues were affected by treatment. Statistically significantly lower organ weights were
noted at 400 mg/kg bw/day for seminal vesicles with coagulating glands (with fluid 32%, without fluid 26%),
ventral prostate (~26%), dorsolateral prostate (~21.5%), LABC (~20%), left epididymis (~13%) and right
epididymis ((~18%) Table B.6.8.3.4-09). The testis weights were also lower at the highest dose level, although not
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statistically significant. The lower organ weights of androgen sensitive tissues in the highest dose group
corresponded with significantly decreased serum testosterone levels at this dose level (Table B.6.8.3.4-11).
Furthermore, two animals at 400 mg/kg/day had slight decreased spermatic elements in the right epididymis
(Table B.6.8.3.4-13). This alteration was interpreted to be treatment-related in the study report, and these two
animals had the lowest right epididymal weights compared to all the other animals in the study. Several of the
effects on androgen sensitive endpoints were also dose-dependant which strengthens the evidence for a treatmentrelated effect. The adjusted right epididymis weight was also significantly decreased by 9% at 100 mg/kg bw/day,
with a dose-related decrease at all dose levels. No significant differences were seen in other androgen-sensitive
organ weights at this dose level, and no associated epididymal histopathology was observed. However, the doserelated decrease strengthens the assumption that this finding could be related to treatment. Furthermore,
histopathological changes were only seen in the right epididymis at 400 mg/kg bw/day. Overall, this could indicate
that the right epididymis is more affected than the left, and that the adverse effects are already evident from 100
mg/kg bw/day.

Absolute pituitary weights were significantly decreased by approximately 14% in the high-dose group (Table
B.6.8.3.4-10). However, relative pituitary weights were not significantly decreased, and there were no
histopathological changes. The lack of corresponding changes in relative pituitary weights could indicate that the
observed effect is related to decreased growth rate rather than related to treatment. However, effects on pituitary
weights were also observed in the female pubertal assay (adjusted and relative weights were significantly
decreased by 12-16% in high dosed animals) with dose-dependency. Considering that pituitary weights were also
affected in the female pubertal assay, the relevance of the increased absolute pituitary weights in the male pubertal
assay cannot be excluded.

Treatment related effect were seen on the following thyroid endpoints: significantly decreased T4 levels in all dose
groups with corresponding increases in TSH levels at the two highest dose groups (B.6.8.3.4-11), significantly
increased thyroid weights at 400 mg/kg bw/day (B.6.8.3.4-10) and altered thyroid histopathology (increased
follicular cell height and decreased amount of colloid) at 400 mg/kg bw/day (B.6.8.3.4-12). The effects on thyroid
endpoints at 400 mg/kg/day are consistent with thyroid effects reported in repeat-dose toxicity studies with
benfluralin.

There were significant changes in several electrolytes; high dosed animals had significantly lower serum
concentrations of phosphorus, potassium and chloride (B.6.8.3.4-11). The phosphorus concentration was also
significantly lower in animals at 100 mg/kg/day. In addition, creatinine levels were significantly increased at the
highest dose level. Although kidney weights and serum urea nitrogen concentrations were unaffected by treatment
in this study, the significant changes in creatinine and several electrolytes is consistent with findings on kidney
toxicity in the repeat-dose toxicity studies on benfluralin. In addition, increased incidences of cysts and
degeneration of tubules was observed (Table B.6.8.3.4-13) in this study, although this was not statistically
significant.

RMS: NO
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Results from this study were generally within acceptable ranges in the performance criteria in the test guideline.
However, some deviations were noted (Table B.6.8.3.4-14). Mean absolute weights for the kidneys and thyroid
were below the acceptable range. In the study report, it is stated that these values were within laboratory historical
control values. Coefficients of variation (CV) values for body weight at preputial separation, terminal body weight
and seminal vesicle weight were slightly higher than the permissible limit. However, the notifier argues that these
CVs were typically the same CV values that were exceeded during the inter-laboratory validation of the male
pubertal assay, and that they were only slightly greater than acceptable values. Overall, the RMS considers the
study acceptable despite these deviations.
Table B.6.8.3.4-09: General Growth and Preputial Separation (PPS)
Vehicle Control
Parameter
Evaluated

Low Dose (25 mg/kg/day)

Mid Dose (100 mg/kg/day)

High Dose (400 mg/kg/day)

n

Mean

SD/
SEa

CV

n

Mean

SD/
SEa

CV

n

Mean

SD/
SEa

CV

n

Mean

SD/
SEa

CV

Initial BW
U
(g)

16

56.16

4.52

8.05

16

56.32

5.96

10.58

16

56.54

6.80

12.03

16

56.29

6.20

11.02

U

16

220.84

23.61

10.69

16

207.53

29.55

14.24

16

221.94

28.25

12.73

16

207.73

19.13

9.21

A

16 221.20

5.587

NA

16

207.54

5.586

NA

16

221.48

5.587

NA

16

207.81

5.586

NA

U

16

284.45

22.87

8.04

16

273.89

30.04

10.97

16

285.33

32.02

11.22

16

262.99

29.53

11.23

A

16

285.05

5.002

NA

16

273.92

5.002

NA

16

284.57

5.003

NA

16

263.13

5.002

NA

BW at
PPS (g)

Final BW
(g)

Final BW
(% of
control)

U NA

NA

NA

NA

16

96.3

10.6

11.0

16

100.3

11.3

11.2

16

92.5

10.4

11.2

A NA

NA

NA

NA

---

---

---

---

---

---

---

---

---

---

---

---

BW gain
(final –
initial; g)

U

16

228.29

19.73

8.64

16

217.58

26.48

12.17

16

228.79

26.47

11.57

16

206.71*

26.09

12.62

A

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

Age at
PPS
(PND)

U

16

45.4

2.3

5.1

16

44.7

2.2

4.8

16

45.2

2.1

4.7

16

45.7

2.0

4.4

A

16

45.4

0.52

NA

16

44.7

0.52

NA

16

45.2

0.52

NA

16

45.7

0.52

NA

a
BW
U
A
N
SD
CV
*
NA
---

Standard deviation reported for unadjusted values and standard error of the mean reported for adjusted values.
Body weight
Unadjusted for body weight on PND 23
Adjusted for body weight on PND 23
number of animals examined
Standard Deviation
Coefficient of Variation
Significantly different from controls at p<0.05.
Not applicable
Not required as part of the test guideline

RMS: NO
Co-RMS: NL
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Table B.6.8.3.4-10: Organ Weights at Necropsy
Organ
Liver
(g)
Kidneys
(g)
Pituitary
(mg)
Adrenals
(mg)

n
U
A
R
U
A
R
U
A
R
U
A
R
U

16
16
16
16
16
16
16
16
16
16
16
16
16

Vehicle Control
SD/
C
Mean
SEa
V
12.46 1.25 10.06
12.48 0.353 NA
4.38
0.25 5.76
1.96
0.17 8.72
1.96 0.040 NA
0.69
0.04 5.57
9.6
1.1 11.2
9.7
0.25 NA
3.4
0.3
8.8
45.2
7.2 15.9
45.3
1.90 NA
15.9
2.1 13.1
463.9 100.7 21.7

Low Dose (25 mg/kg/day)
SD/
n
Mean
CV
SEa
16
12.79 1.69 13.18
16
12.79 0.353 NA
16
4.67* 0.23 5.02
16
1.92
0.15 7.76
16
1.92 0.040 NA
16
0.70
0.04 6.35
16
8.9
1.1 12.1
16
8.9
0.25 NA
16
3.3
0.3 10.4
16
44.1
8.6 19.5
16
44.1
1.90 NA
16
16.1
2.3 14.1
16
444.2 107.0 24.1

Mid Dose (100 mg/kg/day)
SD/
n
Mean
CV
SEa
16 15.26* 1.79 11.75
16 15.23* 0.353 NA
16
5.35* 0.28 5.28
16
2.00
0.21 10.51
16
2.00 0.040 NA
16
0.70
0.06 8.07
16
9.3
1.1
11.5
16
9.3
0.25 NA
16
3.3
0.3
8.7
16
45.7
9.2
20.2
16
45.6
1.90 NA
16
16.1
3.0
18.4
16
439.6 137.8 31.4

High Dose (400 mg/kg/day)
Mea
SD/
n
CV
n
SEa
16 17.46* 1.78
10.17
16 17.46* 0.353
NA
16 6.66* 0.46
6.98
16 1.87
0.19
10.01
16 1.87 0.040
NA
16 0.71
0.03
4.35
16 8.3*
0.9
11.4
16 8.3*
0.25
NA
16
3.2
0.3
9.7
16
42
7
16.6
16 42.0
1.90
NA
16 16.0
2.4
14.7
16 315.2* 108.0
34.3

Seminal
vesicle +
coagulating
A 16 465.0 27.20 NA
16
444.3 27.20 NA
16
438.2 27.21 NA
16 315.4*
gland, with
fluid (mg)
Seminal
U 16 230.5 39.5 17.1 16
213.6 42.3 19.8
16
219.4 49.8 22.7 16 171.0*
vesicle +
coagulating
gland,
A 16 230.9 10.81 NA
16
213.6 10.81 NA
16
218.8 10.81 NA
16 171.1*
without
fluid (mg)
Ventral
U 16 216.9 41.4 19.1 16
194.2 40.3 20.8
16
202.6 55.4 27.3 16 159.9*
prostate
A 16 217.5 10.69 NA
16
194.3 10.69 NA
16
201.8 10.69 NA
16 160.1*
(mg)
Dorsolateral U 16 158.6 31.8 20.1 16
153.3 38.9 25.4
16
150.4 29.1 19.3 16 124.7*
prostate
A 16 159.2 6.64 NA
16
153.3 6.64 NA
16
149.6 6.64 NA
16 124.9*
(mg)
U 16 483.4 63.5 13.1 16
477.8 61.9 12.9
16
468.1 105.6 22.6 16 388.6*
LABC
(mg)
A 16 485.1 14.12 NA
16
477.9 14.12 NA
16
465.9 14.12 NA
16 389.0*
214.5 24.4 11.4
16
203.4 32.9 16.2 16 185.8*
Epididymis, U 16 213.6 22.7 10.6 16
left (mg) A 16 214.2 4.68 NA
16
214.6 4.68 NA
16
202.8 4.68 NA
16 186.0*
16
210.1 20.3
9.7
16
206.7 30.5 14.7 16 185.9*
Epididymis, U 16 226.7 20.2 8.9
right (mg) A 16 227.1 5.04 NA
16
210.2 5.04 NA
16 206.1* 5.04 NA
16 186.0*
1405 129.3 9.2
16
1414 115.6 8.2
16
1431 199.9 14
16 1356
Testis, left U 16
(mg)
A 16
1407
32.8 NA
16
1414
32.8 NA
16
1428
32.8 NA
16 1357
1418 124.3 8.8
16
1441 154.1 10.7
16
1418 199.6 14.1 16 1374
Testis, right U 16
(mg)
A 16
1420
36.2 NA
16
1441
36.2 NA
16
1415
36.2 NA
16 1374
Thyroid, U 15
12.0
1.5 12.8 16
12.6
2.2
17.7
16
13.0
1.7
12.8 16 13.8*
fixed
A 15
12.0
0.52 NA
16
12.6
0.51 NA
16
12.9
0.51 NA
16 13.8*
(mg)
a
Standard deviation reported for unadjusted values and standard error of the mean reported for adjusted values.
U
Unadjusted for body weight on PND 23
A
Adjusted for body weight on PND 23
R
Organ-to-body weight ratio (relative to body weight)
n
number of animals examined
SD
Standard Deviation
CV
Coefficient of Variation
*
Significantly different from controls at p<0.05.
NA
Not applicable

27.20

NA

49.5

29

10.81

NA

52.0

32.5

10.69

NA

35.4

28.4

6.64

NA

87.9
14.12
21.2
4.68
29.3
5.04
160.2
32.8
162.1
36.2
2.7

22.6
NA
11.4
NA
15.7
NA
11.8
NA
11.8
NA
19.5

0.51

NA

RMS: NO
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Table B.6.8.3.4-10: Hormone Levels and Clinical Chemistry
Low Dose
Vehicle Control
(25 mg/kg/day)
Parameter
Evaluated
n Mean SD CV n Mean SD
CV
Hormones
Serum T4,
16
4.61 0.52 11.35 16 4.05* 0.44 10.80
Total (µg/dL)
Serum TSH
16
8.3
2.9 34.6 16
8.7
3.0 33.9
(ng/mL)
Serum
testosterone
16 2.916 2.399 82.26 16 2.983 1.612 54.05
(ng/mL)
Creatinine
(µmol/L)
Blood urea
nitrogen
(mmol/L)
Alkaline
phosphatase
(µ/L)
Alanine
aminotransferase (µ/L)
Aspartate
aminotransferase (µ/L)
Gamma
glutamyl
transferase
(µ/L)
Albumin
(g/dL)
A/G Ratio
Cholesterol
(mg/dL)
Globulin
(g/dL)
Total bilirubin
(mg/dL)
Total protein
(g/dL)
Sodium
(mmol/L)
Potassium
(mmol/L)
Chloride
(mmol/L)
Calcium
(mg/dL)
Phosphorus
(mg/dL)
b
n
SD
CV
*

Mid Dose
(100 mg/kg/day)

High Dose
(400 mg/kg/day)

n Mean

SD

CV

n

Mean

SD

16 3.27*

0.43 13.18 16

2.15*

0.47 21.98

16 12.7*

5.4

17.0*

5.2

42.9

16

16 2.122 1.304 61.44 16

CV

30.6

1.410
2.124 150.7
(0.91*)b

16

0.2

0.1

25.8

16

0.2

0.0

18.4

16

0.2

0.0

20.7

16

0.3*

0.1

23.6

16

15

1

10

16

15

2

13

16

15

3

19

16

15

4

23

16

405

78

19

16

383

59

15

16 338*

59

18

16

245*

44

18

16

65

12

18

16

60

13

21

16

62

15

24

16

54

9

17

16

115

20

18

16

104

14

14

16

120

36

30

16

114

21

18

16

1.5

0.0

0.0

16

1.5

0.0

0.0

16

1.5

0.0

0.0

16

2.4*

2.0

81.4

16

3.8

0.2

4.9

16

3.8

0.2

5.3

16

3.8

0.2

4.6

16

3.8

0.2

4.4

16

2.2

0.3

12.2

16

2.1

0.3

13

16

1.9

0.2

12.9

16

1.8

0.1

6.4

16

103

17

16

16

107

13

12

16

102

19

19

16

106

15

14

16

1.8

0.2

9.5

16

1.9

0.2

10.9

16

2.0

0.3

13.7

16

2.2

0.2

8.1

16

0.05

0.02 27.91 16

0.05

0.00

0.00

16

0.06

0.02 30.36 16

0.05

0.00

0.00

16

5.6

0.2

4.0

16

5.6

0.2

4.2

16

5.8

0.3

5.3

16

6.0*

0.3

5.2

16

143

2

1

16

143

2

1

16

143

1

1

16

144

1

1

16

5.3

0.3

5.2

16

5.3

0.2

4.0

16

5.1

0.3

6.8

16

5.0*

0.4

8.0

16

101

1

1

16

101

1

1

16

101

2

1

16

99*

1

1

16

11.1

0.3

2.5

16

11.1

0.3

2.6

16 11.4*

0.3

3.0

16

11.3

0.3

2.7

16

9.3

0.7

8.1

16

9.1

0.6

6.7

16

0.7

8.4

16

8.5*

0.7

7.6

Mean when value for animal #6984 (an atypically high value) was excluded.
number of animals examined
Standard Deviation
Coefficient of Variation,
Significantly different from controls at p<0.05.

8.5*

RMS: NO
Co-RMS: NL

- 286 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table B.6.8.3.4-12: Incidence of Histopathological Lesions of the Thyroid Gland
Parameter Evaluated
Colloid Area

Treatment Groups

Vehicle Control

Low Dose
(25 mg/kg/day)

Mid Dose
(100 mg/kg/day)

High Dose
(400 mg/kg/day)

a
O
E

Grade

Follicular Cell Height

Incidence

Grade

Incidence

O

E

O

E

1

0

16

1

3

16

2

1

16

2

11

16

3

1

16

3

1

16

4

11

16

4

1

16

5

3

16

5

0

16

1

0

16

1

1

16

2

0

16

2

13

16

3

2

16

3

2

16

4

13

16

4

0

16

5

1

16

5

0

16

1

0

16

1

0

16

2

1

16

2

11

16

3

4

16

3

4

16

4

11

16

4

1

16

5

0

16

5

0

16

1

0

16

1

0

16

2

4

16

2

7

16

3

5

16

3

5

16

4

7

16

4

4

16

5

0

16

5

0

16

Dilatation, duct,
focal; moderate

Dilatation, duct,
multifocal; moderate

Incidence

Incidence

O

E

O

E

0

16

0

16

0

16

0

16

0

16

0

16

1

16

1

16

Thyroid histopathology is graded 1 – 5 Follicular cell height, 1 = lowest, 5=highest, and Colloid area, 1 = most colloid,
5 = least colloid. See OECD No. 82 for reference.
No. Observed
No. Examined

RMS: NO
Co-RMS: NL
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Table B.6.8.3.4-13: Incidence of Histopathological Lesions of the Testes, Epididymides and Kidney
Dose Level (mg/kg bw/day)
Low Dose
Mid Dose
High Dose
Findings
Vehicle Control
(25 mg/kg/day)
(100 mg/kg/day)
(400 mg/kg/day)
O
E
O
E
O
E
O
E
Testes
Within Normal Limits
Epididymides
Within Normal Limits
Decreased spermatic
elements, slight

16

16

NA

NA

NA

NA

16

16

16

16

16

16

16

16

14

16

0

16

0

16

0

16

2

16

5

16

NA

NA

NA

NA

2

16

1

16

NA

NA

NA

NA

3

16

0

16

NA

NA

NA

NA

3

16

1

16

NA

NA

NA

NA

5

16

7

16

NA

NA

NA

NA

9

16

4

16

NA

NA

NA

NA

2

16

1

16

NA

NA

NA

NA

2

16

15

16

NA

NA

NA

NA

16

16

1

16

NA

NA

NA

NA

0

16

Kidney
Within Normal Limits
Cyst, tubule, cortex,
focal
Cyst, tubule, medulla,
focal
Degeneration, tubule,
focal, very slight
Degeneration, tubule,
multifocal, very slight
Inflammation, chronic,
interstitium, focal,
very slight
Inflammation, chronic,
interstitium,
multifocal,
very slight
Pituitary Gland
Within Normal Limits
Cyst, pars distalis;
focal
O = No. Observed
E = No. Examined
NA = Not Applicable

Table B.6.8.3.4-14: Data Outside the Specified Performance Criteria in the male pubertal assay with benfluralin

a

Endpoint

Mean

Acceptable Range

Current
Study
Mean

CV

Top of
Acceptable
Rangea

Current
Study CV

Seminal vesicles (g)

0.507

0.295-0.719

0.464

20.61

21.06

21.7#

Thyroid weight (mg)

20

14-26

12.0#

15.39

23.63

12.8

Weight at PPS

222.223

188.277-256.169

220.84

7.54

7.57

10.69#

Final body weight (g)

295.647

259.235-332.059

284.45

6.62

7.47

8.04#

Kidneys (g)

2.646

2.242-3.050

1.96#

9.56

14.76

8.72

Bottom of the acceptable range for coefficient of variation is zero.
# indicates a value that exceeds the performance criteria specified in the US EPA test guideline.

RMS: NO
Co-RMS: NL
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Conclusion:
The study is considered acceptable. Age and body weight at preputial separation were not affected at any dose
level. However, the study is considered positive based on significant changes in several androgen sensitive tissues
corresponding with significantly decreased levels of serum testosterone and slight decreased spermatic elements in
the right epididymis, and based on the effect on thyroid endpoints (significantly decreased T4 levels with
corresponding increases in TSH levels, significantly increased thyroid weights and altered thyroid histopathology).

B.6.8.4

The immunotoxicity potential of benfluralin

Following EFSA’s request to address the immunotoxicity potential of benfluralin, the applicant performed a
detailed review of all available toxicity studies with benfluralin, which is included below. The RMS agrees with
the conclusion of the applicant that there are no reported effects indicating an immunotoxic potential.

Detailed review of all available toxicity studies with benfluralin by the applicant:
The toxicology package of benfluralin includes numerous repeated dose toxicity studies in rats, mice, dogs and
rabbits via the oral and dermal routes.
Each study was reviewed for treatment-related effects indicative of toxicity of the immune system. More
specifically, effects on the following parameters were examined:
Haematology:
Clinical chemistry:
Organ weights:

Macroscopy:

Microscopy:

WBC
Differential counts
Globulin concentration
Thymus
Spleen
Adrenals
Lymph nodes
Thymus
Spleen
Lymph nodes
Thymus
Spleen
Adrenals
Bone marrow
Peyer’s patches

Any increase in tumours in immune-related tissues
Evidence of enhanced susceptibility to infection in the long-term studies which are compound-related

RMS: NO
Co-RMS: NL
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The results of the review are presented in detail in the tables B.6.8.4. 1-5 below. Based on this, there is no
evidence of adverse effects on the immune system in rats, mice, dogs or rabbits. Any immunological effects
reported are either incidental (i.e. are not accompanied by other corroborating effects such as histopathology,
and/or are not statistically significant), or dose-responsive. In the case of the repeated dose studies via the dermal
route, there are local inflammatory responses at the site of application that are related to benfluralin-treatment,
however, these are not indicative of systemically mediated target organ toxicity in the immune system. Therefore,
it can be concluded that benfluralin is not immunotoxic.

Table B.6.8.4.-1: Effects on immune system related parameters noted in the toxicity studies with benfluralin
Study
Effects
Short-term
Oral route
CA 5.3.2/01
Haematology:
No treatment-related effects were noted in WBC and
differential counts.
Clinical chemistry:
Globulin levels were not determined
(1966)
Organ weights:
↑adrenal weights without dose relationship (males) at 10000
Subacute toxicity of
and 20000 ppm
benefin to rats 0, 1250,
↑ spleen weight but without dose relationship
2500, 5000, 10000,
or
significance
Thymus
Macroscopy:
Nostatistical
immune system
related
effects weights
20000
were not recorded.
ppm
Microscopy:
No histopathological effects were noted related to
immunotoxicity.
↓WBC and lymphocytes (females) at 7500 ppm
↓Monocytes (both sexes) at 7500 ppm
↑globulin (both sexes) at 5000 and 7500 ppm
↑globulin (females) at 1100 ppm
Thymus and spleen weights were not recorded.
↑ relative adrenal weights (both sexes) at 5000 and 7500
ppm

CA 5.3.2/02

Haematology:

(1996) Subchronic
toxicity studies of
benefin (Compound
054521) administered
orally in the diet to
Fischer 344 rats for 3
months
0, 250, 1100, 5000, 7500
ppm

Clinical chemistry:

Macroscopy:
Microscopy:

No treatment-related effects were noted.
At the top-dose spleen cyst and minimal lymphoid
hyperplasia in lymph node were noted in one or 2 animals,
but were not considered treatment-related.
No histopathological effects were noted in thymus, and bone
marrow.
Inflammation in the lung of comparable severity was
noted in both the controls and the top-dose group.

CA 5.3.2/03

Haematology:
Clinical chemistry:
Organ weights:

↑ WBC (10000 ppm males only)
Globulin levels were not determined
Only adrenal and spleen weights were recorded. There
were no findings of biological and/or statistical
significance.

Macroscopy:
Microscopy:

No findings related to immunotoxicity were noted.
No histopathological effects were noted in lymph nodes,
spleen, thymus, adrenals and bone marrow.

(1988a) A
subchronic toxicity study
in B6C3F1 mice given
benefin (EL- 110,
Compound 54521) in the
diet for three months
0, 100, 300, 1000, 3000,
10000 ppm

Organ weights:
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Table B.6.8.4.-2: Effects on immune system related parameters noted in the toxicity studies with benfluralin

Study
CA 5.3.2/04

Haematology:
Clinical chemistry:
Organ weights:

(1966)
Subacute toxicity of
benefin to dogs 0, 500,
2000, 8000 ppm

CA5.3.2/05

Macroscopy:
Microscopy:
Haematology:

(1993)
Benefin: 13-week oral
toxicity study in beagle
dogs
0, 5, 25, 125 mg/kg bw/day
Clinical chemistry:

No clinical chemistry effects related to
immunotoxicity were noted.

Organ weights:

Of the immune related organs, only the adrenals
were weighed. There were no treatment- related
effects.
There were no findings related to immunotoxicity.
↑ incidence and severity of increased pigment in the
spleen of 25 and 125 mg/kg bw/day groups.
However, further evaluation indicated that this is
haemosiderin deposit. Overall findings in the liver
suggested an increased red cell turnover.

Macroscopy:
Microscopy:

CA 5.5/04
(1995)
Benefin: One year
oral chronic
toxicity study in
beagle dogs 0, 5,
25, 125 mg/kg
bw/day

Effects
No effects were noted in WBC and differential counts.
Globulin levels were not determined.
↑ relative spleen and adrenal weights at 2000 and
8000 ppm. However; this was attributed to the
severe body weight loss noted requiring euthanasia
in some animals.
Thymus weight was not measured.
No immune system related findings were reported.
No immune system related findings were reported.
125 mg/kg bw/day: ↑WBC number, but the increase
was marginal (not statistically significant) and
possibly linked to the high value of segmented
neutrophils in one dog. Differential leucocyte counts
and cellular morphology findings were unremarkable.

Haematology:
Clinical chemistry:

Organ weights:

Macroscopy:
Microscopy:

No treatment-related effects were noted.
↑ globulin at week 13 (in one 125 mg/kg bw/day
female), but, based on other findings, this was
attributed to liver inflammation.
No spleen and thymus weights were determined.
No treatment-related effects were noted in the
adrenals.
No immunotoxic effects noted.
No histopathological effects were noted in spleen,
thymus, adrenals and bone marrow.
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Table B.6.8.4.-3: Effects on immune system related parameters noted in the toxicity studies with benfluralin

Study
Dermal route
CA 5.3.3/01
(1986)
Subchronic (21-day)
dermal toxicity study in
New Zealand White
rabbits with technical
benefin
0, 100, 325, 1000 mg/kg
bw

CA 5.3.3/02
(1993) Benefin:
Probe and 21-day
repeated dose dermal
toxicity study in New
Zealand White rabbits
0, 100, 500, 1000 mg/kg
bw

Effects
Haematology:

Females:
↑ leukocytes, eosinophils and basophils but no dose
relationship
↓ lymphocytes and
↑neutrophils with dose
relationship
Males:
↑ basophils with dose relationship
Marked skin inflammation was noted in all
animals in this study, and therefore the immune
system effects are considered treatment-related,
as secondary response to skin inflammation.

Clinical chemistry:
Organ weights:

Globulin levels were not determined.
No spleen and thymus weights were determined.
No treatment-related effects were noted in the
adrenals.

Macroscopy:
Microscopy:

No immunotoxicity related effects were reported
No treatment-related effects were noted in lymph
nodes, spleen, thymus, adrenals and bone
marrow.

Haematology:

↓WBC, lymphocytes, monocytes, eosinophils and
basophils in all treated animals without doseresponse
↑ neutrophils in all treated animals without doseresponse All changes were of no statistical
significance

Clinical chemistry:

↑ globulin level (1000 mg/kg bw males)
↑ globulin level (all female groups, but without doseresponse)
The above levels were within the historical control
data range and of no statistical significance

Organ weights:
Macroscopy:
Microscopy:

No immune system related organs were weighed.
No immunotoxicity related effects were reported.
No histopathological effects were noted in lymph
nodes, spleen, thymus, adrenals and bone marrow.
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Table B.6.8.4.-4: Effects on immune system related parameters noted in the toxicity studies with benfluralin

Study
Long-term
CA 5.5/01
(1973) A study of the
effects on rats from the
ingestion of benefin for two
years 0, 1000, 5000, 10000
ppm

Effects
Haematology:
Clinical chemistry:
Organ weights:

No treatment-related effects.
Globulin levels were not determined.
No treatment-related effect was
noted in adrenal and spleen
weight. The lymph node weight
was not measured.

Macroscopy:

Thymus atrophy noted in all dose groups. However
it was not dose-related and there was not always a
concordance
betweenhistopathological
necropsy findingseffects
and were
No
treatment-related
histopathology
noted in lymph nodes, spleen, thymus and adrenals.

Microscopy:

Chronic inflammatory tissue changes were noted
mainly in the lung and kidney but these were
associated with the old age of the rats and were
considered not to be treatment- related

CA 5.5/02

Tumours in immunerelated
tissues:
Haematology:

None.
↑eosinophil counts at week 52 (10 ppm females)
↑neutrophil counts at week 104 (2500 ppm females)
↓lymphocyte counts at week 78
(10, 2500 and 5000 ppm females)
There was no evidence of
treatment effect on the incidence
of leukemia.

Clinical chemistry:

↑ albumin and globulin levels. However these
were attributed to the slight dehydrated status of
the animals and liver or kidney malfunction.

Organ weights:

No spleen and thymus weights were determined.
↑ adrenal weights at 52 (females) and 104 weeks
(males)
↑ adrenal relative weights at 52 (females) and 104
weeks (males and females)

Macroscopy:
Microscopy:

No immunotoxicity related effects were reported.
No histopathological effects were noted in lymph
nodes, spleen, thymus and adrenals.

(1996)
Benefin: Two year dietary
chronic
toxicity/oncogenicity
study in Fischer 344 rats
0, 10, 100, 2500, 5000 ppm

Increased incidence of pulmonary chronic
inflammation at 2500 ppm (females) and 5000 ppm
(both sexes) at the end of the study.
Tumours in immunerelated tissues:

Haematopoietic neoplasia was reported in many
organs, but the incidence was evenly distributed among
dose-groups.
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Table B.6.8.4.-5: Effects on immune system related parameters noted in the toxicity studies with benfluralin

Study
CA 5.5/03

Haematology:

(1988b) A chronic
toxicity and oncogenicity
study in B6C3F1 mice
given benefin (EL-110,
compound 54521) in the
diet for two years
0, 50, 300, 1500 ppm

Clinical chemistry:
Organ weights:

Globulin levels were not determined.
Only spleen weight was recorded. No treatmentrelated findings were reported.

Macroscopy:
Microscopy:

No immunotoxicity related effects were reported.
No histopathological effects were noted in lymph
nodes, spleen, thymus, adrenals and bone marrow.

Tumours in immunerelated
tissues:
Evidence
of infections:
Haematology:

None
None
↑WBC count from month 6 onwards, but differential
counts were unaffected

Clinical chemistry:

No determination of globulin levels (or the
associated total protein and albumin levels) was
performed
It
was not determined for immune system related
organs
In the 125 mg/kg bw/day group, two males had
sparse bone marrow and slightly enlarged adrenal
glands.
No histopathological effects were noted in lymph
nodes, spleen, thymus, adrenals and bone marrow.

CA 5.5/05
(1972)
A two year study of
benefin administered
orally to beagles 0, 5,
25, 125 mg/kg
bw/day

Organ weights:
Macroscopy:
Microscopy:
Tumours in immunerelated tissues:
Evidence
of infections:

B.6.9

B.6.9.1

Effects
↑ monocytes at 12 months, but ↓ at 18 months
↓ leukocyte counts at 12 months (males)
↑ eosinophil count at 24 months (females)
These changes, however, were only noted at one time
point, and were not accompanied by changes in
differential counts.

None
None reported

Medical data and information

Medical surveillance on manufacturing plant personnel and monitoring studies

No new data were submitted. In the previous evaluation it is stated that benfluralin was manufactured in the U.S.
plant of Tippecanoe (Lafayette, Indiana) in the period 1972-1993, and in the European plant of Carravagio (Italy)
in the period 1994-2004. According to the notifier, the health surveillance of employees responsible for the
production of benfluralin was as follows:
(i) The health surveillance, on 104 employees responsible for the benfluralin production in the U.S. (1972-1993)
including laboratory tests (haematology, clinical chemistry, urinalysis, pulmonary function, EKG, pure tone
audiometry), questionnaires, medical exams and health records, has not revealed abnormal results (data not
submitted).
(ii) The health surveillance on employees responsible for the benfluralin production (1994-2003) in Europe
including haematology, clinical chemistry, and pulmonary function did also not reveal adverse effects.
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As the production of the substance is normally confined to a close system, and PPE were worn, thus no exposure
is anticipated, this may be accepted.

B.6.9.2

Data collected on humans

No new data were submitted. In the previous evaluation it is stated that the notifier reported a summary of
exposure incidents to benfluralin (02/1989-12/2003), received from PROSAR (agricultural industry councellor), a
human health poison control center, employees and customers of the notifier, and other sources. In short, 25
exposure incidents involving 71 persons were cited:


one horticulturist (litigation case) complained a.o. about eye pain, memory loss, personality change,
weakness, shortness of breath, slow thinking, nausea, dizziness and anxiety; three other family members
alleged similar symptoms. It was of note that the person applied a variety of other pesticides.



Forty-four individuals (other litigation case) were exposed to fumes during a formulation plant fire in the
vicinity, and complained of burning eyes, itching, hoarseness, headaches, hives, skin rash, ear infection, dry
throat, sinusitis, nausea, vomiting and join pain.



Twenty-three cases included symptoms like skin rash, burn or irritation (13/23) or respiratory irritation (5/23).



One male adult who was exposed to benfluralin and an organophosphate deceased following a history of
burning sensation on the hands, diarrhoea, vomiting and acute cholecystitis; he died following surgery for the
cholecystitis, and death cause remained undetermined. Given the exposure to another (possibly more toxic)
substance, and the low toxicity of benfluralin itself, it seems improbable that benfluralin would be the cause
of death.



One case of allergic contact dermatitis was reported in the open literature. A 61-yr old laboratory supervisor
of a pesticide company since 1951 was complaining about erythematous and pruritic dermatitis in 02/1992.
He identified a temporal relation between his dermatitis and exposure to benfluralin (‘Benefin’), trifluralin,
chlorothalonil, dithiopyr and chlorpyrifos. The patient wore protective clothing when working in the
laboratory, was symptom-free on weekends, holidays and vacation, and had no history of hay fever, asthma or
childhood eczema. He was subsequently patch-tested on the back (Finn Chamber) for the a.s. on which he
has been exposed occupationally. He had positive reactions on chloroxylenol (1+), trifluralin (2+) and
benfluralin (2+). Twelve control subjects patch-tested to trifluralin and benfluralin had negative reactions.

Reference: Pentel, MT, Andreozzi RJ and Marks JG, “Allergic contact dermatitis from the herbicides Trifluralin
and Benefin”, Journal of the American Academy of Dermatology, vol 31, 6, 1994.
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B.6.9.3

Direct observations

None available.

B.6.9.4

Epidemiological studies

No epidemiological study involving exposure to Benfluralin is known.

B.6.9.5 Diagnosis of poisoning (determination of active substance, metabolites), specific signs of poisoning,
clinical tests
The notifier recommends to monitor biochemical parameters for liver and kidney functions in case of intoxication.
Based upon animal studies and exposure reports, skin and eye irritation and allergic contact dermatitis would be
anticipated. Dust may cause upper respiratory tract irritation (nose and throat).

B.6.9.6

Proposed treatment: first aid measures, antidotes, medical treatment

If large amounts have been ingested, the product should be evacuated by stomach wash under medical supervision.
Because of potential hepatotoxicity, liver enzymes (γ-GT, ALT, AST) should be monitored during the course of
intoxication. It is also recommended to check kidney functions. No specific antidote exists, and symptomatic
treatment (most likely symptoms nausea, vomiting and diarrhoea) is warranted.
In the event of skin exposure, removal of contaminated clothing and skin washing with soap and plenty of water is
indicated.
In the event of eye exposure, immediate flush (away from the casual uncontaminated other eye) with running
water is imperative (5’, followed by casual removal of contact lenses, followed by an additional 15’ rinse).

B.6.9.7

Expected effects of poisoning

Based upon the moderate acute toxicity symptoms on animals, transient intoxication symptoms and complete
recovery in humans are to be expected. Unspecific signs of intoxication are expected if large quantities of
benfluralin are ingested. General actions concerning decontamination, observation and treatment are applicable.
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B.6.10 References relied on

B.6.10.1 Literature review
Introduction
The literature review is submitted in accordance with Article 8(5) of Regulation (EC) 1107/2009 as part of the
approval of benfluralin for use in plant protection products.
The purpose of this section is to summarize the open literature search conducted on the active substance
benfluralin. I addition to benfluralin, the search was also conducted on relevant metabolites dealing with the sideeffects on health, the environment and non-target species and published within the last 10 years before the date of
submission of the dossier. Time window: August 2006 – May 2016.
According to the guidance (EFSA, 2011), ‘side effects’ may be understood either as ‘unintended effects’ of the
active substance or the ‘exceeding’ of regulatory limits for environmental contamination by the active substance,
its relevant metabolites of plant protection products as a result of intended usage.

Protocol
The objective of the review of the scientific peer-reviewed open literature was to provide information on the side
effects of the active substance benfluralin and its metabolites and impurities which may affect the assessment of
human health, animal health and/or the environment.

The search strategy was based on a single-concept strategy search in databases under the STN and the Dialog
platforms. The databases were selected based on their subject areas. The databases used are given in tables B.10.101 (STN-databases) and B.10.1-02 (Dialog databases).
Table B.10.1-01 Justification for choice of databases in STN and their update frequencies

Data base and update frequency
ANABSTR
Updated weekly

BIOSIS
Updated weekly

Justification
The Analytical Abstracts database covers worldwide
literature on analytical chemistry. The ANABSTR file
contains bibliographic records with abstracts (since 1984)
for documents reported in printed Analytical Abstracts.
Sources for ANABSTR include journals, books,
conference proceedings, reports, and standards.
Bibliographic information, indexing terms, abstracts,
chemical names, and CAS Registry Numbers are all
searchable
BIOSIS Previews® is the largest and most
comprehensive life science database in the world.
Amongst other subject coverage includes Agriculture,
Biochemistry, Biophysics, Botany, Environmental
Biology, Physiology, Toxicology. Sources include
periodicals, journals, conference proceedings, reviews,
reports, patents and short communications. Nearly 6,000
life science journals, 1,500 international meetings as well
as review articles, books, and monographs are reviewed
for inclusion. Bibliographic information, indexing terms,
abstracts, and CAS Registry Numbers are all searchable.
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BIOTECHNO
Not updated: Closed in 2003.

CAB Abstracts
Updated weekly

CAPLUS
Updated daily

Chemical Abstracts REGISTRY
Updated daily

CROPU
Not updated: Closed in 2003.

Elsevier BIOTECHNOBASE provides comprehensive
international coverage of scientific, technological, and
professional biotechnology literature - from fundamental
research to industrial applications. The database includes
both modern biotechnology (genetic engineering,
bioreactors, industrial processes, etc.) and traditional
biotechnology (breeding, fermentation, etc.). Special
emphasis is placed on drug development, medicine and
health care, microbial biotechnology, agriculture, food
industry, environmental science, forensic science and
textiles. BIOTECHNO draws on a core list of 280
journals relevant to biotechnology, plus a selection of
other relevant journals from related disciplines.
The CAB Abstracts database covers worldwide literature
from all areas of agriculture and related sciences
including biotechnology, forestry, and veterinary
medicine. Sources for CABA include journals, books,
reports, published theses, conference proceedings, and
patents. Bibliographic information, indexing terms,
abstracts and CAS Registry Numbers are searchable.
The Chemical Abstracts (CA) database covers all areas of
Biochemistry, Chemistry and Chemical engineering, and
related sciences. Sources include over 8,000 journals,
patents from 38 national patent offices and two
international patent organizations, technical reports,
books, conference proceedings, and dissertations.
Electronic only journals and Web preprints are also
covered. Bibliographic terms, indexing terms, roles, CAS
Registry Numbers, International Patent Classification and
abstracts are searchable.
The Chemical Abstracts REGISTRY covers all types of
inorganic and organic substances, including alloys,
coordination compounds, minerals, mixtures, polymers,
salts, high throughput screening (HTS) compounds as
well as nucleic acid and protein sequences.
Substances included in REGISTRY meet the following
criteria:
- Identified by CAS as coming from a reputable source,
including but not limited to patents, journals, chemical
catalogues and selected substance collections on the web.
- Described in largely unambiguous terms.
- Characterised by physical methods or described in a
patent document example or claim.
- Consistent with the laws of atomic covalent
organisation.
Experimental and predicted property data and tags and
spectra data.
The Derwent Crop Protection File covers all aspects of
pesticides, including their use in crop protection and pest
control. Information on plant and insect growth
regulators, attractants, repellents and biological control is
also included. The database draws on 1,100 scientific
journals, conference proceedings, and patents beginning
in 1996. Records contain bibliographic information,
titles, abstracts, in-depth indexing, and Enzyme
Commission Numbers.
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EMBASE
Updated daily

ESBIOBASE
Updated weekly

KOSMET
Updated monthly

MEDLINE
Updated daily

The Excerpta Medica database covers worldwide
literature in the biomedical and pharmaceutical fields,
including biological science, biochemistry, human
medicine, forensic science, paediatrics, pharmacy,
pharmacology and drug therapy, pharmacoeconomics,
psychiatry, public health, biomedical engineering and
instrumentation and environmental science. Sources for
EMBASE include more than 4,000 journals from
approximately 70 countries, monographs, conference
proceedings, dissertations and reports.
Elsevier BIOBASE is a bibliographic current awareness
database providing comprehensive coverage of the entire
spectrum of biological research worldwide. Coverage
includes the following areas: applied microbiology,
biotechnology, cancer research, cell & developmental
biology, clinical chemistry, ecological & environmental
sciences, endocrinology, genetics, immunology,
infectious diseases, metabolism, molecular biology,
neuroscience, plant and crop science, protein
biochemistry and toxicology. Records are selected from
over 1,700 international scientific journals, books and
conference proceedings.
Cosmetic & Perfume Science & Technology (KOSMET)
is a bibliographic database containing citations to the
worldwide literature on cosmetics and perfumes, with an
emphasis on scientific and technical research and studies.
Citations, mostly with abstracts, include bibliographic
data, indexing information and CAS Registry Numbers.
For literature of non-English origin the original title is
given additionally. Coverage includes product
development, knowledge of healthy skin and its adnexa
(hair, nails, teeth, glands), trading of perfumes and
cosmetics, research and development of raw materials,
active ingredients, formulations, manufacture, analysis,
safety, in vitro toxicology, physiochemical properties,
biological properties, stability, packaging and clinical
studies. Sources include periodicals, technical
publications, conference proceedings and all reports from
IFSCC congresses and meetings.
MEDLINE contains information on every area of
medicine. The MEDLINE database corresponds to Index
Medicus, Index to Dental Literature and International
Nursing Index; OLDMEDLINE, with data from NLM’s
from the Cumulated Index Medicus (1960-1965) and
Current List of Medical Literature (1958-1959); and,
since August 2001, IN-PROCESS records, the latest
documents before they have been completely indexed for
inclusion on MEDLINE. Sources include journals and
chapters in books or symposia. Bibliographic
information, indexing terms, abstracts, chemical names
and CAS Registry Numbers are all searchable.
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NAPRALERT
Occasional updates

PASCAL
Updated weekly

RTECS
Updated quarterly

SCISEARCH
Updated weekly

TOXCENTER
Updated weekly

Natural Products Alert contains information on the
biological, biochemical and economic aspects of natural
drugs and their constituents. NAPRALERT covers
pharmacology, biological activity, taxonomic
distribution, ethics in medicine and the chemistry of
plant, microbial, or animal (including marine) extracts.
Records in NAPRALERT relate to organisms and natural
products. Nearly 50% of the database contains records
obtained by systematic indexing of literature since 1975.
Sources include journals, books, patents, conference
proceedings, government reports and newsletters.
Bibliographic information, substances information,
taxonomic and chemical names and CAS Registry
Numbers are searchable.
The PASCAL database provides access to scientific and
technical literature including physics and chemistry, life
sciences (biology, medicine, and psychology), applied
sciences and technology, earth sciences, and information
sciences. Approximately 5,000 journal titles are indexed
in PASCAL. French and European literature is
particularly well represented in PASCAL. About 500,000
new records are added each year.
Registry of Toxic Effects of Chemical Substances
contains factual toxicity data for commercially important
substances from research and government reports.
Coverage includes irritation data, federal standards and
regulations, mutagenicity, tumoregenic effects, acute
toxicity and multiple dose toxicity data, carcinogenicity
reviews, NIOSH-recommended human exposure limits,
reproductive effects, and information on activities by
NIOSH, US EPA (Environmental Protection Agency),
NTP (National Toxicology Program) and OSHA
(Occupational Safety and Health Administration).
Sources include journal articles, government reports and
unpublished EPA test submissions (TSCATS). Molecular
formulas, RTECS Numbers, CAS Registry
Science Citation Index, one of the largest
multidisciplinary scientific databases, is an international
index to the literature covering virtually every subject
area within the broad fields of science, technology and
biomedicine. Records include references from over 5,600
scientific, technical and medical journals are contained in
the database.
Toxicology Center covers the pharmacological,
biochemical, physiological, and toxicological effects of
drugs and other chemicals. TOXCENTER is composed
of the following subfiles: BIOSIS (1969 to date), CAplus
(1907 to date), IPA (1970 to date), and MEDLINE (1953
to date). Sources include abstracts, books and book
chapters, bulletins, conference proceedings, journal
articles, letters, meetings, monographs, notes, papers,
patents, presentations, research and project summaries,
reviews, technical reports, theses, translations,
unpublished material, web reprints. Records contain
bibliographic data, abstracts, indexing terms, chemical
names and CAS Registry Numbers

RMS: NO
Co-RMS: NL

- 300 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Table 10.1-02 Justification for choice of DIALOG-databases. All PROQUEST databases are current and updated
regularly.

Database
AGRICOLA

AGRIS International

Aqualine

ASFA

Justification
AGRICOLA (AGRICultural OnLine Access) is an
extensive international bibliographic database consisting
of records for literature citations of journal articles,
monographs, theses, patents, translations, microforms,
audiovisuals, software and technical reports. Available
since 1970, AGRICOLA serves as a document locator
and bibliographic access and control system for the U.S.
National Agricultural Library (NAL) collection, but since
1984 the database has also included some records
produced by cooperating institutions for documents not
held by NAL. For additional coverage of non-U.S.
agricultural materials, see AGRIS INTERNATIONAL.
AGRIS International is the international information
system for agricultural sciences and technology. The
AGRIS International database has served since 1974 as a
comprehensive inventory of worldwide agricultural
literature which reflects research results, food production,
and rural development to help users identify problems
involved in all aspects of world food supply. Emphasis in
AGRIS International is non-U.S. This file corresponds in
part to the printed publication, Agrindex, published
monthly by the Food and Agriculture Organization
(FAO) of the United Nations. AGRIS is a cooperative,
decentralised system in which over 100 national and
multinational centers take part. It collects and makes
available current information on the agricultural literature
of the world appearing in journals, books, reports, and
conference papers. Each country which participates in
AGRIS does so by submitting information about
documents published within its own territories. All
contributing sources are of non-U.S. origin. FAO acts as
a coordinating agency within this global information
system, facilitating the exchange of agricultural
information to its member countries.
Aqualine contains abstracts and bibliographic citations
from approximately 300 journals as well as from
conference proceedings, scientific reports, books and
theses. Major subjects of coverage include water
resources and supplies management, water legislation,
water quality, potable water distribution, wastewater
collection, water treatment technologies, wastewater and
sewage treatment, and ecological and environmental
effects of water pollution. Previously published by the
well-known and respected WRc in England, Aqualine is
now produced in joint cooperation with WRc and CSA.
ASFA (Aquatic Sciences and Fisheries Abstracts) series
is the premier international reference in the field of
aquatic resources. Since 1966 input to ASFA has been
provided by a growing international network of
information centers monitoring more than 5,000 serial
publications, books, reports, conference proceedings,
translations and limited distribution literature. ASFA is a
component of the Aquatic Sciences and Fisheries
Information System (ASFIS), formed by four United
Nations agency sponsors of ASFA and a network of
international and national partners.
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CAB ABSTRACTS

CEABA®

CSA Life Sciences Abstracts

Ecology Abstracts

Enviroline®

The CAB Abstracts database covers worldwide literature
from all areas of agriculture and related sciences
including biotechnology, forestry, and veterinary
medicine. Sources for CABA include journals, books,
reports, published theses, conference proceedings, and
patents. Bibliographic information, indexing terms,
abstracts and CAS Registry Numbers are searchable.
CEABA® - Chemical Engineering and Biotechnology
Abstracts database contains references with abstracts,
keywords and bibliographic details of international
scientific and application-oriented literature on chemical
engineering and biotechnology. It covers journals,
conference proceedings, books, dissertations and grey
literature. Abstracts are in German and/or English. The
CEABA database was published by DECHEMA e.v.
from 1963 to May 2011. From June 2011 it has been
produced by WTI-Frankfurt.
CSA Life Sciences Abstracts contains abstracts and
bibliographic citations from recent worldwide research
literature in major areas of biology, medicine,
biochemistry, biotechnology, genetics, immunology,
ecology, microbiology and some aspects of agriculture
and veterinary science. CSA Life Sciences Abstracts is
produced by CSA (Cambridge Scientific Abstracts) and
corresponds to print series of more than 20 abstracting
journals since 1966.
Ecologists will find in this journal the essence of current
ecology research across a wide range of disciplines,
reflecting recent advances in light of growing evidence
regarding global environmental change and destruction.
Ecology Abstracts focuses on how organisms of all kinds
- microbes, plants, and animals - interact with their
environments and with other organisms. Included are
relevant papers on evolutionary biology, economics, and
systems analysis as they relate to ecosystems or the
environment. With coverage ranging from habitats to
food chains, from erosion to land reclamation, the journal
provides an important cross-section of current findings in
target research areas. Detailed information on resource
and ecosystems management and modeling contributes to
the journal's practical value, as does material on the
impact of climate, water resources, soil, and man or
growing environmental problems such as depletion,
erosion, and pollution all topics which are covered in
depth. Comprehensive, yet carefully focused coverage
makes this an essential resource for scientists concerned
with preserving the environment.
Enviroline® covered the world's environmental related
information from 1975-2008. It provided indexing and
abstracting coverage of more than 1,000 international
primary and secondary publications reporting on all
aspects of the environment highlighting such fields as
management, technology, planning, law, political
science, economics, geology, biology and chemistry as
they relate to environmental issues. Published by
Congressional Information Service it corresponds to the
print Environment Abstracts.
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Environment Abstracts

Environmental Engineering Abstracts

Environmental Sciences

FLUIDEX

Environment Abstracts (formerly Environment Abstracts
published by LexisNexis) encompasses all aspects of the
impact of people and technology on the environment and
the effectiveness of remedial policies and technologies.
As of 1994, the database also provides expanded
coverage of energy-related issues. Environment Abstracts
provides access to more than 950 journals published in
the U.S. and abroad. The database also covers conference
papers and proceedings, special reports from
international agencies, non-governmental organizations,
universities, associations and private corporations. Other
materials selectively indexed include significant
monographs, government studies and newsletters.
Environment Abstracts customers will also receive access
to Sustainability Science Abstracts and EIS: Digests of
Environmental Impact Statements. Environment
Abstracts also includes a special collection of over 4,000
full text government reports.
Environmental Engineering Abstracts database covers the
world literature from 1966 to the present pertaining to the
technical and engineering aspects of air and water
quality, environmental safety and energy production.
More than 7,000 primary journals are thoroughly indexed
and abstracted. More than 2,500 additional sources,
including monographs and conference proceedings, are
monitored for relevant articles. Published by CSA
(Cambridge Scientific Abstracts).
Environmental Sciences contains abstracts and
bibliographic citations providing comprehensive
international coverage of the environmental sciences
from 1966 to the present. The research areas range from
agricultural biotechnology and air quality to waste
management and water resource issues. Abstracts and
citations are drawn from over 6,000 serials including
scientific journals, conference proceedings, reports,
monographs, books and government publications.
Published by CSA (Cambridge Scientific Abstracts).
FLUIDEX is a bibliographic database providing a
comprehensive source of information on all aspects of
fluids engineering, behavior and applications. It is an
ideal awareness tool for past and current developments in
the process and civil engineering worlds. Coverage
includes the latest in theoretical fluid dynamics research,
innovative separation techniques, wind loading on
offshore platforms, and the application and operation of
hydraulic and pneumatic technologies. By bringing
together both trade and scientific literature, FLUIDEX
provides a unique source of information for scientists and
engineering professionals alike. Each FLUIDEX record
contains the full bibliographical citation, indexing terms
and codes; 98% of all records include abstracts. The
database provides current coverage of over 400
international journals, including both peer-reviewed titles
and trade publications, and provides archival coverage of
several hundred additional journal titles and books.

RMS: NO
Co-RMS: NL

- 303 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Foodline®: SCIENCE

FSTA®

GeoArchive

GEOBASE

Foodline®: SCIENCE is a vital resource for keeping upto-date with published information on food science and
technology worldwide. All aspects of the food and drink
industry are covered, including ingredients and process
technology, microbiology, packaging, food chemistry,
biotechnology, food safety and nutrition. A key strength
of the database is its currency, key journals being
abstracted and available online within two weeks of
delivery. More than 250 current periodicals are scanned
extensively for FoodlineScience. In total, more than
1,800 records are added to FoodlineScience each month,
including scientific journals, trade journals, books, book
chapters, standards, technical reports and PCT, European,
UK, US and Japanese patents.
FSTA® is produced by IFIS (UK) - core food
information, an independent, not-for-profit organisation
whose primary objective is to provide quality information
products and services designed to meet the needs of all
those working in the food sector. FSTA® is the largest
and most respected collection of food science, food
technology and food related human nutrition abstracts,
providing content since 1969. It is compiled by a team of
specialist scientists dedicated to producing a database of
consistent high quality and timeliness. Continual
development of coverage allows FSTA® to maintain its
position as the market-leading food science database.
There are more than 109,000 patent records including
more than 11,000 Japanese patents. FSTA® covers
journal articles (approximately 80%), patents, theses,
standards, legislation, books, reviews and conference
proceedings.
GeoArchive is a comprehensive database covering all
types of information sources in geoscience, hydroscience,
and environmental science since 1974 to current. The
criteria for inclusion in GeoArchive are that the source
should be publicly available and have relevant
information content, even if the reference is to a small
news item in a magazine. GeoArchive, produced by
Geosystems, provides international coverage of over
5,000 serials, books from over a 2,000 publishers,
geological maps, and doctoral dissertations. Published by
Geosystems, U.K.
GEOBASE is a unique bibliographic database covering
worldwide research literature since 1980 in physical and
human geography, earth and environmental sciences,
ecology, and related disciplines. In addition to providing
comprehensive coverage of the core scientific and
technical periodicals, Geobase has a unique coverage of
non-English language and less readily available
publications. Over 2,000 journals are fully covered with
an additional 3,000 having partial coverage. Over 2,000
books, monographs, conference proceedings, and reports
are also included.
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MEDLINE (Medical Literature, Analysis, and
Retrieval System Online)

Meteorological and Geoastrophysical Abstracts

MEDLINE is produced by the U.S. National Library of
Medicine (NLM) and is the U.S. National Library of
Medicine's premier bibliographic database that contains
more than 15 million references to journal articles in life
sciences with a concentration on biomedicine. The broad
coverage of the database includes basic biomedical
research and the clinical sciences since 1950 including
nursing, dentistry, veterinary medicine, pharmacy, allied
health and pre-clinical sciences. MEDLINE also covers
life sciences that are vital to biomedical practitioners,
researchers and educators, including some aspects of
biology, environmental science, marine biology, plant
and animal science as well as biophysics and chemistry.
Increased coverage of life sciences began in 2000.
MEDLINE is indexed using NLM's controlled
vocabulary, MeSH® (Medical Subject Headings).
Approximately 400,000 records are added per year, of
which more than 76% are in English.
Meteorological and Geoastrophysical Abstracts provides
current citations in English for the most important
meteorological and geoastrophysical research published
in worldwide literature sources since 1966 to the present.
Over 200 sources, including technical journals,
monographs, proceedings, reviews and annual
publications are scanned for relevant literature. Subject
coverage includes meteorology (weather and climate),
astrophysics, physical oceanography, hydrosphere and
hydrology, environmental sciences, and glaciology.
Content from American Meteorological Society,
published by CSA.

Studies relevant to the dossier are those that inform one or more data requirement(s), including hazard
identification, hazard characterization and exposure assessment, for benfluralin, its relevant metabolites or plant
protection products. The relevancy criteria for the toxicological aspects are given in table B.10.1-03.
Table B.10.1-03 Criteria considered for relevancy of studies relating to individual toxicology data requirements

Data requirement (datapoint)

Relevancy criteria considered

Active substance
Studies on absrption, distribution, metabolism and
excretion in mammals (KCA 5.1)

1. Well-defines test material.
2. In vivo tests in relevant test species.
3. In vitro tests.
4. PBPK modelling.
5. Specific endpoint can be clearly related to this data
requirement.

Acute toxicity (KCA 5.2)

1. Well-defines test material.
2. Relevant test species.
3. Relevant route of exposure
4. Specific endpoint can be clearly related to this data
requirement.

Short-term toxicity (KCA 5.3)

1. Well-defines test material.
2. Relevant test species.
3. Relevant route of exposure
4. Specific endpoint can be clearly related to this data
requirement.
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Genotoxicity (KCA 5.4)

1. Well-defined test material.
2. In vitro tests.
3. In vivo tests in relevant test species.
4. Specific endpoint can be clearly related to this data
requirement.

Long-term toxicity and carcinogenicity (KCA 5.5)

1. Well-defines test material.
2. Relevant test species.
3. Relevant route of exposure
4. Specific endpoint can be clearly related to this data
requirement.

Reproductive toxicity (KCA 5.6)

1. Well-defines test material.
2. Relevant test species.
3. Relevant route of exposure
4. Specific endpoint can be clearly related to this data
requirement.

Neurotoxicity studies (KCA 5.7)

1. Well-defines test material.
2. In vivo tests in relevant test species.
3. Relevant route of exposure
4. Specific endpoint can be clearly related to this data
requirement.

Other toxicological studies (KCA 5.8)

1. Well-defined test material.
2. In vitro tests.
3. In vivo tests in relevant test species.
4. Relevant route of exposure.
5. Specific endpoint can be clearly related to this data
requirement.

Medical data (KCA 5.9)

1. Well-defined test material.
2. Epidemiological studies.
3. Poisonings, clinical cases.
4. Relevant route of exposure.

Plant protection products
Acute toxicity (KCP 7.1)

1. Well-defines test material.
2. Relevant test species.
3. Relevant route of exposure
4. Specific endpoint can be clearly related to this data
requirement.

Data on exposure (KPC 7.2)

1. Well-defined test material.
2. Field studies.
3. Calculations.
4. Specific endpoint can be clearly related to this data
requirement.

Dermal absorption (KPC 7.3)

1. Well-defined test material.
2. In vitro tests.
3. In vivo tests in relevant test species.
4. Specific endpoint can be clearly related to this data
requirement.

The selection process results in two categories of publication:


Relevant studies and studies unclear relevance after detailed assesment of full-text documents for
relevance;



Studies considered to be non-relevant after initial review.
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The reliability assessment for any relevant study was carried out according to Klimisch et al. (1997). The
following codes and categories of reliability are assigned:

Code
1
2
3
4

Category
Reliable without restriction
Reliable with restriction
Not reliable
Not assignable

1 Reliable without restriction
This includes studies or data from the literature or reports which were carried out or generated according to
generally valid and/or internationally accepted testing guidelines (preferably performed to GLP) or in which the
test parameters documented are based on a specific (national) testing guideline (preferably performed according to
GLP) or in which all parameters described are closely related/comparable to a guideline method.
2 Reliable with restrictions
This includes studies or data from the literature, reports (mostly not performed according to GLP), in which the
test parameters documented do not totally comply with the specific testing guideline, but are sufficient to accept
the data or in which investigations are described which cannot be subsumed under a testing guideline, but which
are nevertheless well documented and scientifically acceptable.
3 Not reliable
This includes studies or data from the literature/reports in which there are interferences between the measuring
system and the test substance or in which organisms/test systems were used which are not relevant in relation to
the exposure (e.g., unphysiologic pathways of application) or which were carried out or generated according to a
method which is not acceptable, the documentation of which is not sufficient for an assessment and which is not
convincing for an expert judgement.
4 Not assignable
This includes studies or data from the literature, which do not give sufficient experimental details and which are
only listed in short abstracts or secondary literature (books, reviews, etc.)
Search strategy
The search was limited by the time window: August 2006 – May 2016 and was restricted to scientific journals.
Other sources such as conference proceedings and patents were excluded.

Search terms
The search terms for benfluralin and its metabolites are shown in table B.10.1-04.
Table B.10.1-04 Search terms for benfluralin and its metabolites
Description/justification of search terms
Search term
ISO common names of active substance
Benfluralin
Active substance synonyms
Benefin
Benthrodine
Benfluraline
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Product name(s)

Bonalan
Balan
Binnell
Benephin
Flubalex
Benefex
EL-110
LY 54521
EF-1533
ethyl-butyl-nitrosamine
N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-ptoluidine
N-butyl-N-ethyl-2,6-dinitro-4-(trifluoromethyl)
Benzenamine
285
1861-40-1
217-465-2
Benfluralin diamine
N2-butyl-N2-ethyl-3-nitro-5-(trifluoromethyl)
benzene-1,2-diamine
N2-butyl-N2-ethyl-5-(trifluoromethyl)-1,2,3benzenetriamine
Ethyl propyl benzimidazole
1-ethyl-7-nitro-2-propyl-5-(trifluoromethyl)-1Hbenzimidazole
2,6-dinitro-4-(trifluoromethyl)-phenol
des-alkyl benfluralin diamine
3-nitro-5(trifluoromethyl)-1,2-benzenediamine
propyl benzimidazole
4-nitro-2-propyl-6-(trifluoromethyl)-1Hbenzimidazole
methyl benzimidazole
2-methyl-4-nitro-6-(trifluoromethyl)-1Hbenzimidazole
ethyl propyl benzimidazole
1-ethyl-7-nitro-2-propyl-5-(trifluoromethyl)-1Hbezimidazole

Active substance development code
Product development code
Impurities noted in the last EU review
IUPAC names:
Chemical name:
CIPAC
CAS numbers:
EEC Number:
Metabolites plus synonyms:

Search results
A summary of the search results are shown in table B10.1-05.
Table B.10.1-05 Findings of the literature review
Summary of the review
n
Justification
Total number of summary records
retrieved after removing duplicates
from all database searches

195

Number of summary records
excluded after rapid assessment for
relevance (by title/abstract)
Number of summary records of
potential/unclear relevance assessed
in further detail (by abstract/fulltext)

188

7

The search was limited by the time window: August 2006
– May 2016 and was restricted to scientific journals. Other
sources such as conference proceedings and patents were
excluded. STN and Dialog databases.
Appendix 4 in Literature review report (Exponent, 2016)
KCA Section 9/KCP Section 11
See table B.10.1-06
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Number of studies excluded from
further consideration after detailed
assessment for relevance (by
abstract/full-text)
Number of studies not excluded for
relevance after detailed assessment
(i.e. relevant studies and studies of
unclear relevance)
Number of relevant and reliable
studies (Klimisch criteria 1-2)
identified by the literature search
and appraisal process

3

See table B.10.1-06

4

See table B.10.1-06

4

See table B.10.1-06

A more detailed assessment of the potential relevant studies is given in table B.10.1-06.

Table B.10.1-06 Overview of the potential relevant studies and studies of unclear relevance after detailed
assessments for relevance
No

1.

2.

Autho
r

Y Title
e
a
r

Referen
ce

Meet
relevance
criteria
(Y/N)

Meet
Reliability
Criteria
(Score)

BarcoBonill
a, N.
Romer
oGonza
lez,
R.,
PlazaBolan
os, P.,
Martin
ez
Vidal,
J.L.,
Garrid
o
Frenic
h, A.
Borrás
, E.,
Sanch
ez, P.,
Muno
z, A.,
Tortaj
adaGenra
o,
L.A.

2
0
1
3

Systematic
study of the
contamination
of wastewater
treatment
plant effluents
by organic
priority
compounds in
Almeria
province (SE
Spain)

Sci
Total
Environ
(2013)
Vol.
447, pp.
381-9

Y

2

2
0
1
1

Development
of a gas
chromatograp
hy-mass
spectrometry
method for
the
determination
of pesticides
in gaseous
and
particulate
phases in the
atmosphere

Anal
Chim
Acta
(2011)
Vol.
699(1),
pp. 5765

N

N/A

Basis for
relevance
/
reliability
decision
(title,
abstract
or full
article)
Full
article

Comments

EU data
point

Monitoring study of wastewater
effluents. The occurrence of POPs in
wastewater effluents was evaluated in a
semi-arid area, characterized by a high
agricultural and tourism activity.
Twelve WWTPs were sampled in three
campaigns during 2011, obtaining a
total of
33 samples, monitoring 226
compounds, including pesticides,
PAHs, phenolic compounds and VOCs.
No benfluralin was reported to be
detected

KCA
7.5

Abstract

Method of analysis developed to detect
pesticides in the atmosphere.
Subsequently used to analyse samples
taken from Mediterranean agricultural
areas
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3.

4.

5.

6.

Bro,
E.,
Millot
, F.,
Decor
s, A.,
Devill
iers, J.

2
0
1
5

Quantification
of potential
exposure of
gray partridge
(Perdix
perdix) to
pesticide
active
substances in
farmlands
Zebrafish and
development
screening of
the ToxCast
Phase I
chemical
library

Sci
Total
Environ.
(2015)
Vol.
521522, pp.
315-25

N

N/A

Full
Article

Methodology for estimating exposure
to various active substances.
Benfluralin is not mentioned

Padill
a, S.
Coru
m, D.,
Padno
s, B.,
Hunte
r,
D.L.,
Beam,
A.,
Houck
, K.A.,
Sipes,
N.,
Kleins
treuer,
N.,
Knuds
en, T.,
Dix,
D.J.,
Reif,
D.M.
Pasti,
L.,
Nava,
E.,
Morell
i, M.,
Bigna
mi, S.,
Dondi
, F.
Sokol
ová,
R.,
Koliv
oska,
V.,
Gal,
M.

2
0
1
2

Reprod
Toxicol
(2012)
Vol.
33(2),
pp. 17487

Y

1

Full
article

Well conducted study including a test
for reproducibility of results

KCA
8.2.2.1

2
0
0
7

GC/MS
analysis of
pesticides in
the Ferrara
area (Italy)
surface water:
a
chemometric
study

Ann
Chim
(2007)
Vol.
97(5-6),
pp. 35972

Y

2

Full
article

Monitoring study in surface water over
a 3 year period. Concentrations of 42
pesticides were determined by GC-MS
on samples from 11 points along the
Ferrara area rivers have been analysed
by chemometric tools. The data were
collected over a three-year period
(2002-2004). No benfluralin was

KCA
7.5

2
0
1
3

Adsorption of
pesticide
benfluralin at
the
electrochemic
al interface

Journal
of
Electroa
nalytical
Chemist
ry
(2013)
Vol.
710, pp.
36–40

N

4

Abstract

Unsuitable test system or conditions
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7.

Tarola
,
A.M.,
Preti,
R.

2
0
1
2

Monitoring of
pesticides
residues in
Italian
mineral
waters by
solid phase
extraction and
gas
chromatograp
hy mass
spectrometry

JWARP
(2010)
Vol.
4910),
pp. 842846

Y

2

Full
article

Twenty-two pesticides and metabolites,
selected on the basis of regional priority
lists, were surveyed in thirty Italian
mineral waters springs for three years
by a procedure based on solid phase
extraction in combination with gas
chromatography coupled with mass
spectrometry detection. No benfluralin
was detected (LOD = 0.002 μg/L).

KCA
7.5

Articles of potential relevance to the regulatory data package for the active substance were investigated in further
detail by examining the abstract and/or the full article text. Where articles were considered to meet the criteria for
relevance, an assessment of the reliability of the study was carried out based on the approach described in
Klimisch et al., (1997). Table B.10.1-06 presents the articles identified as potentially relevant and/or relevant and
reliable, including details of the appraisal for relevance and reliability. This process identified a total of four
relevant studies, which were of suitable reliability to support designation of Klimisch criteria 1 or 2. The studies
considered relevant and reliable related to the following EU data points:


CA 7.5 Monitoring Data



CA 8.2.2.1 Fish early life stage toxicity test

Conclusion
A review of the published literature for benfluralin revealed four articles of relevance to the regulatory data
package, three of the articles are relevant to the environmental fate part of the data package, and the remainder is
relevant to the ecotoxicology part of the data package. There was not found relevant articles relating to
toxicological endpoints. Thus conclusions from the toxicological studies in the dossier will not be changed based
on open literature.

B.6.10.2 Active substance reference

New studies relied upon (studies submitted for the purpose of renewal of approval under Regulation (EC) No
1107/2009)
Data point
Author(s)
Year
Title
Vertebr
Data
Justification if
Company Report No.
ate
protecti data protection is
Source (where different from
on
study
claimed
company)
claimed
Y/N
GLP or GEP status
Y/N
Published or not

Owner*
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Data point

Author(s)

Year

CA 5.1.2/01

Zhang, F.,
McClymont
, E.L.,
Erskine,
T.C., Hales,
C.A.

2016

CA 5.2.7/01

Roth, M.

2016

CA 5.4.1/07

Lloyd, M.

2017a

CA 5.4.1/08

Lloyd, M.

2017b

CA 5.4.1/09

Lloyd, M.

2017c

CA 5.4.1/10

Lloyd, M.

2017d

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benfluralin: In vitro
comparative metabolism using
liver microsomes from
CD1(ICR) mice, F344/
rats, New Zealand White
rabbits, beagle dogs and human
donors
Toxicology and Environmental
Research and Consulting,
Report No. 151074
GLP
Unpublished
Benfluralin: Cytotoxicity assay
in vitro with BALB/c 3T3 cells:
Neutral RED (NR) test during
simultaneous irradiation with
artificial sunlight
Envigo CRS GmbH: report No.
1742300
GLP
Unpublished
Benfluralin Technical: Batch
2228: Bacterial Reverse
Mutation Assay
Covance Laboratories Inc.,
Report No.8367644
GLP
Unpublished
Benfluralin Technical: Batch
2614: Bacterial Reverse
Mutation Assay
Covance Laboratories Inc.,
Report No.8367647
GLP
Unpublished
Benfluralin Technical: Batch
2228: In Vitro L5178Y Gene
Mutation Assay at the hprt
locus
Covance Laboratories Inc.,
Report No.8367645
GLP
Unpublished
Benfluralin Technical: Batch
2614: In Vitro L5178Y Gene
Mutation Assay at the hprt
locus
Covance Laboratories Inc.,
Report No.8367648
GLP
Unpublished

Vertebr
ate
study
Y/N

Data
protecti
on
claimed
Y/N

Justification if
data protection is
claimed

Owner*

N

N

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection
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Data point

Author(s)

Year

CA 5.4.1/11

Lloyd, M.

2017e

CA 5.4.1/12

Lloyd, M.

2017f

CA 5.4.2/03

2017a

CA 5.4.2/04

2017b

CA 5.8.1/01

Woods, I.

2018a

CA 5.8.1/02

Woods, I.

2018b

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benfluralin Technical: Batch
2228: In Vitro Human
Lymphocyte Micronucleus
Assay
Covance Laboratories Inc.,
Report No.8367646
GLP
Unpublished
Benfluralin Technical: Batch
2614: In Vitro Human
Lymphocyte Micronucleus
Assay
Covance Laboratories Inc.,
Report No.8367649
GLP
Unpublished
Benfluralin Technical, Batch
2228: Rat Bone Marrow
Micronucleus Assay
,
Report No. 8368604
GLP
Unpublished
Benfluralin Technical, Batch
2614: Rat Bone Marrow
Micronucleus Assay
,
Report No. 8368605
GLP
Unpublished
2,6 dinitro-4(trifluoromethyl)phenol:
Bacterial Reverse Mutation Test
Envigo Laboratories Inc.,
Report No. GX26FK
GLP
Unpublished
2,6 dinitro-4(trifluoromethyl)phenol: In
Vitro Mutation Test using
Mouse Lymphoma L5178Y
Cells
Envigo Laboratories Inc.,
Report No. TC59VG
GLP
Unpublished

Vertebr
ate
study
Y/N

Data
protecti
on
claimed
Y/N

Justification if
data protection is
claimed

Owner*

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

Y

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

Y

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection

N

Y

New study,
submitted for the
purpose of active
substance renewal

Gowan
Crop
Protection
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Data point

Author(s)

CA 5.8.2/01

Year

2010

CA 5.8.3/01

LeBaron,
M.J.,
Schisler,
M.R.,
Visconti,
N.R.

2011a

CA 5.8.3/02

LeBaron,
M.J., Kan,
L.

2011

CA 5.8.3/03

LeBaron,
M.J.,
Schisler,
M.R.,
Visconti,
N.R.

2011b

CA 5.8.3/04

Coady,
K.K.,
Sosinski,
L.K.

2011

CA 5.8.3/05

LeBaron,
M.J., Kan,
H.L.,
Perala,
A.W.

2011c

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benfluralin: profiling
benfluralin-induced molecular,
cellular, and biochemical
changes in male F344/
rats
,
Report No. 090246
Non-GLP
Unpublished
Evaluation of benefin in an in
vitro estrogen receptor binding
assay
Toxicology & Environmental
Research and Consulting,
Report No. 111123
GLP
Unpublished
Evaluation of benefin in an in
vitro estrogen receptor
transcriptional activation assay
in human cell line Hera-Hela9903
Toxicology & Environmental
Research and Consulting,
Report No. 101184
GLP
Unpublished
Evaluation of benefin in an in
vitro androgen receptor binding
assay
Toxicology & Environmental
Research and Consulting,
Report No. 111097
GLP
Unpublished
Benefin: Evaluation of Benefin
in the human recombinant
aromatase assay
Toxicology & Environmental
Research and Consulting,
Report No. 101143
GLP
Unpublished
Evaluation of Benefin in the in
vitro steroidogenesis assay
Toxicology & Environmental
Research and Consulting,
Report No. 101183
GLP
Unpublished

Vertebr
ate
study
Y/N

Data
protecti
on
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

RMS: NO
Co-RMS: NL

- 314 Benfluralin
Annex B.6 (AS): Toxicology and metabolism data

Data point

CA 5.8.3/06

CA 5.8.3/07

CA 5.8.3/08

CA 5.8.3/09

CA 5.8.3/10

Author(s)

Year

2011

2012a

2012b

2012c

2012

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benefin: Uterotrophic assay in
the immature female
:CD(SD) rat
,
Report No. 101116
GLP
Unpublished
Benefin: Hershberger assay in
castrated adult male
:CD(SD) rats
,
Report No. 101114
GLP
Unpublished
Benefin: Pubertal development
and thyroid function in intact
juvenile/peripubertal female
:CD(SD) rats
,
Report No. 111073
GLP
Unpublished
Benefin: Pubertal development
and thyroid function in intact
juvenile/peripubertal male
:CD(SD) rats
,
Report No. 111074
GLP
Unpublished
Benfluralin: Evaluation of
potential estrogen, androgen or
thyroid effects
,
Report No. 120825
GLP
Unpublished

Vertebr
ate
study
Y/N

Data
protecti
on
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

* Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
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Studies relied upon for the first inclusion of benfluralin in Annex I to Directive 91/414/EEC and for renewal of approval
under Regulation (EC) No 1107/2009
Title
VerteData
Justification if
Data point
Author(s)
Year
Owner*
Company Report No.
brate
protec- data protection is
Source (where different
tion
study
claimed
from company)
claimed
Y/N
GLP or GEP status
Y/N
Published or not
CA
Excretion of radiocarbon in
Gowan
1988a
Y
N
Not applicable
the expired air of Fischer 344
Crop
5.1.1/01a
rats given a single oral dose
Protection
of 14C-benefin (EL-110,
Compound 54521)
,
Report No. R06087
GLP
Unpublished
CA
Radiocarbon disposition in
Gowan
1988a
Y
N
Not applicable
Fischer 344 rats given single
Crop
5.1.1/01b
oral doses of 14C-benefin
Protection
(EL-110, Compound 54521):
Pharmacokinetics, excretion
and residual tissue levels
,
Report No. R16687
GLP
Unpublished
CA
Characterisation and
Gowan
1988
Y
N
Not applicable
identification of radioactivity
Crop
5.1.1/02
in urine and feces of rats
Protection
dosed with 14C benefin
,
Report No. ABC-0389
GLP
Unpublished
CA
Tissue distribution of
Gowan
1988b
Y
N
Not applicable
radioactivity in Fischer 344
Crop
5.1.1/03
rats given single oral doses of
Protection
14C-benefin (EL-110,
Compound 54521)
,
Report No. R09987
GLP
Unpublished
CA
Biliary excretion of
Gowan
1988c
Y
N
Not applicable
radioactivity by Fischer 344
Crop
5.1.1/04
rats given single oral doses of
Protection
14C-benefin (EL-110,
Compound 54521)
,
Report No. R09987 and
R23887
GLP
Unpublished
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Data point

Author(s)

Year

CA
5.1.1/05

1988b

CA
5.1.1/06

1988d

CA
5.2.1/01

1996

CA
5.2.2/01

1990

CA
5.2.2/02

1997a

CA
5.2.3/01

1986

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
An overview of radiocarbon
disposition studies conducted
in male and female Fischer
344 rats given 14C-benefin
(EL-110, compound 54521)
,
Report No. R06087, R16687,
R09987, R23887, R09987
and R03588
GLP
Unpublished
Radiocarbon disposition in
Fischer 344 rats given
multiple oral doses of
unlabeled benefin (EL-110,
Compound 54521) followed
by a single oral dose of 14Cbenefin: excretion and
residual tissue levels
,
Report No. R03588
GLP
Unpublished
Benefin: Acute oral toxicity
study in Fischer 344 rats
, Report No. DR0097-3397-006A
GLP
Unpublished
The acute dermal toxicity of
benefin (EL-100, compound
054521) in new Zealand
white rabbits
,
Report No. B04990
GLP
Unpublished
Balan technical (EPA Reg.#
62719-100): Acute dermal
toxicity study in New Zealand
White rabbits
, Report No. 971155
GLP
Unpublished
The acute inhalation toxicity
of technical benefin (EL-110,
compound 54521) in Fischer
344 rat
,
Report No. R-H-048-85
GLP
Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection
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Data point

Author(s)

Year

CA
5.2.4/01

1990

CA
5.2.4/02

1997b

CA
5.2.5/01

1997c

CA
5.2.6/01

1984

CA
5.2.6/02

1998

CA
5.3.2/01

1966

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
The primary dermal irritation
of benefin (EL-110,
compound 054521) in New
Zealand White rabbits
,
Report No. B09690
GLP
Unpublished
Balan technical (EPA Reg.#
62719-100): Primary dermal
irritation study in New
Zealand White rabbits
, Report No. 971153
GLP
Unpublished
Balan technical (EPA Reg.#
62179-100): Acute primary
eye irritation study in New
Zealand White rabbits
, Report No. 971154
GLP
Unpublished
A guinea pig sensitization
study of benefin, compound
54521
,
Report No. G01183
GLP
Unpublished
Dermal sensitization study of
Balan technical in guinea pigs
- maximisation test
, Report
No. 8202485
GLP
Unpublished
Subacute toxicity of benefin
to rats
, Report No.
R0524
Non-GLP
Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection
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Data point

Author(s)

Year

CA
5.3.2/02

1996

CA
5.3.2/03

1988a

CA
5.3.2/04

1966

CA
5.3.2/05

1993

CA
5.3.3/01

1986

CA
5.3.3/02

1993

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
Subchronic toxicity studies of
benefin (Compound 054521)
administered orally in the diet
to Fischer 344 rats for 3
months
,
Report No. R33989, R44089
and R29990
GLP
Unpublished
A subchronic toxicity study in
B6C3F1 mice given benefin
(EL-110, Compound 54521)
in the diet for three months
,
Report No. M00180
Non-GLP
Unpublished
Subacute toxicity of benefin
to dogs
, Report No.D9694
Non-GLP
Unpublished
Benefin: 13-week oral
toxicity study in beagle dogs
,
Report No.
GLP
Unpublished
Subchronic (21-day) dermal
toxicity study in New Zealand
White rabbits with technical
benefin
,
Report No. B02185
GLP
Unpublished
Benefin: Probe and 21-day
repeated dose dermal toxicity
study in new Zealand White
rabbits
, Report No. DR0097-3397-002
GLP
Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection
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Data point

Author(s)

Year

CA
5.4.1/01

Rexroat,
M.A.

1985a

CA
5.4.1/02

Rexroat,
M.A.

1985b

CA
5.4.1/03

Deparade,
E.

2002

CA
5.4.1/04

Koenig,
G.R.,
Garriott,
M.L.,
Kindig,
D.E.F.

1988

CA

Bewsey, J.

1985

5.4.1/05

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
The effect of benefin (EL110, compound 54521) on the
induction of bacterial
mutation using a modification
of the Ames test
Lilly Research Laboratories,
Report No. 850610GPA2598
GLP
Unpublished
The effect of benefin (EL110, compound 54521) on the
induction of reverse
mutations in Salmonella
typhimurium using an Ames
test
Lilly Research Laboratories,
Report No.
850624AMS25898 and
850708AMS2598
GLP
Unpublished
Benfluralin technical:
Salmonella typhimurium and
Escherichia coli reverse
mutation assay
RCC Ltd, Report No. 84212
and 730900
GLP
Unpublished
The effect of benefin (EL110, compound 054521) on
the in vitro induction of
chromosome aberration in
Chinese hamster ovary cells
Lilly Research Laboratories,
Report No. 88102CTX2598,
881108CAB2598 and
881109CAB2598
GLP
Unpublished
The effect of benefin (EL110, compound 054521) on
the induction of forward
mutation at the thymidine
kinase locus of L5178Y
mouse lymphoma cells
Lilly Research Laboratories,
Report No. 850612MLA2598
and 850724MLA2598
GLP
Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

RMS: NO
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Data point

CA
5.4.1/06

Author(s)

Hill, L.E.

Year

1985

CA
5.4.2/01

1985

CA
5.4.2/02

2004

CA 5.5/01

CA 5.5/02

1973a

1996

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
The effect of benefin (EL110, compound 54521) on the
induction of DNA repair in
primary cultures of adult ray
hepatocytes
Lilly Research Laboratories,
Report No. 850716UDS2598
and 850723UDS2598
GLP
Unpublished
The effect of benefin (EL110, compound 54521) on the
in vivo induction of sister
chromatid exchange in bone
marrow of Chinese hamsters
,
Report No. 850722SCE2598
GLP
Unpublished
Evaluation of benefin in the
mouse bone marrow
micronucleus test
,
Report No. 031084
GLP
Unpublished
A study of the effects on rats
from the ingestion of benefin
for two years
,
Report No. R-0295
Non-GLP
Unpublished
Benefin: Two year dietary
chronic toxicity/oncogenicity
study in Fischer 344 rats

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

N

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

, Report No.

CA 5.5/03

1988b

GLP
Unpublished
A chronic toxicity and
oncogenicity study in B6C3F1
mice given benefin (EL-110,
compound 54521) in the diet
for two years
,
Report No. M02785 and
M02786
GLP
Unpublished
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Data point

CA 5.5/04

Author(s)

Year

1995

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
Benefin: One year oral
chronic toxicity study in
beagle dogs

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

, Report No.

CA 5.5/05

1972

CA
5.6.1/01

1973b

CA
5.6.1/02

1995

CA
5.6.2/01

1985a

CA
5.6.2/02

CA
5.6.2/03

1985b

1973c

GLP
Unpublished
A two year study of benefin
administered orally to beagles
,
Report No. D-92-65
Non-GLP
Unpublished
A multi-generation rat
reproduction study with
benefin
, Report No. R0305, R-0795, R-0316, R0057 and R-0657
Non-GLP
Unpublished
Two generation reproduction
study in rats with benefin
,
Report No. HWA 174-136
GLP
Unpublished
Teratology range-finding
study in pregnant rats
, Inc., Report No.
6180-100
GLP
Unpublished
Rat teratology study with
benefin
, Report No.
6180-101
GLP
Unpublished
A teratology study on benefin
in the rabbit
, Report No. B07-68
GLP
Unpublished
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Data point

CA
5.6.2/04

Author(s)

Year

1991

Title
Company Report No.
Source (where different
from company)
GLP or GEP status
Published or not
Teratology study in rabbits
with benefin
,
Report No. 3130.9
GLP
Unpublished

Vertebrate
study
Y/N

Data
protection
claimed
Y/N

Justification if
data protection is
claimed

Owner*

Y

N

Not applicable

Gowan
Crop
Protection
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Versions of RAR, Vol 3-Annex B.8 (AS) Benfluralin

Date

Reason for revision

August, 2017

First version submitted to EFSA

August, 2018

Amended the following subsections in light of comments and reporting table:
B.8.1.1.2 Degradation of the active substance in anaerobic soil
B.8.1.1.4 Route and rate of degradation of metabolites in soil
B.8.1.2.1 Adsorption and desorption of the active substance
B.8.1.2.2 Adsorption and desorption of metabolites
B.8.1.3.1 Column leaching studies
B.8.2.1.1 Hydrolysis
B.8.2.1.2 Photochemical transformation in water
B.8.2.2.3 Degradation in water/sediment system
B.8.4 Monitoring data concerning fate and behaviour of the active substance, metabolites,
degradation and reaction products
B.8.5 References relied on

September, 2018

Revision after expert meeting TC 192, including the following subsections:
B.8.1.1.1 Degradation of the active substance in aerobic soil
B.8.3.2 Transport via air

Also, an error in subsection B.8.3.2 Transport via air was amended to harmonize with the
conclusion of the RMS on the literature search that had been performed on long-range transport.
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B.8

Environmental fate and behaviour

B.8.1

Fate and behaviour in soil

B.8.1.1

Route and rate of degradation in soil

B.8.1.1.1 Degradation of the active substance in aerobic soil
Study CA 7.1.1.1/01a/7.1.2.1.1/01 – Graper 1990a
Study CA 7.1.1.1/01b – Knowles 2010a
Study CA 7.1.1.1/02/7.1.2.1.1/02 – Berard 1985
Study CA 7.1.2.1.1/03 – Knowles 2010b
Study CA 7.1.1.1/03a/7.1.2.1.1/04 – Roohi and Cooper 2015
Study CA 7.1.1.1/03b – Roohi 2016
Study CA 7.1.1.1/04 – Kercher 2018

Reference:

1. Graper, L.K., 1990a, Aerobic Metabolism of 14C Benefin in Sandy Loam Soil
2. Knowles S., 2010a, Benfluralin B12 Metabolite: Non-Relevance Rationale From
Quantitative Analysis.

Company Report No.:

1. Dow Elanco, Report No. ABC-0436
2. Dow AgroSciences non published report GHE-P-12409

Guideline:

1. US EPA 162-1
2. SANCO/221/2000-rev.10, Feb 2003: Guidance document on the assessment of the
relevance of metabolites in groundwater of substances regulated under council
directive 91/414/EEC

GLP:

No

Acceptability:

Not acceptable for the route of degradation of benfluralin, but provides supportive
information for the discussion of metabolite B12.

Previous evaluation:

1. In DAR (2006) / Corrigendum (2007)
2. Addendum Confirmatory data (August 2011, update November 2011)

Materials and methods:
1. Graper (1990a):

Soil samples were treated with [14C]-benfluralin (lot no. 553-JV8-282, specific
activity 8.68 µCi/mg, radiochemical purity of 98.4 %) at a concentration of 3.1
mg/kg dry soil. The samples were incubated under aerobic conditions in the dark at
24 °C, 75% moisture capacity at 0.33 bar. The test system had continuous aeration
and contained charcoal trap and 1N NaOH traps to collect the volatiles and CO2. Soil
characteristics are presented in Table 8.1.1.1-1.
At various time intervals, duplicate soil samples were extracted with methanol,
followed by dilution in methanol/water (50/50) under acidic conditions. Radioactivity
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in the extracts was determined by LSC. Soil extracts were analyzed for benfluralin
and soil metabolites by TLC and by NMR, IR and MS analysis. Soil samples
(incubated 189 d) were extracted with 0.5N sodium hydroxide to further characterize
the bound residues.

Table 8.1.1.1-1: Soil characteristics.
Soil textural classification (quoted USDA)
Country of origin

Sandy loam
US

Textural analysis (%)
Sand (53-2000 µm)

66

Silt (2-53 µm)

21

Clay (<2 µm)

13

Textural classification (UK)
3

2. Knowles (2010a):

Sandy loam

Bulk density (g/cm )

1.37

pH

7.1

Organic matter content (%)

1.5

Organic carbon content (%)

0.87

CEC (mEq/100 g)

8.8

MHC at 1/3 bar (% w/w dry soil)

12.9

A re-evaluation of the raw data for the benfluralin study by Graper (1990a), was
conducted to show that the metabolite B12 at the 2 and 3 month sample timepoints
had been over estimated using the quantitative chromatographic techniques used at
the time. Evidence is presented to show that metabolite B12 was not generated at
>5% AR on two consecutive timepoints.

Results (Graper 1990a)
Recoveries ranged from 82.1 % to 100 % AR, see Table 8.1.1.1-2. Several minor metabolites were observed in the
study, all were 5% AR except B12 which was observed at amounts slightly above 5 % AR at two consecutive
timepoints (5.2 % on day 64 and 5.1 % AR on day 91). The structural diversity of the 9 metabolites indicated that
the degradation process was very complex and involved dealkylation, oxidation of the alkyl amine group,
reduction of the nitro groups, dimerization to produce azoxy compounds and benzimidazole ring formation.

Benfluralin was recovered in large amount in the volatile traps at day 125 (8.3% AR = 5.2% + 3.1%).
Mineralization accounts for 1.7% AR at day 125. Bound residues account for 42.3% AR at day 125. Further
analysis of the bound residues at day 189 showed that 15.9%, 3.4%, 16.5%, 12.5% of the applied radioactivity was
associated with the humin (irreversibly bound), β-humus, fulvic acid and humic acid fractions, respectively.
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Table 8.1.1.1-2: Recovery of radioactivity in % AR and distribution of metabolites after application of
[ring- 14C]-benfluralin to a sandy loam soil and incubation under aerobic conditions at 24°C.
Volatiles

Extractable

Bound Total
days Total a.s. B34 B35 B36 B12 U1 U2 U3 U4 U5 U6 origin other Wash CO2 Org residues balance
extrac
appar
anic
table
atus
0

90.7 0.3

0.4

-

-

0.6

1.4

0.8

-

-

-

0.8

2.1

2.7

100.0

3

93

84.8 0.3

0.8

0.1

0.3

0.5

1.4

1.1

-

-

-

0.5

3.0

0.3

<0.1 0.4 3.6

97.2

6

84.6

77.3 0.3

0.8

-

0.5

0.6

1.3

1.0

-

-

-

0.3

2.5

0.6

<0.1 0.8 5.3

91.3

15

74.8

64.7 0.4

0.7

0.2

1.1

0.7

1.4

1.3

-

-

-

0.6

3.5

0.8

0.1 1.4 7.7

84.8

21

78.7

65.9 1.3

0.2

0.4

2.0

1.0

2.3

1.4

0.3

-

-

0.8

2.9

3.5

0.1 2.0 9.7

94.0

30

68.5

52.7 0.7

0.3

1.0

3.1

1.1

2.9

1.4

0.5

-

-

1.2

3.5

3.7

0.2 2.5 12.4

87.4

64

43.8

21.8 0.5

0.2

0.3

5.2

1.8

3.7

1.6

0.9

0.5

-

0.9

6.0

4.0

0.6 2.8 30.9

82.1

91

65.9

14.9 0.3

0.2

0.2

5.1

1.8

3.3

1.3

1.1

0.4

0.3

1.7

4.9

4.9

1.0 3.0 39.4

84.2

125 30.6

11.1 0.4

0.6

0.1

4.5

1.9

2.6

0.7

1.0

0.4

0.2

1.9

4.6

5.2

1.7 3.1 42.3

82.8

189 22.1

4.8

0.3

0.3

0.1

3.2

1.5

2.1

0.8

1.1

0.6

0.4

1.5

5.2

6.1

2.2 3.5 48.3

82.2

280 19.6

2.7

0.3

0.3

0.1

2.8

1.4

1.8

0.7

1.0

0.6

0.6

1.2

5.4

6.2

2.6 3.5 50.5

82.4

Results (Knowles 2010a)
Following the detailed re-evaluation of the raw data two important findings were highlighted:

1) Laboratory book reference 9BF, p. 74-76
There were additional chromatographic separations in the raw data conducted to separate polar components which
eluted before the metabolite B12. Using the second more polar TLC solvent system the metabolite B12
quantitation values reduced by > 25 %. This finding suggested that under improved separation conditions it would
be possible to resolve a co-eluting degradate. Results are presented in Table 8.1.1.1-3.

Table B.8.1.1.1-3: Metabolite B12 analysis results by different TLC systems.
Sampling interval
Soil components (% AR)
(Days)
B12(a)
B12(b)
(Original TLC analysis)
(New TLC analysis)
64
5.2
Not analysed
91
5.1
3.8**
125
4.5
3.4

B12
(predicted)*
3.9
-

* 25 % reduction applied to originally reported value
** Note RMS: the mention “Not analysed” was reported in the original report but after clarification metabolite B12 appears to be measured
with the New TLC analysis with a value of 3.8%
(a) The 1-dimensional and 2-dimensional thin layer chromatography solvent systems used to provide the values included in the original final
report (Graper, 1990a):
Solvent 1: 1-Dimensional: 97:3 v/v (Hexane:Methanol)
Solvent 2: 2-Dimensional: 80:20:1 v/v/v (Toluene:Ethyl acetate: Acetic acid)
(b) The 1-dimensional thin layer chromatography solvent systems used to improve the separation of the polar components in the sample
extract: 1-Dimensional: 90:10:1 v/v/v (Chloroform:Methanol:Acetic acid)

Using the improved separation conditions for the polar components in the sample extract, of which metabolite B12
is one component, the quantification level of the metabolite B12 in the 4 month timepoint sample was reduced
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from 4.5 % AR to 3.4 % AR. The results from using this solvent system indicate that original value reported for
metabolite B12 actually represented several co-eluting peaks which were all referred to as metabolite B12.
Although these additional solvent system conditions to obtain better separation of the polar components in the
sample extract were not used at the previous two timepoints (2 months and 3 months), it is postulated that the
report level of metabolite B12 actually represents one or more co-eluting peaks and not just metabolite B12.
Applying a 25% reduction in the reported levels of the 2 and 3 month timepoints, as experimentally seen in the 4
month timepoint would clearly lower the levels of the metabolite B12 below 5%. In fact just a 2-4% reduction in
the reported levels of the metabolite B12 would lower the report levels at 2 and 3 month timepoints below 5%. On
further review of the raw data the 3 month (91 day) sample was analysed by 1-D TLC and gave an assay of 3.8%
AR B12 metabolite versus reported value of 5.1%, see Table B.8.1.1.1-1

2) Laboratory book reference 8JD, pages 3-4
The study raw data highlights separate/additional soil samples which had been inoculated with benfluralin,
incubated and then analysed solely for metabolite identification purposes. The application rate used in these soil
samples was 20x the nominal rate report in the study by Graper, 1990a (to facilitate id work).
Analysis of these soil samples indicated again that there is evidence showing 3 co-eluting components eluting
at the same time as the metabolite B12 using the same chromatographic conditions to provide the quantitation data
in the study report.
Utilizing liquid chromatography to clean up the sample extracts, fractions were collected from a 120cm x 0.8
cm id (glass column packed with silica gel). Analysis and quantification of the components in each of the
collected sample fractions was then undertaken using the following the 1-dimensional Thin Layer
Chromatography Solvent system: 1-Dimensional: 80:20:1 v/v/v (Toluene: Ethyl acetate:Acetic acid)
The 1-dimensional thin layer chromatography data of each of the fractions collected indicated that the majority
of the metabolite B12 was associated with fraction 9 (FR9). It could also be said that co-eluting components were
also present in fractions 6 and 7 (FR6 an FR7) showing co-elution with the metabolite B12 reference standard was
seen.
Although the soil samples had been incubated for 8.8 months, the results clearly indicate that due to the polar
nature of metabolite B12, co-elution from other polar components is extremely likely when high performance
liquid chromatography (high resolution) has not applied. As high resolution chromatography had not been used to
generate the data presented in Table B.8.1.1.1-2 of the DAR November 2005 of benfluralin for the 2 and 3 month
timepoint samples it is evident that the values cited for metabolite B12 have been over estimated and would be
below 5 %.

Addendum (2011), RMS (BE) note on Knowles (2010a):
“During the evaluation of the report by Knowles (2010), on request of RMS, the applicant submitted the raw data
of the study by Graper (1990a) as well as further clarification on the interpretation of the raw data. The submitted
information confirms that the true level of metabolite B12 at any timepoint is below the 5% AR trigger.
The applicant additionally informed in the report by Knowles (2010) that further evidence indicating that
metabolite B12 is minor and below 5% can be obtained from the recent Annex I assessments of the active
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substances trifluralin and ethalfluralin. Benfluralin, trifluralin and ethalfluralin along belong to the same class of
chemistry called “dinitroanaline” (DNA). On evaluation of the Draft Assessment Reports (DAR) for both
trifluralin and ethalfluralin, it became apparent that metabolite B12 was also seen in the aerobic degradation
studies as a minor metabolite.
On analysing the data presented in both DAR’s, metabolite B12 was formed during the incubation period in low
amounts. The data indicates that this metabolite was always below the 2 x 5% AR threshold level and declining at
the end of the study.

Conclusions:
Detailed re-analysis of the original laboratory study raw data from the benfluralin study Graper (1990a)
demonstrates an overestimation of the reported quantification results for the metabolite B12. This is likely due to a
number of reasons:
-

extensive degradation of the parent molecule benfluralin is seen, so a significant number of low level
minor and in the main metabolites are formed.

-

the low chromatographic resolution of TLC versus HPLC has likely contributed to the co-elution of polar
metabolites in the chromatographic area of metabolite B12 leading to an overestimation reported levels.

-

finally, at the time of conducting the study (1990), the significance of the 5% AR trigger level for the
potentially relevant metabolites was not considered. It was not until the introduction of SANCO/221/2000rev.10-final, Feb 2003 that changed the trigger level from 10% AR to 5% AR. Therefore at the time of the
study, the 2 month and 3 month reported values for metabolite B12 of 5.2 and 5.1 % AR would not have
been investigated any further. In addition, the data clearly demonstrates that the metabolite B12 is minor
and transient, declining after formation and therefore considered of low concern.

The position paper is acceptable. RMS therefore agrees that no further evaluation of the metabolite B12
according to SANCO/221/2000 guidance for the non-relevance is necessary.”

RMS comments and conclusions
The RMS and Co-RMS are of the opinion that the degradation results from this study should not be considered in
the evaluation. The study was not performed according to the current OECD guideline and several shortcomings
were identified and altogether lead to uncertain results:
-

A closed flow-through system with only one test vessel was used. Test vessels were opened during the
experiment to allow sampling, which probably resulted in loss of test item through volatilization.

-

Recovery of the majority of the time points were below the required 90 % AR (84.8 % AR after 2 weeks,
only exceeding 90 % at one time point after this at 94 % after 21 d). A total mass balance of 82.4 % AR
was reached at the end of the study (9.2 months). Volatilized benfluralin may have escaped from the test
system when it was opened at each sampling interval. Additionally, the dichloromethane extracts were
concentrated before chromatographic analysis, a procedure which Roohi and Cooper (2015) found to
result in poor procedural recoveries due to the volatility of benfluralin.
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-

It is not possible to assess the repeatability and sensitivity of the analytical method, as duplicate samples
were mixed together before extraction and no limit of detection (LOD) or limit of quantification (LOQ) is
given.

-

The study was too briefly presented.

-

The storage time from sampling to analysis has not been clearly indicated

-

Additional minor shortcomings were:
o

Microbial biomass was not measured.

o

Study was not performed under GLP.

o

Minimal information about the history of the test soils was provided, e.g. coordinates, sampling
dates, climate and weather conditions, previous pesticide usage, possible storage conditions
between soil sampling and the experiment.

o

The study was performed at 24°C.

The study by Graper (1990a) is no longer considered appropriate for the assessment of the aerobic degradation of
benfluralin in soil. However, the discussion regarding metabolite B12 provides supplementary information to the
results from Roohi and Cooper (2015) on the route of aerobic soil degradation. Metabolite B12 was detected in
both studies. Based on the information provided by Graper (1990a) and Knowles (2010a), it cannot be determined
whether B12 was present at levels > 5 % AR on any of the time points. The Co-RMS used EPISuite 4.1 and
estimated the vapour pressure of B12 to be 1.3 x 10 -3 Pa at 25 °C, indicating that the metabolite may have suffered
losses through volatilization during the experiment by Graper (1990a). The RMS proposes the relevance of
metabolite B12 as an area where expert consultation is necessary.

Reference:

Berard, D.F., 1985, Dissipation of

14

C Benefin in Soils Maintained Under Aerobic

Conditions
Company Report No.:

Lilly Research Laboratories, Report No. ABC-0289

Guideline:

Not specified

GLP:

No

Acceptability

Not acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

Materials and methods:
Soil samples were treated with [14C]-benfluralin at a concentration of 1.012 mg/kg
dry soil. The samples were incubated under aerobic conditions in the dark at 24 °C,
75% moisture capacity at 0.33 bar. The containers were loosely covered. There was
no trapping of the volatiles. Soil characteristics are presented in Table 8.1.1.1-4.
At various time intervals, triplicate soil samples were extracted with methanol,
further eluted on C18 Sep-pak cartridges. Radioactivity in the extracts was
determined by LSC. Soil extracts were analyzed for benfluralin by TLC.

RMS: NO
Co-RMS: NL

-9Benfluralin
Annex B.8 (AS): Environmental fate and behaviour

Table 8.1.1.1-4: Soil characteristics.
Soil textural classification Sandy loam
(quoted USDA)
Country of origin
US
Particle size distribution (%)
Sand (53-2000 µm)
62.8
Silt (2-53 µm)
23.6
Clay (<2 µm)
13.6
Textural classification (UK)
Sandy loam
Bulk density (g/cm3)
1.020
pH
7.2
Organic matter content (%)
2.7
Organic carbon content (%)
1.57
CEC (mEq/100 g)
10.4

Silty loam

Clay loam

US

US

34.8
50.4
14.8
Sandy silt loam
1.012
6.8
3.2
1.86
14.1

29.6
37.2
33.2
Clay loam
1.016
6.4
3.1
1.80
19.0

Results
Recoveries ranged from 77.2 % to 100 % AR, see Table 8.1.1.1-5. Bound residues account for 59.7, 63.4 and 44.3
% AR at day 112.

Table 8.1.1.1-5: Recovery of radioactivity in % AR after application of [ring- 14C]-benfluralin to a sandy
loam soil, silty loam and clay loam and incubation under aerobic conditions at 24°C.
Sandy loam
Days
Methanol Extractable
Bound
Total
residues
balance
Total
Aqueous
a.s.
Other
fraction
0
96.6
2.3
91.9
2.4
3.4
100.0
7
84.3
4.3
73.2
6.8
11.6
95.9
14
69.5
7.0
55.4
7.1
22.3
91.8
28
50.3
9.4
33.5
7.4
40.5
90.8
56
29.5
8.7
14.1
6.7
55.4
84.9
84
22.1
7.9
8.0
6.2
61.5
83.6
112
17.5
6.8
5.5
5.2
59.7
77.2
Silty loam
Days
Methanol Extractable
Bound
Total
residues
balance
Total
Aqueous
a.s.
Other
fraction
0
97.4
2.3
92.7
2.4
2.6
100.0
7
87.3
3.4
77.3
6.6
12.7
100.0
14
76.9
7.8
61.0
8.1
20.0
96.9
28
68.0
8.7
50.2
9.1
32.0
100.0
56
46.6
9.5
27.5
9.6
47.4
94.0
84
35.9
10.2
17.4
8.3
57.0
92.9
112
28.0
9.4
11.0
7.6
63.4
91.4
168
20.7
7.5
6.1
7.1
66.1
86.8
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Table 8.1.1.1-5 continued: Recovery of radioactivity in % AR after application of [ring- 14C]-benfluralin to
a sandy loam soil, silty loam and clay loam and incubation under aerobic conditions at 24°C.
Clay loam
Days
Methanol Extractable
Bound
Total
residues
balance
Total
Aqueous
a.s.
Other
fraction
0
96.0
2.3
91.3
2.4
4.0
100.0
7
92.3
3.4
82.4
6.5
7.7
100.0
14
88.4
4.6
76.6
7.2
11.6
100.0
28
80.7
5.2
67.6
7.9
19.3
100.0
56
66.9
6.7
51.4
8.8
31.2
98.1
84
61.6
7.7
44.5
9.4
37.3
98.9
112
52.9
7.7
37.1
8.1
44.3
97.2
168
41.5
7.5
25.4
8.6
51.3
92.8

RMS comments and conclusions
The RMS and the Co-RMS are of the opinion that the results from this study should not be considered in the
evaluation. The study was not performed according to the current OECD guideline, and several shortcomings
which altogether lead to uncertain results were identified:
-

The test system was primitive. One test vessel was used per soil type, consisting of a loosely covered
glass flask.

-

The formation of metabolites, the mineralization and the possible volatilization of compounds were not
assessed.

-

Too low recovery in the sandy loam (84.9 %, 83.6 % and 77.2 % of AR on day 56, 84 and 112,
respectively) and the silty loam (86.8 % AR on day 168). Volatilized benfluralin may have escaped from
the test system when the flasks were opened at each sampling interval. Additionally, the dichloromethane
extracts were concentrated before chromatographic analysis, a procedure which Roohi and Cooper (2015)
found to result in poor procedural recoveries due to the volatility of benfluralin.

-

It is not possible to assess the repeatability and sensitivity of the analytical method, as duplicate samples
were mixed together before extraction and no limit of detection (LOD) or limit of quantification (LOQ) is
given.

-

Additional minor shortcomings were:
o

Microbial biomass was not measured.

o

Study was not performed under GLP.

o

Minimal information about the history of the test soils was provided, e.g. coordinates, sampling
dates, climate and weather conditions, previous pesticide usage, possible storage conditions
between soil sampling and the experiment.
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Reference:

Knowles, S. (2010b) FOCUS Kinetics Analysis To Derive A Laboratory DT50 For
Benfluralin From Aerobic Soil Degradation Studies. Accession Number 2007395

Report No.:

Dow AgroSciences, Accession Number 2007395

Guideline:

FOCUS (2006), Guidance Document on Estimating Persistence and Degradation
Kinetics from Environmental Fate Studies on Pesticides in EU Registration, Report
of the FOCUS Work Group on Degradation Kinetics, EC Document Reference
Sanco/10058/2005 version 2.0

GLP:

No

Guideline deviations:

None stated

Acceptability:

Not acceptable

Previous evaluation:

Addendum Confirmatory data (August 2011, update November 2011)

Comments (RMS)

This study contains a kinetic evaluation of the two benfluralin aerobic soil
degradation studies by Graper (1990a) and Berard (1985). Since these studies are no
longer considered acceptable and the recommendations regarding kinetic assessment
procedures have been updated, the results presented in Knowles 2010b are
disregarded and not presented here.

Reference:

1. Roohi, A., Cooper, J. (2015) [14C]-Benfluralin: Route and rate of aerobic
degradation in four soils at 20°C
2. Roohi, A., (2016) [14C]-Benfluralin: Analysis of two sample extracts from study
YR/14/011 “Route and rate of degradation in four soils under aerobic conditions at
20°C”

Report No.:

1. Dow AgroSciences, Report No. 140848
2. Dow AgroSciences, Report No. 140848A

Guideline:

OECD TG No 307

GLP:

Yes

Guideline deviations:

None stated

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal

Material and methods:
Test material:

[Phenyl-U-14C]-benfluralin (N-Butyl-N-ethyl-α,α,α- trifluoro-2,6-dinitro-p-[phenylU-14C]-toluidine)

Lot/Batch No:

INV306698, specific activity of 2.99 MBq/mg

Purity:

Radiochemical purity: 98.7 %. Purity unlabelled benfluralin (reference): 99.9 %.

Test concentration:

0.67 mg/kg soil (dry weight), corresponding to 1500 g a.s./ha when assuming an
equal distribution in the upper 15 cm soil layer and a soil bulk density of 1.5 g/cm3
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Reference substances:

Benfluralin (N-Butyl-N-ethyl-α,α,α- trifluoro-2,6-dinitro-p-toluidine), CAS number
1861-40-1, Batch no. TSN 100015.
B12 (2,6-Dinitro-4-(trifluoromethyl)phenol), CAS number 393-77-1, Batch no.
BTB05320.

Test conditions:

Aerobic conditions at 20 ± 2°C in the dark. A moisture content corresponding to
pF2 was maintained by adjusting the moisture content to historical pF2 values for
each soil type.

Sampling time points:

Duplicate samples were taken at day 0, 3, 7, 14, 21, 29, 70 and 120.

Method of analysis:

Liquid scintillation counting (LSC).
High performance liquid chromatography (HPLC).
Thin Layer Chromatography (TLC) of extracts from the tubings at the study end.
Liquid chromatography- mass spectrometry (LC-MS) of selected soil extracts.

Sensitivity of analysis:

LSC: limit of quantification (LOQ) of 0.072 ng.
LOQ of 4 % AR.

Test

system

conditions:

and

Four soils were collected from within the United Kingdom and Germany and
handled according to the International Standards Organisation Standard ISO/DISS
10381-6 Part 6. The soils were freshly sampled from the top 20-30 cm layer and
had not been treated with pesticides. The Kenslow and Hareby soils were sampled 1
and 2 months before the experiment, respectively, and were stored 20 cm deep in an
outdoor soil nursery under a cover of pesticide free turfs. Soil characteristics are
presented in Table 8.1.1.1-6.
The moist soils were dispensed (100 g oven-dried equivalent) into the glass
sample flasks and the water content of the soil was adjusted at a selected moisture
content between the water holding capacity at 0.1 bar (pF 2.0) and 0.33 bar (pF 2.5)
by addition of deionised water. The samples were allowed to acclimatise under the
study conditions for 6 days prior to treatment.
Separate soil samples (100 g dw) were each treated with the [ 14C]-treatment
solution (125 µL) in acetonitrile/water (1:1) using a positive displacement
Microman pipette by adding the solution dropwise onto the soil surface and
ensuring even distribution. The soil samples were treated at a concentration of 0.66
mg/kg dry soil, which is equivalent to an application rate of 1500 g a.s./ha in a soil
depth of 15 cm (i.e. soil incorporated). No mixing of the soils after surface
application was performed.
All sample and biomass flasks were incubated throughout the study at 20 ± 2°C
in the dark. Aerobic conditions were maintained by constant passage of moist air
through the sample flasks and out through the trapping solutions. The trapping
solutions consisting of three calibrated 50 mL tubes, the first with ethanolamine
followed by two tubes with 2 M KOH, were connected in series to the incubation
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flasks. At selected times during the course of the study the sample flasks were
removed from the system and weighed, and any loss in weight was compensated for
by the addition of deionised water in order to maintain the flasks at the target soil
moisture content of ca pF 2.
Extraction procedure:

The initial extraction of all soil samples was conducted the same day that they were
collected. At each sampling interval, three ambient solvent extractions were
employed using acetonitrile/water (99:1 v/v) and vigorous shaking on a flat-bed
shaker for 20 minutes and centrifugation at 2500 rpm for 10 minutes. The soil
samples from day 29 were additionally extracted 3 times in a similar manner using

Analysis of

harsher conditions with acetonitrile/0.1 M HCl (90:10 v/v).

unextractable residues:

Samples of post extraction residues from days 70 and 120 were further extracted
three times with tetrahydrofuran (THF) and toluene and analysed by liquid
scintillation counting (LSC).

Analysis of volatiles:

At the study end, the plastic tubings were dissolved in THF and the extracts were
analysed by LSC.

Analysis of soil extracts:

Sample extracts were analysed directly by high performance liquid chromatography
(HPLC). Selected samples were also analysed by liquid chromatography- mass
spectrometry (LC-MS) to confirm the identification of benfluralin and major
metabolite in the extracts.
The residual radioactivity was quantified by combustion of the wet residues of
five replicate aliquots of ca 0.2 g (due to potential volatility of the test item the
extracted soil samples were not first air-dried). Unextractable radioactivity
remaining in the soil from day 21 and day 70 was further characterised by
fractionation of the soil organic matter.
At each sampling interval the radioactivity in the trap solutions associated with
each sample was quantified by LSC. For the final time point the tubing connecting
the sample flask to the volatile traps was extracted with THF to determine whether
any of the volatile residues were adsorbed to this; the extract was analysed by LSC
and Thin Layer Chromatography (TLC).

Supplementary
(Roohi 2016):

study

The two Hareby soil sample extracts from day 120 (BY315 and BY316) in which
metabolite B12 was found in amounts of 6.6 % AR and 7.0 % AR, respectively,
(mean: 6.8 % AR) were concentrated and analysed by three different HPLC
methods:
-

Method 1: Same HPLC procedure as in Roohi and Cooper (2015)

In attempts to improve the peak shape and resolution in the region where the 2,6dinitro-4-(trifluoromethyl)phenol (B12) eluted, alternative mobile phases or
different column types were investigated:
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-

Method 2: Modified elution solvent (A: water + 1 % Formic Acid, and B:
Methanol) and gradient

-

Method 3: Alternative column types (stationary phases)

The two sample extracts from the Hareby soil after 120 days were stored at < -20°C
after the original extraction and analysis. These raw extracts were first analysed by
the same analytical method as used in the original study in order to confirm stability
over the period of storage.

Kinetic analysis:

DT50 and DT90 values for the degradation were determined using the numerical
software package CAKE version 2.0 from the optimized kinetic parameters for the
best-fit kinetic model. All data points were weighted equally. For optimal goodness
of fit, the initial value was allowed to be estimated by the model. Best-fit kinetics
(SFO, FOMC or DFOP) were determined for benfluralin in each soil. The goodness
of fit of the estimated to the measured data was assessed by visual inspection and
on the basis of a scaled error, based on a chi-square (χ2) test. The significance of the
estimated parameters was also confirmed by a single-sided t-test. The differential
equations were integrated by a Runge-Kutta method, and the Levenberg- Marquardt
algorithm was used for the non-linear parameter optimisation.

Table 8.1.1.1-6.: Soil characteristics.

Soil Reference
Textural
classification
(USDA)
Sand % (50-2000
µm)
Silt % (2-50
µm)
Clay % (< 2 µm)
pH
Water
1N
KCl
0.01M CaCl2
Organic Carbon %
Cation Exchange Capacity (meq/100g)
Maximum water holding capacity (%)
pF 2.0 – WHC 0.1 bar *
pF 2.5 – WHC 0.33 bar *
Moisture during the incubation (%)
Microbial Biomass (µg C/g soil)
initial
final

Kenslow
Clipstone
(UK)
(UK)
Sandy Loam Sand
54
94
29
1
17
5
5.6
5.9
5.0
5.1
5.3
5.3
4.04
1.22
11.1
6.0
89.8
43.8
40.9
9.4
33.5
9.4
34.6
12.2
516.6
598.5

*pF should be considered as a worst case (ca same value as pF 2.5)

81.0
97.9

Hareby
(UK)
Clay
42
15
43
8.0
7.5
7.7
1.46
11.6
55.4
25.6
23.5
28.2
369.9
345.7

Lufa Speyer 2.3
(DE)
Sandy Loam
68
21
11
6.1
5.3
5.6
0.68
6.4
37.5
20.5
20.4
21.4
110.0
86.8
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Results from Roohi and Cooper (2015)
Recoveries and distribution of metabolites for each soil type are presented in Tables 8.1.1.1-7 to 8.1.1.1-10.

The recoveries of applied radioactivity for each soil ranged from 95.1% to 99.7% AR. Recoveries for individual
flasks fell within the range 90 % to 110 %, except for the recoveries in the range between 86.3 % and 89.8 % AR
for five flasks of the Lufa Speyer 2.3 soil. The Lufa Speyer 2.3 soil had the lowest organic carbon content. The
lower recovery for this soil could therefore be explained by volatilization of benfluralin, as the level of benfluralin
found in the tubings at the study end led to an improved recovery of > 97%.

Levels of volatile radioactivity were relatively low in all soils, reaching by the end of the study maxima of 11.8%,
11.3%, 14.1% and 12.3 % AR for the Kenslow, Clipstone, Hareby and Lufa Speyer 2.3, respectively. The volatile
benfluralin was mainly identified as bound to the connecting Nalgene tubing from the test vessel to the volatile
trap and accounted for 1.1 %, 7.7 %, 0.8 % and 8.9 % AR, respectively. CO 2 reached maxima of 10.7 %, 3.7 %,
13.3 % and 3.4 % AR, respectively.

No significant radioactivity (< 5 % AR) was found from the further extraction using acidified solvent of soils from
day 29 (> 10% unextractable residues), and therefore no further samples were analysed using the acidified
extraction procedure. Results from the THF and toluene extracts from days 70 and 120 showed that the level of
radioactivity released by the THF solvent was < 5 % AR for all the samples and was negligible for the toluene
extracts. Unextractable radioactivity increased during the study and achieved maximum levels at the end of the
study of 32% AR for the Kenslow sandy loam, 23 % AR for the Clipstone sand, 53.9 % AR for the Hareby clay
and 33.1 % AR for the Lufa Speyer 2.3 sandy loam. Further characterisation of the non-extractable residues
(NER) into humic acid, fulvic acid and humin fractions by organic matter fractionation of the extracted soil
samples are presented in Table 8.1.1.1-11.

Benfluralin disappeared to differing extents, in all soils tested declining from 96.7% to 99.2% AR at time zero to
19.6 % to 62.5 % AR at the end of the study.

No metabolites were detected at > 5% AR for any soil extracts with the exception of a single metabolite reaching a
maximum of 6.58 % AR and 6.98 % AR (mean: 6.8 % AR) after 120 days in the Hareby clay soil (samples
BY315 and BY316). This metabolite was identified by HPLC and LC-MS to be 2,6-dinitro-4(trifluoromethyl)phenol (B12). It was thought possible that this metabolite may have been co-eluting with other
metabolites present in the extract which were not resolved by the HPLC system used. The two sample extracts
were analysed without prior concentration in the original study, leading to chromatography of low signal-to-noise
ratio. The samples were not concentrated in the original study because attempted concentration led to poor
procedural recoveries due to the volatility of benfluralin. Re-analysis of the level of B12 in BY315 and BY316
was performed in a supplementary study (Roohi 2016). Roohi 2016 also included the original figures of the HPLC
method 1 used in Roohi and Cooper (2015) for samples BY315 and BY316. These are presented in figures
8.1.1.1-1 and -2, showing that only two fractions were integrated (benfluralin and B12).
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Table 8.1.1.1-7: Recovery of radioactivity in % AR and distribution of metabolites after application of
[ring-14C]-benfluralin to the Kenslow sandy loam soil.

RMS: NO
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Table 8.1.1.1-8: Recovery of radioactivity in % AR and distribution of metabolites after application of [ring
14
C]-benfluralin to the Clipstone sand soil.
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Table 8.1.1.1-9: Recovery of radioactivity in % AR and distribution of metabolites after application of
[ring-14C]-benfluralin to the Hareby clay soil.

RMS: NO
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Table 8.1.1.1-10: Recovery of radioactivity in % AR and distribution of metabolites after application of
[ring-14C]-benfluralin to Lufa 2.3 sandy loam soil.

Table 8.1.1.1-11: Characterisation of non-extractable residues by organic matter fractionation.

RMS: NO
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Figure 8.1.1.1-1: Method 1 HPLC chromatogram of the unconcentrated soil extract from the Hareby clay
(120 days), sample BY315, in the Roohi and Cooper (2015) study (presented in Roohi, 2016).

Figure 8.1.1.1-2: Method 1 HPLC chromatogram of the unconcentrated soil extract from the Hareby clay
(120 days), sample BY316, in the Roohi and Cooper (2015) study (presented in Roohi, 2016).

RMS: NO
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Results from Roohi (2016)
The analysis of B12 in the concentrated soil extracts from the 120 days Hareby soil (BY315 and BY316) suggests
that the quantification of B12 was overestimated in the main study due to a combination of low signal-to-noise
ratio in non-concentrated samples and co-elution with other minor components. In the re-analysis of the
unconcentrated samples, B12 was found at levels of 9.52 % AR and 3.90 % AR (mean: 6.71 % AR). Results from
the three HPLC methods of the concentrated extracts are presented below.
Method 1) B12 was found at levels of 5.42 % in BY315 and 5.45 % in BY316 (mean: 5.44 % AR).
Several other minor fractions were detected (most of which representing < 1 % AR, maximum 2.3 % AR), due to
the lower LOQ for individual components with the increased concentration. The B12 peak was observed not to be
entirely symmetrical (see Figure 8.1.1.1-3), potentially suggesting that there may be co-elution of other
components.
Method 2) A better separation of minor fractions which eluted with the B12 was found using method 2
(see Figure 8.1.1.1-4). B12 was found at levels of 4.84 % in BY315 and 4.88 % in BY316 (mean: 4.86 % AR).
Method 3) Similar results as those obtained with method 2 were found, with values of 4.92 % in BY315
and 5.06 % in BY316 (mean: 4.99 % AR). Chromatograms of the B12 peak are presented in Figure 8.1.1.1-5.

Figure 8.1.1.1-3: Method 1 HPLC chromatograms of two soil extracts (BY315: left figure; BY316: right
figure) from the Hareby clay (120 days).

RMS: NO
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Figure 8.1.1.1-4: Method 2 HPLC chromatograms of two soil extracts (BY315: left figure; BY316: right
figure) from the Hareby clay (120 days).

Figure 8.1.1.1-5: Method 3 HPLC chromatograms of two soil extracts (BY315: left figure; BY316: right
figure) from the Hareby clay (120 days).

RMS: NO
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Results from kinetic analysis (Roohi and Cooper 2015)
A summary of the kinetic analysis of laboratory aerobic DT50 values for benfluralin is presented in Table 8.1.1.112. Kinetic plots (measured and predicted, and residual plots) obtained by the SFO, FOMC and (for Kenslow and
Speyer 2.3) DFOP models are presented in Figure 8.1.1.1-4 to Figure 8.1.1.1-7.

For the Kenslow and Lufa Speyer 2.3 soils, FOMC showed improvement over SFO and double first order in
parallel (DFOP) was therefore evaluated and was found to give the best fit to the experimental data. For the
Clipstone and Hareby soils, the SFO model was found to give the best fit. For all soils, acceptable statistics could
only be obtained with the SFO model, resulting in DT 50 values in the range of 54.4 to 198 days.

Table 8.1.1.1-12: Summary of laboratory aerobic DT50 values for benfluralin (Roohi, 2015).
Soil

Model

M0
(%)

Parameter

Value



Prob.
>t

²

Lower
(95%)
CI

Upper
(95%)
CI

DT50/
DT90
(days)

Acceptable

SFO

94.8

k_Par
ent

0.005
8

5.2E
-4

1.13E8

3.6

0.005**

0.007**

119 / 395

Yes, for modelling and
persistence

alpha

0.459

-

133 / 5660

98.9

beta

37.83

0.13
18.2
7
0.01
8
0.00
7
0.51
1

0.1788

FOMC

-1.653

-

0.1362

-

-

174 / -

-

-

-

No, conf. Int. contains 0

-0.5996

-

3.26
E-4

1.88E8

0.003**

0.004**

198 / 675

Yes, for modelling and
persistence

-601.2

-

200 / 707

0.012**

0.014**

54.4 / 181

-

-

54.4 / 181

nd

nd

0.005**

0.008**

110 / 367

-0.0684

-

116 / 2690

-38.74

-

-

-

109 / 418

-

-

133*

-0.03163

-

Kenslow
DFOP

98.7

SFO

96.4

FOMC

96.5

Clipstone

k1_Pa
rent
k2_Pa
rent
g_Par
ent

98.6

FOMC

98.6

SFO

FOMC

94.4

alpha

13.29

k_Par
ent

DFOP

99.4

3.7E+
3
0.012
7
1.6E+
4

284.
4
8.1E
+4
5.37
E-4
nd

0.5

N/A
5.2E13

k_Par
ent

0.006
3

6.7E
-4

1.0E-7

alpha

0.573
6

0.29
72
40.8
6
0.16
0

0.124

k2_Pa
rent

0.005

No, conf. Int. contains 0

1.715E+5

2.0
N/A

k1_Pa
rent

1.9

N/A

nd

49.52

2.0

2.1

1.2E+
6

beta

1.4

N/A

beta

97.9

Speyer
2.3

0.51
0.003
5

alpha

Hareby

3E-10

k_Par
ent

beta
SFO

0.020

1.7

0.00
1

3.4

N/A
2.5
N/A
0.23
2.1E-4

2.2

g_Par
0.116
0.06
N/A
ent
8
nd. Errors and T-test values could not be calculated
N/A not applicable
* slow phase / - not reported
** re-calculated values (applicant) not presented in the original study report

No, conf. Int. contains 0
No better fit was
obtained and no DFOP
was calculated
Yes, for modelling and
persistence
No, T-test values could
not be calculated
No better fit was
obtained and no DFOP
was calculated
Yes, for modelling and
persistence
No, conf. Int. contains 0

No, conf. Int. contains 0
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Figure 8.1.1.1-4: Kinetic plots (measured and predicted, and residual plots) of benfluralin in the Kenslow
soil obtained by SFO (upper figures), FOMC (middle figures) and DFOP (lower figures) modelling.

RMS: NO
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Figure 8.1.1.1-5: Kinetic plots (measured and predicted, and residual plots) of benfluralin in the Clipstone
soil obtained by SFO (upper figures) and FOMC (lower figures) modelling.

RMS: NO
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Figure 8.1.1.1-6: Kinetic plots (measured and predicted, and residual plots) of benfluralin in the Hareby soil
obtained by SFO (upper figures) and FOMC (lower figures) modelling.
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Figure 8.1.1.1-7: Kinetic plots (measured and predicted, and residual plots) of benfluralin in the Speyer 2.3
soil obtained by SFO (upper figures), FOMC (middle figures) and DFOP (lower figures) modelling.

Study conclusions
Benfluralin was degraded with calculated DT 50 values ranging from 54.4 to 198 days. Amounts of 1.6% to 10.7%
AR depending on the soil type were lost from the test system as benfluralin due to its volatility. No single
metabolite was present at >5% AR at any time point in any soil with the exception of a single metabolite reaching
a maximum of 6.8% in the last time point in the Hareby clay soil due to the low LOQ of the direct method and
was confirmed to be below 5% AR, after concentration of the samples. This metabolite was identified as 2,6-
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dinitro-4-(trifluoromethyl)phenol (B12). The main pathway of degradation of benfluralin is the formation of
bound residues and mineralisation to CO2. The non-extractable radioactivity reached maximum levels ranging
from 23% (sand soil) to 53.9% (clay soil) AR. CO2 reached maxima ranging from 3.4% (sandy loam soil) to
13.3% (clay soil). Overall, benfluralin degraded to CO 2 and un-extractable soil-bound residues. Benfluralin
volatilized from the soil surface to different extent depending on the soil type used. The rate of degradation of
benfluralin was well described by SFO kinetics. The DT 50 values for benfluralin were in the range 54.4 to 198
days at 20C and pF2.

RMS comments and conclusions
One major deviation from the OECD guideline 307 (2002) was found. Benfluralin was not incorporated into the
soil after its application to the soil surface. The guideline recommends mixing the test substance with soil. It
should also be noted that the application onto the soil was not in line with the GAP of the formulated product,
which specifies that the chemical product should be incorporated into the upper 5-10 cm of the soil after
application. The lack of incorporation may have impacted the results, causing more losses through volatilization,
as well as making benfluralin less accessible for microbial degradation. During the expert discussion of the P
criteria in soil (please refer to Vol. 1, Level 2, subsection 2.8.1), the experts were of the opinion that despite not
performing mixing of the soil, which can be viewed as an important recommendation in the OECD guideline, this
study can be considered for fulfilling the data requirements, especially as four reliable field studies are available.

Some of the soils chosen in this study have properties with minor deviations from the recommendations given in
the OECD guideline 307 (2002):
-

The microbial mass of the Clipstone soil at the beginning of the study represented 0.66 % of the total
amount of OC, which is slightly below the recommendation of at least 1 % of the total amount of OC. At
the end of the study the microbial biomass was still below 1% of OC (0.80%). The low microbial
biomass may be due to the high percentage of sand (94 %) in this soil.

-

The Kenslow and Hareby soils were stored 20 cm deep in an outdoor soil nursery under a cover of
pesticide free turfs for 1 and 2 months, respectively.

-

There is no information regarding the air flow rates in the system.

-

For the Lufa Speyer 2.3 soil, total recoveries were below 90% in five of the test flasks (1 at 14 d, both
replicates at 29 d and both replicates at 70 d, recoveries ranging from 86.3 – 88.0% AR). This was by the
applicant attributed to the volatility of benfluralin and the low content of OC (0.68%) in this soil, which
could possibly have led to more volatilization of benfluralin relative to the other soils. For the final 120 d
sample the tubings of the system were also analyzed, leading to improved recoveries well above 90%
AR. The RMS considers that the explanation by the applicant is likely and will therefore use all
datapoints from this soil in the evaluation of the degradation of benfluralin, despite recoveries that are
outside the recommended range for radiolabeled substances of the Guideline OECD 307.

Other deviations from the guideline are:

RMS: NO
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-

The study should have taken into account the recommended depth of soil incorporation of 5-10 cm when
calculating the application rate. Consequently, the application rate is lower than the proposed rate of 1440
g/ha, since an applied rate of 0.67 mg/kg over 5-10 cm corresponds to 502 -1005 g a.s./ha.

Regarding the analysis of metabolite B12 in the Hareby soil extracts after 120 days, the RMS can agree that the
B12 levels detected in the un-concentrated extracts were probably overestimated due to a co-elution of metabolite
B12 with other metabolites present in the extract, which were not resolved by the HPLC system used. The three
methods employed on the concentrated samples suggest that there may have been a problem with co-elution and
that there was a low signal-to-noise ratio in the un-concentrated samples. Method 1 had a high signal-to-noise ratio
and poor separation, method 2 had an adequate signal-to-noise ratio and insufficient separation for unambiguously
determining the area representing B12. Method 3 had the highest specificity of the methods employed, with a
good signal-to-noise ratio and good separation. In the opinion of the RMS, the conclusion on the level of B12 in
the original study should be based on analytical method 3, which shows a level marginally below 5 % AR in the
study by Roohi (2016). Ideally, in order to obtain results with a satisfactory degree of certainty, the amount of
samples and runs for each replicate should have been a minimum of 5 and 3, respectively (SANCO/3029/99
rev.4). During the peer review process, it was concluded that the applicant has demonstrated that B12 will not
exceed 5% AR of the active substance.

The RMS has checked the kinetic calculations for benfluralin using CAKE software and got similar results as
those reported in the study. For all soils, SFO provided a satisfactory fit (good visual fits, χ2 values well below 15
(ranging from 1.9 to 3.6), t-tests < 0.05). The applicant also performed FOMC for all soils, but this did not
improve the fit for the Clipstone and Hareby soils (visual fit and χ2 value). For the Kenslow and Speyer 2.3 soils,
the fit improved when judging from the visual fit and χ2 values. However, for the Kenslow soil the confidence
interval for parameter beta included 0 and for the Speyer 2.3 soil both the confidence intervals for alfa and beta
contained 0. Further modelling with DFOP kinetics also lead to a better fit with regards to visual fit and χ2 values
for both soils, but confidence intervals included 0 for parameter g in both soils, and the t-test was > 0.05 for the k1
and k2 parameter in the Kenslow soil and the k1 parameter in the Speyer 2.3 soil.

The RMS concludes that SFO kinetics should be considered both as the best fit kinetics (trigger endpoints) and for
modelling endpoints for the active substance for all soils.
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Kercher, S. (2018) Aerobic transformation of 14C-labelled Benfluralin in two soils

Reference:

under laboratory conditions
Report No.:

RLP AgroScience GmbH, Report Study No. AS542

Guideline:

OECD TG No 307

GLP:

Yes

Guideline deviations:

None stated

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal and in relation to the discussion regarding the
significance of the benfluralin metabolite B12.

Material and methods:
14

C-Benfluralin: Benefin-Ph-UL-14C (N-Butyl-N-ethyl-2,6-dinitro-4-

Test material:

trifluoromethylaniline-Ph-UL-14C)
Lot/Batch No:

INV306698, Lot no. YL0-139682-88, specific activity of 27.1 mCi/mmol

Purity:

Radiochemical purity: 98.7 %. Purity unlabelled benfluralin (reference): 99.9 %.

Test concentration:

Target concentration: 0.67 mg/kg soil (dry weight), corresponding to 1500 g a.s./ha
when assuming an equal distribution in the upper 15 cm soil layer and a soil bulk
density of 1.5 g/cm3. Actual test concentration was measured to be 0.651 mg/kg.

Reference substances:

-

Benfluralin (N-Butyl-N-ethyl-2,6-dinitro—4-(trifluoromethyl)benzenamine),
Test substance number TSN 100015, Lot no. 251-198-OD-118.

-

B12 (4-Hydroxy-3,5-dibenzotrifluoride), CAS number 393-77-1, Lot no.
E0117.

Test conditions:

4-Amino-3,5-dinitrobenzotrifluoride, CAS number 445-66-9

Aerobic conditions at 20 ± 2°C in the dark. A moisture content corresponding to
about pF 2.0-2.5 was maintained by adjusting the moisture content to pF2 values
for previous batches of the same soil types.

Sampling time points:

Duplicate samples were taken at day 0, 7, 14, 28, 62, 83 and 120.

Method of analysis:

Liquid scintillation counting (LSC).
High performance liquid chromatography (HPLC).
Thin Layer Chromatography (TLC).

Sensitivity of analysis:

LSC: limit of detection (LOD): 40 dpm (2*background radioactivity), LOQ: 60
dpm (3*background radioactivity)
HPLC: LOD: 0.1 % AR LOQ: 0.2 % AR (2*LOD)

Test

system

conditions:

and

Two soils (soil I – Speyer Lufa 2.3 and soil II – Hareby) were freshly sampled from
the field site at the top 20 cm layer. The field had not been treated with pesticides
during the five last years before sampling. The Hareby soil (soil II) was stored 20
cm deep in an outdoor soil nursery under a cover of pesticide free turfs for almost 6
months before re-sampling. The storage and pre-incubation time for soil I were 40
days and for soil II 29 days. Soil characteristics are presented in Table 8.1.1.1-13.
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The moist soils (100 g oven-dried equivalent) were transferred into glass sample
flasks at a soil humidity allowing the soil to be easily mixed during the application,
but not too dry to affect the microbial activity. The samples were allowed to
acclimatise under study conditions for 3 days prior to treatment.
Separate soil samples (100 g dw) were each treated with the [ 14C]-treatment
solution (1070 µL) in acetone/water (1:1) by adding the solution dropwise onto the
soil surface and ensuring even distribution by mixing the soil regularly. After
complete application, the soils were further carefully mixed by gently shaking the
flasks and avoiding formation of soil clumps to allow evaporation of the organic
solvent. Afterwards the soil moisture was set to pF 2 (soil I) and pF 2.5 (soil II)
corresponding to 20.4 g (soil I) and 23.5 g (soil II) water per 100g soil (dry weight).
The soil samples were treated at the concentration of 0.67 mg/kg dry soil. The
treatment rate is equivalent to an application rate of ca 1500 kg a.s./ha in a soil
depth of 15 cm (i.e. soil incorporated).
All sample and biomass flasks were incubated throughout the study at 20.3 ±
0.6°C in the dark. The test flasks (exception day 0) were connected with trap
attachments filled with soda lime and paraffin wetted quartz wool for absorption of
14

CO2 and volatile compounds, respectively. Fresh air was purged through the

vessels before adjusting the moisture. The incubation vessels were first mixed and
reweighed at later processing dates for control of the soil moisture. The moisture
was adjusted to the initial value by adding water biweekly. At each sampling
interval, the whole content of the vessel was processed. Prior to opening, i.e. for
determination of soil moisture or processing of soil, the test vessels were gently
shaken and purged by air in order to remove possible volatiles.
Extraction procedure and

After 0, 7, 14, 28, 62, 83 and 120 days of incubation, duplicate samples were taken

analysis of soil extracts:

for analysis. The entire soil was extracted with 125 mL acetonitrile/water (99/1;
v/v). The flasks were shaken for 30 minutes on a shaker and centrifuged for 5
minutes at 2500 rpm. Afterwards, the supernatant was removed, the mass recorded
and two aliquots were taken to determine the total radioactive residue by LSC. The
extraction procedure was repeated twice with an additional 125 mL of
acetonitrile/water (99/1; v/v) and all three extracts were combined. After
determination of the radioactivity, an aliquot of 100 mL was gently concentrated
(never to dryness) on a rotary evaporator and the recovered radioactivity was remeasured. After concentration, the residue was dissolved in acetonitrile/water (1/1;
v/v) using ultrasonification and transferred into a volumetric cylinder. The mass of
the clear supernatant was recorded and two 100 μL aliquots were measured by LSC.
Thereafter, the supernatants were analysed by HPLC. To confirm the results of
HPLC, TLC was conducted for day 120 interval. Additional harsh extraction for the
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day 62 interval were conducted with acetonitrile/water + 0.1% HCl (1/1; v/v). After
neutralization with 1 M KOH, the samples were centrifuged for 5 minutes at 2500
rpm. The precipitate and supernatant were separated. The radioactivity in the
precipitate (whole portion) was determined by combustion and in the supernatant
by LSC (two 1 mL aliquots).
The total amount of radioactivity that was measured during the application
procedure was defined as 100%. All calculations of material balance are based on
Analysis of

this 100% value.

unextractable residues:

Non-extracted portions of radioactivity were determined by combustion of aliquots
(~0.05-0.5 g) of the extracted soil after homogenization.

Analysis of volatiles:

At the sampling time, the paraffin wetted glass wool of each trap was extracted with
acetone and measured by LSC. The

14

CO2 bound to the soda lime was liberated

with hydrochloric acid and trapped in an appropriate scintillator cocktail and
measured by LSC.
Kinetic analysis:

DT50 and DT90 values for the degradation were determined using the numerical
software package CAKE version 3.2 from the optimized kinetic parameters for the
best-fit kinetic model. The calculations were carried out using single first order
(SFO) and first order multiple-compartment (FOMC). As FOMC did not improve
the fit, no DFOP was calculated. The goodness of fit of the estimated to the
measured data was assessed by visual inspection and on the basis of a scaled error,
based on a chi-square (χ2) test.

Table 8.1.1.1-13.: Soil characteristics.

Soil Reference
Textural
classification
(USDA)
Sand % (50-2000
µm)
Silt % (2-50
µm)
Clay % (< 2 µm)
pH
0.01M CaCl2
Organic Carbon %
Cation Exchange Capacity (meq/100g)
Maximum water holding capacity (%)
pF 2.0 – WHC 0.1 bar
pF 2.5 – WHC 0.33 bar
Moisture during the incubation (%)
Microbial Biomass (µg C/g soil)
Initial
End of study (day 120) – untreated
End of study (day 120) – treated with
test item + solvent
End of study (day 120) – treated with
solvent

Lufa Speyer 2.3
(DE) – Soil I
Sandy Loam
58.9±0.4
33.6±0.5
7.5±0.4
5.84±0.6
0.68±0.04
7.5±0.8
35.4±1.0
19.0
12.8
20.4

J3 Hareby
(UK) – Soil II
Loam
41.7
43.3
14.9
7.64
2.71
14.6
29.1
24.4
23.5

168.9 / 135.9
86.9 / 86.9
103.5 / 120.2

758.3 / 824
565.8 / 483.2
665.1 / 681.5

103.6 / 103.7

714.5 / 697.9
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Results and conclusions
Recoveries and distribution of metabolites for each of the soils can be found in tables 8.1.1.1-14 to 8.1.1.1-17.

The microbial biomass was determined at the start and the end of the incubation period (with and without test item
and solvent). The results showed that the microbial biomass was higher than 1% of the total soil organic carbon in
both soils for the duration of the study in all treatment groups, even though microbial activity was almost halved in
the untreated samples.

Material balance was based on the sum of soil extracts, bound residues and trapped volatiles and ranged from
90.1% to 98.2% of the applied radioactivity (AR) in individual samples. The total mean recovery in percent of the
applied radioactivity (% AR) was 94.5 ± 2.9% AR for soil I and 94.8 ± 2.5% AR for soil II. It was observed that
the slow decrease in the mass balance mainly was due to the high amount of bound residues, which results in
slightly lower combustion efficiency.

The extractable radioactivity decreased from 95.6% (soil I) and 94.9% (soil II) after the start of the incubation to
27.0% (soil I) and 18.3% AR (soil II) after 120 of incubation. Additional harsh extractions with acetonitrile/water
+ 0.1% HCl (1/1; v/v) on day 62 released up to 11.0% AR (soil I) and 4.4% (soil II). For soil I, the extracted
amounts were mainly due to dissolved bound residues. After neutralisation of these extracts, the major part of
radioactivity (on average 92.3%) was precipitated and could be confirmed by combustion of the precipitate. No
significant residues remained in the liquid phase for further analytics. Therefore, the radioactivity released by the
harsh extraction of soil I seems to be bound to water dissolved organic matter. For soil II the radioactivity did not
precipitate after neutralisation, so the extracts were analysed by HPLC. Additionally to benfluralin, one unretained minor unknown fraction which did not exceed 3% AR was detected. Metabolite B12 was not detected in
the harsh extract.
Mineralisation of 14C-Benfluralin reached maximum of 8.1% (mean) AR for soil I and 17.2% (mean) AR for soil
II by the end of the incubation. Organic volatiles were low and reached a maximum of 2.4% (mean) AR for soil I
and 0.7% (mean) AR for soil II. Thus, no significant volatilization of the parent compound or its metabolites was
observed.

The non-extractable radioactivity steadily increased from initial levels of 1.6% (mean, soil I) and 2.6% (mean, soil
II) AR at the start of the incubation to maximum amounts of 55.7% (mean, soil I) and 56.8% (mean, soil II) AR
after 120 days of incubation.

The extracts were first concentrated before analysis using rotary evaporation and results from the analysis of the
recovery after evaporation are presented in tables 8.1.1.1-18 and -19. The recovery after concentration was 92.7 –
101.3% of initial (mean of replicates). One extract from soil I had a recovery below 90% (87 %, day 83, sample
b). The concentrated extracts were analysed by HPLC and TLC.
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Benfluralin is moderately persistent in both soils and represented 14.9% (mean, soil I) and 6.9% (mean, soil II)
AR after 120 days of aerobic incubation. Numerous minor fractions were detected but none exceeded 5% AR. In
soil I the major fractions M1 and M2 were first detected on day 62 and represented a maximum of 4.6% and 3.0%,
respectively. The metabolite B12 was not detected in soil I. In soil II, metabolite B12 was first detected on day 28
and represented 2.2% (mean) AR. B12 reached its maximum on day 62 with 3.0% (mean) AR and thereafter
decreased to 1.6% AR at the end of the incubation. The amount of B12 was confirmed by TLC. M1 and M2
fractions were not significant in soil II (max. 1.6% AR). Each of the other minor unknown radioactive fractions
did not exceed 3% AR. Hence, the degradation of benfluralin in these two soils only resulted in the formation of
minor metabolites, including the metabolite B12.

The results from these two soils show that the main aerobic degradation pathway of benfluralin in soil is the
formation of bound residues and mineralisation to CO2. The results confirm that metabolite B12 is a minor
metabolite of benfluralin in soil.
Table 8.1.1.1-14.: Distribution of radioactivity in soil I (Lufa Speyer 2.3) treated with 14C-Benfluralin.
Values in percent of applied radioactivity.
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Table 8.1.1.1-15.: Distribution of radioactivity in soil II (Hareby) reated with 14C-Benfluralin. Values in
percent of applied radioactivity.
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Table 8.1.1.1-16.: Pattern of metabolites in the extracts of soil I (Lufa Speyer 2.3). Values in percent of
applied radioactivity.

Table 8.1.1.1-17.: Pattern of metabolites in the extracts of soil II (Hareby). Values in percent of applied
radioactivity.
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Table 8.1.1.1-18.: Recovery of combined and concentrated acetonitrile/water 99/1 (v/v) extracts of soil I.
Values in relation to the aliquot used in percent.

Table 8.1.1.1-19.: Recovery of combined and concentrated acetonitrile/water 99/1 (v/v) extracts of soil II.
Values in relation to the aliquot used in percent.

The rate of degradation of benfluralin in soil was calculated according to FOCUS kinetics guidance (2014) using
the software CAKE v. 3.2. The calculations were carried out using single first order (SFO) and first order
multiple-compartment (FOMC). As FOMC did not improve the fit no DFOP was calculated. The calculation by
the applicant that was presented in Kercher (2018) for soil II (Hareby) used values at day 62 (both samples) and
day 120 (one sample) that were not the same as the values originally reported in Kercher, 2018 and therefore the
results from the kinetic fitting that was recalculated by the RMS for soil II are presented here. The results are
summarised in table 8.1.1.1-20, the normalised values in Table 8.1.1.1-21 and kinetic fits in figures 8.1.1.1-8 and 9.
Table 8.1.1.1-20.: Summary of non-normalised laboratory aerobic DT50 values for benfluralin (Kercher,
2018).
Soil

Lufa
Speyer
2.3
(Soil I)
Hareby
(Soil II)*

Model

M0
(%)

Parameter

Value



Prob.
>t

²

Lower
(95%)
CI

Upper
(95%)
CI

DT50/
DT90
(days)

SFO

102.
1

k_Par
ent

0.021
19

0.00
1876

4.73E8

9.1

0.0171

0.025

32.7 / 109

106.
5

alpha

378

nd

N/A

nd

nd

FOMC

nd

nd

0.01877

0.025

SFO

101.
3

9.84
beta

1.47E
+4

nd

N/A

k_Par
ent

0.021
89

0.00
1432

1.57E9

7.05

27 / 89.7

31.7 / 105

Acceptable
Yes, for modelling and
persistence
No, T-test values could
not be calculated
No better fit than SFO
was obtained and no
DFOP was calculated
Yes, for modelling and
persistence

No, T-test values could
not be calculated
7.63
No better fit than SFO
3.75E nd
was obtained and no
beta
N/A
nd
nd
+4
DFOP was calculated
*The kinetic fitting was recalculated by the RMS and presented here, since the calculation by the applicant that was presented in Kercher
(2018) apparently used wrong values at day 62 (both samples) and day 120 (one sample). The RMS used the values for benfluralin that were
reported in Table 6 in Kercher, 2018.
FOMC

107.
5

alpha

1.09E
+3

51.7
9

N/A

971.7

1.20E+3

24 / 79.7

RMS: NO
Co-RMS: NL

- 38 Benfluralin
Annex B.8 (AS): Environmental fate and behaviour

Table 8.1.1.1-21.: Normalisation of modelling DT50 values for benfluralin
Soil

pH

Temperature
Stud (°C) Correction
factor

Moisture during
the study [g/100
g soil]

Moistur
e
correcti
on
factor
1.000

DT50 [days]
Study
Normalised
(20 °C,
pF2)

20.4

Reference
moisture
content at
pF2 [g/100
g soil]
19.0

Soil I
(Lufa
Speyer
2.3)
Soil II
(Hareby)

5.84

20

1.00

32.7

32.7

7.64

20

1.00

23.5

29.1

0.861

31.7

27.3

Figure 8.1.1.1-8: Kinetic plots (measured and predicted, and residual plots) of benfluralin in soil I (Lufa
Speyer 2.3) obtained by SFO (upper figures) and FOMC (lower figures) modelling.
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Figure 8.1.1.1-9: Kinetic plots (measured and predicted, and residual plots) of benfluralin in soil II
(Hareby) obtained by SFO (upper figures) and FOMC (lower figures) modelling.*
*The results from the kinetic fitting that was recalculated by the RMS are presented here, since the calculation by the applicant that was
presented in Kercher (2018) used wrong values at day 62 (both samples) and day 120 (one sample). The RMS used the values for benfluralin
that were reported in Table 6 on p. 34 in Kercher, 2018.

RMS comments and conclusions
In general the study by Kercher (2018) followed the OECD guideline 307 (2002). Some minor deviations from the
recommendations given in the guideline were found and are listed here:
-

The report did not include detailed information on the location and history of the field site for soil I (Lufa
Speyer 2.3). Even though this could be assumed to be the same as for the Lufa 2.3 soil used in Roohi and
Cooper (2015), this was not explicitly stated in the report.

-

Soil II (Hareby) has an OC content that is slightly higher than the highest content that is recommended in
OECD guideline 307.

-

Soil II (Hareby) was stored 20 cm deep in an outdoor soil nursery under a cover of pesticide free turfs for 6
months before final sampling.

-

Microbial biomass was measured at the study start and end, but not during the study.

-

The study should have taken into account the recommended depth of soil incorporation of 5-10 cm when
calculating the application rate. Consequently, the application rate is lower than the proposed rate of 1440
g/ha, since an applied rate of 0.67 mg/kg over 5-10 cm corresponds to 502 -1005 g a.s./ha.
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The RMS notes that benfluralin was incorporated into the soil in this study, as opposed to the other acceptable
aerobic degradation study where benfluralin was not mixed into the soil (Roohi and Cooper, 2015). The RMS
considers that soil incorporation better reflects the proposed GAP, which considers that the formulation should be
incorporated into the upper 5-10 cm after application. The results show that low amounts of radioactivity
volatilized from the soil. This indicates that benfluralin will not volatilize to a great extent if incorporated in soil
directly after application. The mass balances were acceptable and ranged from 90.1 % to 98.2 % AR.

The results support that the benfluralin metabolite B12 should be considered a minor metabolite in soil, as it did
not exceed levels 3.4 % AR in soil II (Hareby). Furthermore, B12 was not detected in soil I (Lufa Speyer 2.3). The
RMS notes that the Hareby soil used in this study (loam) is not identical to the Hareby soil in the study by Roohi
and Cooper, 2015 (clay).

The RMS has checked the kinetic calculations for benfluralin using CAKE software (v. 3.2) and got similar results
as those reported in the study for soil I. The RMS recalculated the kinetic fitting for soil II since the applicant had
used wrong values for 3 samples (two at day 62 and one at day 120). The recalculated SFO and FOMC DT50 and
DT90 values did not differ significantly from the values that were calculated by the applicant, but were
nonetheless reported in place of the calculations by the applicant in the results section of this study evaluation. For
both soils, SFO provided a satisfactory fit (good visual fits, χ2 values below 15 (soil I: 9.1 and soil II: 7.05), t-tests
p < 0.05). FOMC fitting did not result in acceptable statistics for the two soils. The 95% confidence intervals for
the alpha and beta parameter for soil I and beta parameter for soil II could not be calculated and the parameters can
therefore not be considered reliable.
No kinetic calculation for metabolite B12 was provided in this report, as levels did not exceed 5 %AR at two
consecutive time points. However, since the applicant was requested to estimate PECgw for B12, they calculated
the metabolite degradation kinetics in order to obtain a formation fraction in the PECgw report (Mamouni and
Montesano 2018a) that was submitted during the peer review process. The results and evaluation of the kinetic
fitting can be found in Annex B.8 (EF-1533), chapter B8.3.

The RMS concludes that SFO kinetics should be considered both as the best fit kinetics (trigger endpoints) and for
modelling endpoints for the active substance for the two soils in this study.
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B.8.1.1.2 Degradation of the active substance in anaerobic soil
Study CA 7.1.1.2/01 – Knoch and Heim 2003a
Study CA 7.1.2.1.3/02 - Mamouni and Jarvis 2016
Study CA 7.1.1.2/02 – Graper 1990b
1. Knoch and Heim, 2003a, Anaerobic soil degradation of benfluralin according to

Reference:

SETAC, Part 1, 1.2 (March 1995)
2. Mamouni A., Jarvis T. (2016), Determination of rates of decline for benfluralin
and its metabolites, in soil and aquatic system according to the guidance within the
FOCUS Kinetics Guidance Document
Company Report No.:

1. Dow AgroSciences, Report No. IF-101/25797-00
2. Exponent International, Report No. 1507382.UK0 – 1898

Guideline:

1. SETAC 1995
2. FOCUS (2006, 2014)

GLP:

1. Yes
2. No (calculations)

Acceptability:

Acceptable

Previous evaluation:

1. In DAR (2006) / Corrigendum (2007)
2. Submitted for the purpose of renewal

Methodology (Knoch and Heim 2003a)
[Phenyl-U-14C]-benfluralin, (lot no. not specified, specific activity 21.9 mCi/mmol),

Test material:

radiochemical purity = 99%)
Test

system

conditions:

and

The route of anaerobic degradation of [U-phenyl-14C]-benfluralin was investigated in a
single soil in the dark under laboratory conditions at a temperature of 20°C. The test soil
consisted of a sandy silt loam soil (Hofheim) obtained just prior to the start from a
garden/orchard. The soil was sampled down to a depth of 20 cm. The soil was sieved (2
mm) and stored in the dark under aerobic conditions prior to use. The characterisation
details of the soil used are summarised in Table 8.1.1.2-1.
Samples of soil (100 g dry weight) were added to a series of metabolism vessels (1000
mL capacity, i.d 10 cm). The soil was flooded with water to a depth of 2 cm and
maintained under a nitrogen atmosphere in the dark at a temperature of 20°C for 67 days
to reach anaerobic conditions. Inlet of air into the vessels was via a cartridge filled with
soda lime pellets (to remove carbon dioxide) and a water wash bottle to reduce water loss
from the flooded soil. Outlet of air from the vessels was via a series of traps to collect
evolved organic volatile components and carbon dioxide. The soil samples were preequilibrated for a period of 67 days prior to treatment to allow anaerobic conditions to be
established. During the pre-equilibration period the redox potential and pH value of the
soil and water layers and the oxygen content of the water layer were monitored.
The soil samples were treated with

14

C-benfluralin dissolved in acetonitrile (90 µL).
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The treatment rate is equivalent to 3150 g a.s./ha in a soil depth of 10 cm (i.e. soil
incorporated), assuming a soil bulk density of 1.5 g/cm3. The soil samples were then
incubated as described above. The water layer was maintained by addition of oxygen
free water as necessary.
At sampling intervals of 0, 6 hours, 1, 2, 7, 14, 30, 62, 90 and 120 days, duplicate
whole samples were taken for analysis. The water and soil layers were separated by
decanting, quantified by LSC and analysed separately. The soil was extracted several
times with acidified methanol at pH 2 and the extracts combined, diluted with an equal
volume of water and partitioned with dichloromethane. The organic layers of the partition
were combined, dried over anhydrous sodium sulphate and concentrated under vacuum.
Any residual radioactivity greater than 3% AR remaining in the aqueous phase of the
partition was further extracted using freeze drying techniques after concentration. The
water layer was similarly extracted by partitioning with dichloromethane. Concentrated
extracts were analysed chromatographically using reverse phase HPLC and normal phase
TLC. The non-extractables (NER) were determined by combustion of the soils. In
addition, the soil NER was further investigated on selected samples (120 days) using
organic matter fractionation.

Table 8.1.1.2-1: Soil characteristics.
Location
Hofheim
Country of origin
Germany
Particle size distribution (%)
Sand (53-2000 µm)
33
Silt (2-53 µm)
52
Clay (<2 µm)
15
Sand (63-2000 µm)
31
Silt (2-63 µm)
54
Textural classification (USDA/BBA/UK)
silt loam / clayey silt / sandy silt loam
pH (H20) 1:1 soil:water ratio
6.0
pH (1N KCl)
5.3
pH (0.01M CaCl2)
5.6
Organic carbon content (%)
1.9
CEC (mEq/100 g)
12.9
Microbial biomass of soil (mg C/100 g dry soil)
before
24
after
2
Soil moisture content (g/100 g dry soil)
MWHC
48.6
0
bar 53.0
1/3
bar 20.7
1.0 bar
15.3
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Methodology (Mamouni and Jarvis 2016):
Kinetic assessment:

The rates of degradation of the anaerobic study (Knoch and Heim, 2003a) were reevaluated according to the recommendations of the FOCUS Kinetics Group (FOCUS
2006, 2014), using CAKE (computer assisted kinetic evaluation, version 3.2) program.
Kinetics was calculated for the total system using duplicate sample values. Due to the
rapid degradation of benfluralin, the amount of metabolites and bound residues formed
on day 0 intervals was added to the parent and 0 was considered for the metabolites. The
approach used followed that given in Chapter 7 of the FOCUS Kinetics Guidance
Document. The suitability of the fit of the models was evaluated both visually and
statistically by calculating the minimum % error required to pass the chi2 test at a
probability of 0.05 (acceptability criteria chi2 error < 15%).

Results from Knoch and Heim (2003a)
The test system was shown to be under anaerobic conditions during the incubation based on the measured oxygen
and redox parameters. The pH of the water phase of the test system was ca. 8. The recovery and distribution of the
radioactivity (% AR) from the soil samples is summarised in Table 8.1.1.2-2. Overall, the total amount of
radioactivity recovered from the individual anaerobic soil samples ranged from 95.4% to 105.7% AR (mean
99.7% AR) indicating an acceptable mass balance.

The level of radioactivity recovered from the water phase declined rapidly from 55.1% AR after 6 hours to 10.9%
AR after 7 days. Significant amounts of the applied radioactivity were volatilized from the water layer and
recovered in the charcoal trap, accounting for 21.1% AR after 6 hours, 33.7% AR after 1 day and 34.6% after 120
days. Subsequent volatilization from the water layer after 1 day was minimal once the majority of the applied
radioactivity had dissipated to the soil layer. The amount of radioactivity recovered in the soil layer increased
quickly to 54.4% AR after 7 days and then slowly increased further to 63.2% AR after 120 days. The level of
radioactivity extractable from the soil layer increased to a maximum of 30.6% AR after 7 days and then slowly
declined to 13% AR after 120 days. The level of soil NER increased steadily throughout the study and comprised
50.2% AR by 120 days. Little or no evolved carbon dioxide was recovered, except for the last sampling interval
where 1.3% AR was found in the sodium hydroxide trap. The soil NER (day 120) was fractionated into humic
acids (13.2% AR), fulvic acids (3.6% AR) and humin (32.9% AR) soil fractions.

Benfluralin was rapidly degraded under anaerobic conditions. The major degradation products were benfluralin
diamine (23.2% AR) and ethyl propyl benzimidazole (25% AR). Multiple minor unknown degradation products
were detected but were all of low concentration and none exceeded 2 x 5% or 10% AR.
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0

93.7

89.5

0.7

<0.1 7.5

6.7

0.2

6h

55.1

46.8

2.5

1.3

20.9

5.1

10.6 1.3

1

29.8

4.1

9.3

8.3

26.2

0.6

13.9 5.7

2

22.1

1.6

3.8

12.7 30.0

0.3

7

10.9

<0.1

<0.1

6.8

30.6

0.3

14

7.1

<0.1

<0.1

3.9

26.9

<0.1 <0.1 9.3

30

3.8

<0.1

<0.1

0.8

23.7

0.1

62

2.5

n.a.

n.a.

n.a.

18.4

90

2.9

n.a.

n.a.

n.a.

120

2.7

n.a.

n.a.

n.a.

Organic

CO2

1.7

4.2

--

--

102.2

1.8

2.2

6.8

< 0.1

21.1

98.8

9.3

4.0

12.3

< 0.1

33.7

99.0

12.3 12.3 16.7 3.6

7.1

< 0.1

33.8

102.5

3.7

10.6

< 0.1

33.8

99.0

29.1 10.9

20.1

< 0.1

33.8

96.8

38.0 12.7

17.5

< 0.1

33.8

99.2

<0.1 <0.1 7.1

43.0 8.0

11.3

< 0.1

33.9

97.7

15.3

<0.1 <0.1 2.1

48.3 8.5

11.3

< 0.1

33.9

100.3

13.0

<0.1 <0.1 3.4

50.2 5.1

9.5

1.3

34.6

101.7

0.2

<0.1 1.0

Total unknown (in
soil and water)*

Max individual
component
(HPLC)*

Bound residues

Benfluralin
diamine
Ethyl
propyl
benzimidazole

Benfluralin

Total extractable

Ethyl
propyl
benzimidazole

Benfluralin
diamine

Benfluralin

Total extractable

Days

Table 8.1.1.2-2: Recovery of radioactivity in % AR and distribution of metabolites after application of
[ring- 14C]-benfluralin to a silt loam soil and incubation under anaerobic conditions at 20°C.
Unknown
Total
Inter. Water layer
Soil
Volatiles
balance
Total system

17.2 23.8 4.7

9.0

* Contained several components and none exceeded 2 x 5% or 10% AR based on TLC

Approximately 30% AR was evolved as volatile benfluralin within the first day of incubation. The mineralisation
was low with 1.3% AR at day 120. Degradation proceeded via reduction of the nitro group to form benfluralin
diamine followed by cyclisation to form ethyl propyl benzimidazole. Benfluralin diamine reached a maximum
level of 23.2% AR at day 1. Ethyl propyl benzimidazole, a component arising from the degradation of benfluralin
diamine, reached a maximum level of 25% in the total system at day 2. Several minor metabolites were observed
in the study. Confirmatory TLC analysis of peaks exceeding 5% AR in the HPLC analysis indicated that they were
constituted of several minor metabolites. Bound residues accounted for 50.2% AR (day 120), of which 31% to
34.8%, 3.8% to 3.4%, 13.5% to 12.9% AR was associated with the humin (irreversibly bound), fulvic acid and
humic acid fractions, respectively.

Results from Mamouni and Jarvis (2016)
The values used for kinetics calculation are presented in Table 8.1.1.2-3. Based on the low water solubility and
vapour pressure as well as the calculated Henry’s Law constant, benfluralin will always be volatilized from water
systems. Therefore, for kinetics calculation, volatilization was also considered. Acceptable SFO fits and statistics
could be obtained for the parent compound and its metabolites. DT 50 values for benfluralin, benfluralin diamine
and ethyl propyl benzimidazole of 0.2, 2.1 and 24.4 days, respectively, were calculated for the degradation in soil
under anaerobic conditions.
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Table 8.1.1.2-3: Values of benfluralin and its metabolites used for kinetics after application of [ring-14C]benfluralin to a silt loam soil and incubation under anaerobic conditions at 20ºC.
Interval

Total system

Days

Benfluralin

Benfluralin diamine

Ethyl propyl benzimidazole

0
0
0.25
0.25
1
1
2
2
7
7
14
14
30
30
62
62
90
90
120
120

102.2
102.1
44.6
59.0
4.8
4.5
1.5
2.2
0.5
n.d**
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

0
0
15.8
10.4
16.0
30.4
10.4
21.7
4.2
3.1
n.d**
n.d**
n.d**
0.4
n.d
n.d
n.d
n.d
n.d
n.d

0
0
3.5
1.6
19.8
8.0
32.7
17.2
21.4
26.4
8.6
17.7
10.3
9.2
4.6
9.5
2.7
1.4
2.7
4.1

* Includes metabolites and bound residues from day 0, due to the rapid degradation and metabolites considered as 0.
** As no LOD was reported, but fractions were quantified down to 0.1% AR, first n.d. was considered as 0.05% AR.

The parent was first fitted alone and the optimum model parameters were fixed for the calculation of metabolites
kinetics. The results of the determinations are summarised in Table 8.1.1.2-4 and 8.1.1.2-5 and the plots of the
decline and the residuals are given in Figures 8.1.1.2-1 to 8.1.1.2-4. The SFO model satisfactorily describes the
decline of benfluralin in the soil under anaerobic conditions. No improvement of the fit and statistics was
obtained by FOMC. Therefore, the SFO fit of the parent were used to derive the metabolites kinetics.

Acceptable SFO fit and statistics could be obtained for benfluralin diamine. No acceptable fit could be obtained
for ethyl propyl benzimidazole, and its rate of degradation was therefore calculated separately.

In conclusion, acceptable SFO fits and statistics could be obtained for the parent compound and its metabolites.
DT50 values for benfluralin, benfluralin diamine and ethyl propyl benzimidazole of 0.2, 2.1 and 24.4 days,
respectively, were calculated for the degradation in soil under anaerobic conditions.
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Table 8.1.1.2-4: Summary of benfluralin and its metabolites kinetics in soil under anaerobic conditions.
Substance

DT50/
DT90
(days)
0.2 /
0.8

Kinetic
model

Parameter

Value



Prob. >
t

²

Lower
(95%)
CI

Upper
(95%)
CI

FF

SFO

k_Parent

2.784

0.021

4.59E-7

2.6

2.305

3.264

-

FOMC

alpha
beta

7.01E+4
3.34E+3

nd
nd

N/A
N/A

3.0

nd
nd

nd
nd

-

0.2
0.8

/

k_A1

0.3354

0.12

0.006

6.9

0.08

0.59

0.29*

2.1
6.9

/

k_B1

0.055

0.02

5.3E-4

24.1

0.02

0.09

1**

12.6 /
41.9

Benfluralin

Benfluralin
diamine

SFO
SFO

Ethyl
propyl
benzimidazole

SFO/ SFO

/

nd: Errors and T-test values could not be calculated because the covariance matrix could not be created.
* Formation fraction (FF) from the parent
** Formation fraction (FF) from benfluralin diamine

Table 8.1.1.2-5: Summary of ethyl propyl benzimidazole in soil under anaerobic conditions.
Lower Upper
DT50/ DT90
Kinetic
Prob.
Substance
Parameter Value
(95%) (95%)

²
model
>t
(days)
CI
CI
SFO
Ethyl propyl
benzimidazole

FOMC*

k_Parent

0.02843

0.0079

0.0018

alpha

1.339

1.189

N/A

beta

26.51

36.4

N/A

* No acceptable statistics. No acceptable statistics also could be obtained for DFOP.

15.9
13.4

18.85

29.9

-1.279

3.956

-53.61

106.6

24.4 / 81.0
18.0 / 122.0
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Figure 8.1.1.2-1: Kinetics plots of anaerobic soil degradation of benfluralin.
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Figure 8.1.1.2-2: Kinetics plots of anaerobic soil degradation of metabolite benfluralin diamine.
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Figure 8.1.1.2-3: Kinetics plots of anaerobic soil degradation of benfluralin with metabolites.
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Figure 8.1.1.2-4: Kinetics plots of of anaerobic soil degradation of metabolite ethyl propyl benzimidazole.

RMS comments and conclusions
The study by Knoch and Heim (2003a) was accepted in the DAR (2006) and is still considered satisfactory for the
purpose of renewal. Recoveries were within the acceptable range and duplicate samples showed comparable
analytical results. The study shows that soil laboratory transformation of benfluralin is much faster under
anaerobic than aerobic conditions and that two major anaerobic metabolites were formed.

The kinetic reassessment (Mamouni and Jarvis 2016) was performed in line with the current recommendations set
by the FOCUS kinetics working group (2014) and is considered acceptable by the RMS. According to the
recommendations (p 156), the degradation of a metabolite may be estimated from only the metabolite’s declining
curve when acceptable statistics cannot be obtained based on the data from the preceding compounds and the
metabolite, as was performed for ethyl propyl benzimidazole.
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Reference:

Graper, L. K., 1990b, Anaerobic Metabolism of 14C Benefin in Sandy Loam Soil

Company Report No.:

DowElanco, Report No. ABC-0437

Guideline:

US EPA Pesticide Assessment Guidelines, Subdivision N, Paragraph 162-2. Apart
from minor deviations, the study meets the requirements of the recommended
guidelines (SETAC 1995).

GLP:

No/In part
(The majority of the experimental work was not conducted to GLP)

Acceptability:

Not relevant

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

Methodology:
[Phenyl-U-14C]-benfluralin, (lot no. 553-JV8-282, specific activity 8.68 µCi/mg),

Test material:

radiochemical purity = 99%)
Test

system

conditions:

and

The route of anaerobic degradation of [U-phenyl-14C]-benfluralin (described as benefin
in the report) was investigated in a sandy loam soil aged aerobically for a period of 30
days and then flooded with water under laboratory conditions at a temperature of 29°C.
Soil characteristics are presented in Table 8.1.1.2-6.
The study was conducted in conjunction with the study (Graper 1990a; see CA
7.1.1.1/01) investigating the aerobic degradation of benfluralin. The soil was treated at a
rate equivalent to an application rate of 4600 g a.s./ha in a soil depth of 10 cm (i.e. soil
incorporated), assuming a soil bulk density of 1.5 g/cm3 and aged for a period of 30
days. Following the ageing period, aliquots from the aged soil sample (15 g) were taken
and placed in glass vials and flooded with water (15 mL). The flooded soil samples were
placed in a common chamber and maintained in the dark at a temperature of 29° C under
a nitrogen atmosphere. The incubation chamber was connected to a charcoal trap and a
sodium hydroxide trap to collect evolved volatile components. No information on the
maintenance of the anaerobic conditions was reported.
At day 0, 30 and 60, duplicate combined soil/water samples were extracted with
methanol, followed by dilution in methanol/water (50/50) under acidic conditions.
Radioactivity in the extracts was determined by LSC. Soil extracts were analysed for
benfluralin and soil metabolites by TLC and by NMR, IR and MS. The soil NER was
further investigated at the 60 day sampling interval using organic matter fractionation.
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Table 8.1.1.2-6: Soil characteristics.
Country of origin
US
Textural analysis (%)
Sand (53-2000 µm)
66
Silt (2-53 µm)
21
Clay (<2 µm)
13
Textural classification (UK)
Sandy loam
Soil
textural
classification Sandy loam
(quoted USDA)
Bulk density (g/cm3)
1.37
pH
7.1
Organic matter content (%)
1.5
Organic carbon content (%)
0.87
CEC (mEq/100 g)
8.8
MHC at 1/3 bar (% w/w dry 12.9
soil)
Biomass not reported

Results and conclusions
The recovery and distribution of the radioactivity (% AR) from the soil samples is summarised in Table 8.1.1.2-7.
The level of radioactivity extractable from the soil samples declined rapidly from 85.5% AR initially (start of
anaerobic incubation) to 28.4% AR (60 days). The levels of soil NER increased steadily to 62.3% AR (60 days).
Very little volatile radioactivity was evolved (<0.3% AR), as was also observed aerobic study (Graper 1990a),
except that less volatile benfluralin was evolved in this study and this was likely due to the initial aerobic ageing
period used in this study. Further analysis of the bound residues at day 60 showed that 28.6%, 4.6%, 15.6%,
13.5% of the applied radioactivity was associated with the humin (irreversibly bound), β-humus, fulvic acid and
humic acid fractions, respectively.

Chromatographic analysis of the soil extracts by TLC indicated that benfluralin was rapidly degraded under
anaerobic conditions. Degradation led to the formation of numerous degradation products. Metabolite B36
(benfluralin diamine) reached a maximum level of 9.8% AR (30 days) before declining to 1.2% AR by the end of
the study, while all other components did not exceed 3.6% AR.

The study may be considered as supporting data to that given by the primary study (Knoch and Heim, 2003), due
to the low sampling intervals. No information is available on the maintenance of the anaerobic conditions. The
flooded soil samples were maintained in the dark under a nitrogen atmosphere and anaerobic conditions are to be
expected after such a long incubation period. Due to the low sampling intervals no kinetics were calculated.
Metabolite ethyl propyl benzimidazole was not observed in the study, probably due to its rapid degradation.
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Table 8.1.1.2-7: Recovery of radioactivity in % AR and distribution of metabolites after application of
[ring- 14C]-benfluralin to a sandy loam soil and incubation under anaerobic conditions at 29ºC.
Soil components (% AR)
Volatile components (% AR)
Sampling interval
Total
Bound
Charcoal trap and (% AR)
(days)
Organic
Aqueous
NaOH trap
residue
desiccator wash
0

85.5

0.2

14.3

n.a

n.a

100.0

30

46.4

2.3

42.6

< 0.1

< 0.1

91.3

0.3

0.3

60

28.4

1.8

62.3

Sampling Soil components (% AR)
interval
Benfluralin
a.s.
B12* B26*
B37* U2*
(days)
diamine

93.1

U3*

X1*

X2*

X3*

Others1

Total
Extract
(% AR)

0

72.4

2.6

0.0

0.5

0.0

2.5

1.4

0.0

0.0

0.0

6.1

85.5

30

12.0

0.4

1.0

9.8

0.7

0.7

0.5

3.6

2.7

1.4

13.6

46.4

60

4.5

0.2

0.2

1.2

2.4

0.3

0.4

2.9

2.1

1.0

13.2

28.4

1) metabolites B3*, B6*, B34*, B35*, B38*, B39*, B40*, U1*, U4* and origin material, each of which comprised  0.9% AR
*for structure and chemical name, see the original study report (Graper 1990a). Note that reference standards were unavailable for several
metabolites.

RMS comments and conclusions
The RMS agrees that in principle the study should only be regarded as supporting data. However, since the results
of the study are not used in the further risk assessment of benfluralin, the study is regarded as not relevant by the
RMS. The study has several shortcomings that make it unsuitable for providing information on the route of
degradation. The low number of sampling intervals makes it problematic for the study to provide additional
information on the anaerobic degradation pathway, and the data set is too scarce for an appropriate kinetic
assessment. Recoveries were within the acceptable range. The repeatability of the analytical method was not
assessed.

B.8.1.1.3 Photochemical transformation of the active substance on soil
The determination of soil photolysis is not required. The pre-emergence use of benfluralin and its subsequent soil
incorporation to ca 10 cm depth directly after application means that whilst the active substance will reach the soil
compartment, it is very unlikely that significant quantities will be available at the soil surface for
photodegradation.

RMS comments and conclusions
The RMS agrees that assessment of soil photolysis is not required, as the GAP indicates spraying followed by soil
incorporation.
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B.8.1.1.4 Route and rate of degradation of metabolites in soil
Results from the studies by Roohi and Cooper 2015, Roohi 2016 and Kercher 2018 show that the soil metabolite
B12 will not exceed 5% AR in aerobic soils. Nevertheless, the applicant provided a new study during the peer
review process on the degradation rate of metabolite B12 in aerobic soil (Scherthan, 2018), in order to obtain input
for groundwater modelling of B12, which would be required if B12 is considered relevant by toxicology experts (a
conclusion has not yet been reached). The study is evaluated below.
Study CA 7.1.2.1.2.1/01 – Scherthan, 2018
Scherthan, D. (2018) Rate of degradation of benfluralin metabolite B12 in six

Reference:

different soils
Report No.:

RLP AgroScience GmbH, Report Study No. AS532

Guideline:

OECD TG No 307

GLP:

Yes, except for determination of water holding capacity at pF 2.5 for all soils.

Guideline deviations:

None stated

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal.

Material and methods:
Test material:

B12 metabolite (4-hydroxy-3,5-dinitrobenzotrifluoride). Product name: 2,6-Dinitro4-(trifluoromethyl)phenol

Lot/Batch No:

E0117

Purity:

≥ 97.8% (GC)

Test concentration:

Target concentration: 100 µg/kg soil (dry weight), corresponding to 75 g B12/ha
when assuming an equal distribution in the upper 5 cm soil layer and a soil bulk
density of 1.5 g/cm3. Actual test concentration was measured to be 99.1 (soils I-III)
and 100.9 % of the target concentration (soils IV-VI).

Reference substances:

B12 (4-Hydroxy-3,5-dibenzotrifluoride), CAS number 393-77-1, Lot no. E0117.

Test conditions:

Aerobic conditions at 20 ± 2°C in the dark. A moisture content corresponding to pF
2.5 was maintained.

Sampling time points:

Duplicate samples were taken at the following time points:
Soil I, IV, VI: 0, 3, 7, 14, 28, 56, 78, 120
Soil II, III: 0, 3, 7, 14, 21, 28, 42, 56
Soil V: 0, 3, 7, 14, 21, 28, 42, 56, 78, 94

Method of analysis:

Reversed phase high performance liquid chromatography (RP-HPLC) with an
MS/MS detection system.

Sensitivity of analysis:

Limit of quantification (LOQ): 0.002 mg/kg (2% of initial applied amount)
Limit of detection (LOD): 0.0001 mg/kg (0.1% of initial applied amount)

Test

system

conditions:

and

Six soils were used and were freshly sampled from the field from the top layer
(20 cm). The field had not been subjected to any pesticide treatments during at least
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two years prior to sampling. The soils were stored until use under cold conditions
(cooling chamber at ca. +4 °C for less than one month). Soil characteristics are
presented in Table 8.1.1.4-1. After gentle drying until sievable, the soils were
passed through 2 mm sieves. Aliquots of fresh soil (100 g oven-dried equivalent)
were dispensed into 300 mL Erlenmeyer flasks at pF 2.5 soil humidity. The samples
were allowed to acclimatise under study conditions for 3 to 4 days prior to
treatment.
Aliquots of 500 μL (acetone/water 1/4, (v/v)) of the application solution were
applied drop-wise onto the soil surface. This corresponds to a B12 concentration of
0.1 mg/kg dry soil when assuming an even distribution in the upper 5 cm soil layer
and a soil density of 1.5 g/cm3. The homogeneity of the application solution was
tested by measuring the test item concentration of the application solution before
application and at the end of the application procedure. These aliquots were diluted
and subjected to LC-MS/MS analysis.
Soil samples that were incubated for determination of biomass concentration were
either untreated, treated with solvent or treated with both solvent and B12
metabolite at the same concentrations as in the application solution. The
determination of microbial biomass was carried out at the start and the end of the
incubation period.
After application, the soils were further carefully mixed by gently shaking the
flasks, avoiding formation of soil clumps and to allow evaporation of the organic
solvent. Afterwards the soil moisture was adjusted to pF 2.5 by addition of tap
water. After application of the test item and soil moisture adjustment, the
Erlenmeyer flasks were closed with quartz wool stoppers permeable for oxygen. All
sample and biomass flasks were incubated throughout the study at 19.6 ± 1.3°C in
the dark. The study duration was between 56 and 120 days and soils were sampled
on a regular basis (see study duration and sample time intervals for the different test
soils in the previous description under “Sampling time points”). The moisture was
adjusted to the initial value by adding water biweekly.
Extraction procedure and
analysis of soil extracts:

At each sampling interval, the whole content of the vessel was processed. The
total portion of soil was transferred into a centrifuge beaker, using a portion of the
extraction solvent acetonitrile/water 4:1 (v/v). The soils were extracted as follows:
•

The soil was extracted three times each with 100 mL extraction solvent by
means of a shaker at about 200 rpm for about 30 minutes

•

After each step the vessels were centrifuged and the supernatant was
carefully removed

Each extraction step was followed by centrifugation for about 10 min at 4000
revolutions per minute. The first two extracts were combined and filled up to a
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finale volume of 200 mL. The final volume of the third extract was 100 mL. The
extracts were filtered and diluted with acetonitrile/water (1/1, v/v) prior to LCMS/MS analysis. The analysis of solutions and extracts was done by means of
reversed phase high performance liquid chromatography (RP-HPLC) and MS/MS
detection system with external standard method.
The analytical method was developed and validated at B12 concentrations of
0.002 mg/kg soil and of 0.02 mg/kg. Calibration curves were constructed using at
least five concentrations. For each concentration, two responses were used.
Additionally, the efficiency of the analytical method for the determination of B12
recovery was tested at every sampling interval by fortifying untreated soil samples
at different target concentrations ranging from 0.01 mg test item/kg soil (10% of
initial) to 0.09 mg /kg (90% of initial).
Kinetic analysis:

DT50 and DT90 values for the degradation were determined using the numerical
software package CAKE version 3.2 from the optimized kinetic parameters for the
best-fit kinetic model. The calculations were carried out using single first order
(SFO), first order multiple-compartment (FOMC) and double first order in parallel
(DFOP). The goodness of fit of the estimated to the measured data was assessed by
visual inspection, the chi-square (χ2) test, single-sided t-tests or 95% confidence
intervals.

Table 8.1.1.4-1.: Soil characteristics. Microbial biomass measurements are averages of individual replicates.

Soil Reference
Textural
classification
(USDA)
Sand % (50-2000
µm)
Silt % (2-50
µm)
Clay % (< 2 µm)
pH
0.01M CaCl2
Organic Carbon %
pF 2.0 – WHC [g/100 g]
pF 2.5 – WHC [g/100 g]
Microbial Biomass (µg C/g
soil)
Initial
End of study– untreated
End of study– treated with test
item + solvent
End of study) – treated with
solvent

43.6
41.0
15.4
7.03
2.49
33.95
21.6

Soil II
Lufa 2.1
DE
Loamy
sand
86.2
10.7
3.1
4.90
0.68
23.11
5.5

1152
716
749

163
180
121

237
204
212

514
251
367

755
495
618

361
262
287

774

104

230

367

601

278

Soil I
Mußbach
DE
Loam

Soil III
Soil IV
Soil V
Soil VI
Lufa 2.2 Attenschwiller Bourg-en-Bresse Village
FR
Neuf FR
DE
FR
Sandy
Silt loam
Sandy loam
Loam
loam
76.8
8.3
65.5
49.9
14.9
70.3
15.8
34.2
8.3
21.4
18.7
15.9
5.60
7.52
5.84
7.50
1.73
1.11
3.13
0.88
40.01
48.28
55.09
38.14
13.8
22.2
28.5
15.2
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Results and conclusions
The results are presented in Tables 8.1.1.4-2 and -3.

The microbial biomass was determined at the start and at after 120 days of incubation (with and without test item
and solvent). The results (see table 8.1.1.4-1) showed that the biomass was higher than 1% of the soil total organic
carbon in all soils and remained relatively constant during the incubation.

The analytical method was validated in terms of linearity, specificity, accuracy and precision for the test item.
Calibration curves were established for the analyte with correlation co-efficient r > 0.99 indicating satisfactory
linearity. During validation, interfering peaks in control samples that eluted at the same retention time as the
analytes were either non-detectable or less than 30% of the limit of quantification (LOQ), demonstrating
acceptable specificity. The accuracy at each fortification level (LOQ 84.0 – 106.1% and 10xLOQ 101.4 – 106.4%)
fell in the criterion of 70-110% and the coefficient of variation was 9.1%. The LOQ was established at 0.002
mg/kg for B12 (2% of applied). The LOD was based on the lowest quantifiable standard and was 0.0001 mg/kg,
which was 0.1% of the applied amount of test item.

Additionally, B12 recovery was tested at every sampling interval by fortifying untreated soil samples at different
target concentrations. The mean values of all recoveries from the fortified samples were 101.5%, 102.4%, 103.4%,
99.2%, 99.2% and 97.8% for soil I to VI, respectively, thereby confirming the efficiency of the analytical method
and the stability of the compound during the work-up procedure.

On day 0, between 97.3% and 102.8% (average of replicates) of the applied amount of test item were extracted
from all six soils. The extracted amount of test item decreased continuously in the course of the study. The
decrease was rapid for soil II (Lufa 2.1) and soil III (Lufa 2.2), where 2.7% and 4.7% of the applied amount of test
item were extractable after 56 days. For soil V (Bourg-en-Bresse), the remained non-degraded amount of B12 was
10% after 94 days. B12 steadily degraded in soil I (Mußbach), soil IV (Attenschwiller) and soil VI (Village Neuf)
to mean levels of 20.4%, 32.5% and 42.5% of applied amount, respectively, after 120 days of incubation.
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Table 8.1.1.4-2.: Amount of B12 in percent of the initial amount applied

Table 8.1.1.4-3.: Recovery results from fortified untreated soil samples, transition 251.0>155.0

The rate of degradation of metabolite B12 in soil was calculated according to FOCUS kinetics guidance (2014)
using the software CAKE v. 3.2. The calculations were carried out using SFO. FOMC and DFOP. The SFO model
produced a good fit to the data both visually and statistically in all soils, except for soil V where DFOP showed
better fit and statistics. The results have been summarized in table 8.1.1.4-4 and in Figures 8.1.1.4-1 to -6. Since
the experiment was conducted with soil moisture content at a pF of 2.5, values to be used in modelling were
normalized to pF2 and presented in table 8.1.1.4-5.
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Table 8.1.1.4-4.: Kinetics of the degradation of the benfluralin metabolite B12 in soil. The best-fit kinetics
model as selected by the RMS for each soil is marked in bold.
Soil
DT50 [d]
DT90 [d]
Kn or
P value of k from
χ2
Kinetic
alpha / beta
the t-test or
error
model
σ alpha and beta
[%]
I
41.3
137
0.0168
2.81 × 10-13
3.66
SFO
#
Mußbach
37.2 (53.3 )
177
2.47 / 115. 1
0.668*) / 38.83**)
2.42
FOMC
36.8 ( - ##)
>10000
0.0233 /
3.95 × 10-4 / 0.5
1.97
DFOP1
1.18 × 10-7
II
10.2
33.7
0.0683
1.45 × 10-14
4.44
SFO
Lufa 2.1
9.4 (11.1#)
36.8
5.014 /
1.712*) / 24.77**)
3.54
FOMC1
63.04
9.2 (11.5##)
35.7
0.3607 /
6.42 × 10-2 / 1.04-9
2.96
DFOP1
0.0604
III
9.3
30.9
0.0744
6.24 × 10-13
5.36
SFO
#
Lufa 2.2
8.3 (10.7 )
35.5
3.453 /
0.905*) / 12.01**)
2.83
FOMC1
37.44
8.4 (27.2 ##)
36.1
0.1029 /
1.86 × 10-4 / 0.12
2.70
DFOP1
0.0255
IV
68.3
227
0.0102
4.08 × 10-12
2.68
SFO
#
Attenschwiller
66.5 (83.5 )
277
3.772 /
4.18*) / 409.4**)
2.63
FOMC1
329.7
65.6 ( - ##)
>10000
0.0134 /
2.59 × 10-1 / 0.5
2.71
DFOP1
-7
1.72 × 10
V
19.7
65.4
0.0352
1.83 × 10-13
7.65
SFO
#
Bourg-en16.1 (26.9 )
89.3
1.778 /
0.206*) / 5.53**)
2.72
FOMC
Bresse
33.65
##
16.0 (52.5 )
93.6
0.0672 /
1.4 × 10-6/1.4 × 10- 2.43
DFOP
3
0.0132
VI
89.3
297
0.0078
5.64 × 10-12
2.91
SFO
Village Neuf
87.5 (244#)
811
0.9764 /
0.314*) / 38**)
1.95
FOMC
84.68
87.9 (165 ##)
455
0.0260 /
1.74 × 10-1 / 1.79 ×
2.12
DFOP1
-1
0.0042
10
*) alpha / **) beta
#
) DT50 slow phase = (DT90/3.32) / ##) DT50 slow phase
1
No acceptable statistics (red) or confidence interval contains 0, according to applicant. The RMS partially disagrees on the statistical
assessment by the applicant (see RMS comments and conclusion).

Table 8.1.1.4-5. Normalization of modelling DegT50 values for the benfluralin aerobic soil metabolite B12
Soil
Name

pH

Temperat
ure during
study
[°C]

Moisture
during the
study

Soil I
Soil II
Soil III
Soil IV
Soil V
Soil VI

7.03
4.90
5.60
7.52
5.84
7.50

20
20
20
20
20
20

21.60
5.50
13.8
22.2
28.5
15.2

Reference
moisture
content at
pF 2 [g/
100 g soil]
33.95
14*
40.01
48.28
55.09
38.14

Moisture
correction
factor

DegT50
[days]

0.729
0.520
0.475
0.581
0.630
0.525

41.3
10.2
9.3
68.3
26.9**
89.3

*FOCUS 2014 value1, as no pF2 value was available for this soil.
** slow phase DT50, calculated as DT90/3.32

1

FOCUS 2014: Generic Guidance for Tier 1 FOCUS Ground Water Assessments. Version 2.2 (May 2014)

DegT50
Normalized
to 20
°C/pF2
[days]
30.1
5.3
4.4
39.6
16.9
46.9

Degradation
kinetics

SFO
SFO
SFO
SFO
FOMC
SFO
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Figure 8.1.1.4-1. Kinetic fitted plots (measured and predicted, and residual plots) of benfluralin metabolite
B12 in soil I, Mußbach, obtained by SFO (upper two figures), FOMC (middle two figures) and DFOP
(lower two figures) modelling.
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Figure 8.1.1.4-2. Kinetic fitted plots (measured and predicted, and residual plots) of benfluralin metabolite
B12 in soil II, Lufa 2.1, obtained by SFO (upper two figures), FMOC (middle two figures) and DFOP (lower
two figures) modelling.
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Figure 8.1.1.4-3. Kinetic fitted plots (measured and predicted, and residual plots) of benfluralin metabolite
B12 in soil III, Lufa 2.2, obtained by SFO (upper two figures), FMOC (middle two figures) and DFOP
(lower two figures) modelling.
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Figure 8.1.1.4-4. Kinetic fitted plots (measured and predicted, and residual plots) of benfluralin metabolite
B12 in soil IV, Attenschwiller, obtained by SFO (upper two figures), FOMC (middle two figures) and DFOP
(lower two figures) modelling.
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Figure 8.1.1.4-5. Kinetic fitted plots (measured and predicted, and residual plots) of benfluralin metabolite
B12 in soil V, Bourg en Bresse, obtained by SFO (upper two figures), FOMC (middle two figures) and
DFOP (lower two figures) modelling.
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Figure 8.1.1.4-6. Kinetic fitted plots (measured and predicted, and residual plots) of benfluralin metabolite
B12 in soil VI, Village Neuf, obtained by SFO (upper two figures), FOMC (middle two figures) and DFOP
(lower two figures) modelling.
RMS comments and conclusions
The aim of the study was to determine the transformation rate of the metabolite B12. The study in general
followed the guideline OECD 307, but lacked information regarding the recovery of B12 throughout the study.

Firstly, the RMS notes that there is some uncertainty regarding the volatilization of B12. Volatiles were not
measured in the study, and the potential volatility of B12 was not addressed in the study report. The co-RMS has
estimated the vapor pressure of B12 to be 1.3 x 10-3 Pa at 25 °C (please refer to the assessment of Graper 1990a,
part B.8.1.1.1), indicating that volatilization of B12 might be a concern.
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However, fortification of untreated samples with B12 showed that B12 was stable during the work-up procedure.
This indicates that there was no immediate volatilization of B12 from the soil samples, but does not say anything
about possible volatilization after a longer time period.

The degradation of B12 has also been described in the Kercher 2018 study on the parent compound benfluralin.
The results from Kercher 2018, where benfluralin was mixed into the soil, indicate that volatilization from soil
peaks after 62 days. On the other hand, low levels of volatilization were measured in the soil where B12 was
formed.
In the RMS’s opinion, soil incorporation could possibly contribute to minimizing potential losses through
volatilization, although the Koc is substantially lower than that of benfluralin (see Scherthan 2017). As well, the
results from Kercher (2018) point towards low volatilization of B12 when benfluralin is incorporated into soil.
Therefore, the lack of data concerning volatiles may be considered acceptable.

Secondly, the study also lacks data on the formation of carbon dioxide and bound residues and it is not possible to
calculate a mass balance. No justification of this lack of data has been given in the study report. The RMS notes
that these data have been described in degradation studies with the parent (Roohi and Cooper, 2015 and Kercher,
2018), and that the study therefore could possibly be considered acceptable despite the lack of a mass balance
calculation. Even though very little B12 was formed in the one soil where B12 was detected in Kercher 2018, the
applicant estimated the degradation rate (please refer to Mamouni and Montesano 2018a in Annex B.8 (EF-1533),
part B8.3), which was within the same order of magnitude as the degradation rates obtained in this study.
Therefore, the RMS thinks that the results seem plausible. However, we would appreciate the opinion of EFSA
and other member states on the issue.

The test concentration of 0.1 mg B12/kg soil corresponds to an application rate of 75 g B12/ha (assuming
incorporation into the upper 5 cm soil layer and a soil density of 1.5 g/cm 3). Taking into account the parent
application rate of 1440 g/ha and molecular weights of benfluralin and B12 of 335.3 and 252.1 g/mol,
respectively, this translates into 7% B12 formation from the parent. The applicant did not provide a reason for this
choice of formation, but the RMS notes that it is higher than the maximum observed concentration of B12 in the
soil degradation studies and therefore deems the concentration used in the study acceptable.

The results show that the transformation of B12 varies between the different soils, with DegT50 values normalized
to 20°C and pF2 ranging from 4.4 to 46.9 days. The results indicate that the degradation rate of B12 may be
dependent on pH, with degradation being faster in acidic soils (pH < 7). However, no clear pH dependence was
found when assessing the results with the German excel sheet Input_Desicion_3.
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A minor study deviation was related to the organic carbon content in soil Soil V, Bourg-en-Bresse, which
exceeded the OC content recommended by the guideline OECD 307. However, the exceedance is not large and the
results from this soil are therefore by the RMS deemed to be acceptable.

The RMS has checked the kinetic calculations and agrees with the results that are presented by the applicant.
However, the RMS disagrees with the statistical assessment, which is somewhat different from the approach
described in the FOCUS kinetics guidance document (FOCUS, 2014).

The RMS has evaluated the best-fit kinetics (trigger endpoints). Five of the soils had acceptable SFO degradation
kinetics. For soil V the RMS considers that the SFO fit is not acceptable despite a χ2 value well below 15 due to an
overestimation of the degradation rate from day 41 and until the study end, as can be seen from the residual plot,
where the scatter is not random (see Figure 8.1.1.4-5). For most of the soils FOMC degradation kinetics gave
marginally better fits. The applicant argues that for all soils the FOMC model does not have acceptable statistics in
terms of the σ (standard error) value assigned to the alpha and/or beta parameter(s) in the model. However, the
FOCUS kinetics guidance document suggests that visual fit, χ2 value and t-tests/confidence intervals are the most
important for the evaluation of the kinetic fit. For all soils, t-tests were not calculated for the alpha and beta
parameters of the FOMC model, as this test is not appropriate for these parameters (FOCUS, 2014). For soil IV
(Attenschwiller) the FOMC kinetic fit had 95% confidence intervals that contained 0 for both the alpha and beta
parameter. For this soil, SFO kinetics is the best fit model. For the other soils, the parameters in the FOMC model
did not have 95% confidence intervals that contained 0, indicating that the parameters can be considered reliable.
Furthermore, FOMC resulted in a marginally improved fit in terms of visual fit and lower χ2 values. Further
kinetic fitting with DFOP resulted in unacceptable statistics with 95% confidence intervals containing 0 for all
soils except soil V. Hence, FOMC kinetics are best-fit and should be used as trigger endpoints for soils I-III and
VI. For soil V, DFOP showed acceptable statistics (t-test p< 0.005 for k1 and k2 and confidence interval did not
include 0 for parameter g) and had a marginally improved fit over FOMC in terms of the χ2 value for this soil. The
DFOP endpoint should therefore be used for soil V.

For modelling purposes, the SFO fits for soils I-IV and VI should be used, considering that the visual and
statistical fit of the SFO kinetics is satisfactory for these soils. Due to poor visual fit of the SFO kinetic model to
data from soil V, the FOMC fit should be used as a modelling endpoint for this soil. Even though DFOP
demonstrates a better fit for this soil, the FOCUS kinetics guidance (2014) states that when 10% of the initial
concentration is reached at the study end, DT50 should be calculated as FOMC DT90/3.32. The geometric mean
of all the modelling endpoints (n=6) is 16.7 days.
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B.8.1.2

Adsorption and desorption in soil

B.8.1.2.1 Adsorption and desorption of the active substance
Study CA 7.1.3.1.1/01 – Knoch and Batzer 2003
Study CA 7.1.3.1.1/02 – Saunders and Powers 1987
Reference:

Knoch, E. And Batzer, F. R., (2003) Benfluralin: Adsorption - Desorption

Report No.:

Institut Fresenius, Report No. IF-02/00022560

Guideline:

OECD TG No 106

GLP:

Yes

Acceptability

Acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

Material and methods:
[Phenyl-U-14C]-benfluralin

Test material:

([Phenyl-U-14C]-N-butyl-N-ethyl-ααα-trifluoro-2,6-

dinitro-p-toluidine)
Lot/Batch No:

SPS ref no. F0329-85, specific activity of 21.9 mCi/mmol

Purity:

Radiochemical purity: 98.7 % (by HPLC/TLC, determined by Institut Fresenius,
October 25, 2002). Purity unlabelled benfluralin (reference): 99.9 %

Test

system

conditions:

and

The adsorption/desorption of benfluralin was investigated in four soils from
Germany and Japan. For soil characteristics, see the Table 8.1.2.1-1. The soils
were sieved (2 mm) and dried at 105° C for 16 hours to determine the moisture
content of the soils. Soils were equilibrated for 12 hours before the experiment.
The

study

Stock solutions of

was
14

performed

at

20

±

2°C.

C-benfluralin were prepared with 0.01 M CaCl2 and

acetonitrile (ratio approx. 1:1). Calculated aliquots (approximately 30 µL) of the
stock solutions were spiked into 0.01 M CaCl2 to prepare the various test
concentrations.
A study on the applicability of the method was performed in order to
investigate the stability of benfluralin. The stability of the test compound was
investigated in 0.01 M CaCl2 solution and in solution that had been
preconditioned with soil to mimic test conditions. A volume of 100 mL 0.01 M
CaCl2 was agitated during 4 hours with 20 g dry soil (all four soils in duplicate).
The aqueous phase was separated and 15 mL of this aqueous phase was treated
with approximately 30 µL benfluralin stock solution, giving a test concentration of
0.06 mg/L benfluralin. The test solution, contained in tightly closed all-glass EPA
bottles, was tumbled for 24 hours. Aliquots of the test solution were taken out and
analysed by LSC and radio-chromatography.
A preliminary study was performed to investigate the optimum conditions for
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the sorption study using all soils at soil to solution rations of 1:5 and 1:10 v/w (1.5
and 3 g dry soil, respectively, with 15 mL CaCl2 solution) at a single
concentration (0.06 mg/L). The soils were pre-conditioned with 15 mL 0.1 M
CaCl2 for 12 hours before the addition of benfluralin stock solution and were
thereafter tumbled for 24 hours. The slurries were prepared in duplicate and
analysed at intervals of 0, 4, 8 and 24 hours using the “parallel method” described
in OECD 106. The amount of test compound remaining in the aqueous layer was
quantified by LSC and radio-chromatography at each interval. The amount of
benfluralin that was reversibly or irreversibly adsorbed to soil was determined by
combustion after the soil was air dried and ground. A possible volatilization of
benfluralin from the moist soil during air drying was prevented by a previous soil
extraction with acetonitrile.
The definitive adsorption/desorption study was conducted by preparing soil
slurries containing 1.5 g dry soil an 15 mL 0.01 M CaCl2 (soil:solution 1:10).
Slurries were pre-equilibrated for 12 hours prior to the addition of benfluralin
stock solution (< 0.1 volume % acetonitrile) to produce nominal concentrations of
0.01, 0.03 and 0.06 mg/L. The concentration range was selected based on the low
water solubility of benfluralin in water (0.0648 mg/L at 20°C). Duplicate slurries
were prepared for each soil at each concentration. The slurries were equilibrated
with the test compound in the dark for a period of 24 hours using a mechanical
shaker. After equilibration, the soil and aqueous layers were separated using
centrifugation and the radioactivity in the aqueous layer quantified ‘directly’ by
LSC. The radioactivity in the soil layer was quantified ‘indirectly’ by subtracting
the amount in the aqueous layer from the total applied radioactivity.

Two

desorption steps were performed by removing the entire aqueous layer and
replenishing with an equal amount of fresh 0.01M calcium chloride solution. The
soil slurries were shaken for a further 24 hour period prior to centrifugation,
separation and quantification as before. Following the second desorption step, the
soil layer was extracted twice with acidified methanol and the soil extract
quantified by LSC. This step was included to minimise any volatilization of
benfluralin from the soil pellet during the drying process. The amount of
radioactivity remaining in the soil residue was quantified by combustion.
Furthermore, the soil extracts were chromatographically analysed by TLC to
confirm the stability of benfluralin over the duration of the study period. Nonradiolabelled benfluralin was used as authentic reference standard. LSC LOD was
determined to be 0.5% for the low dose samples and 2.8 % for the high dose
samples.
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Table 8.1.2.1-1: Soil characteristics.

Results and conclusions
No significant degradation of benfluralin was observed in the CaCl 2 solution with soil matrix over 24 hours.
There was also no significant adsorption to glass. The analysis of the acidic methanol extracts after the desorption
steps showed only benfluralin. The material balance was 91.2 – 109.5 %.
The adsorption of benfluralin was found to give a good correlation to the Freundlich equation (R2 > 0.97). The
soil partition coefficient (KD) for adsorption ranged from 61.2 to 290.1 mL/g for all soils over all concentrations
tested. The Freundlich adsorption coefficient (Kf) for adsorption was determined to be 129.6 to 2027 mL/g and
the Freundlich exponent (1/n) 1.055 to 1.302 (mean 1.149). Normalised for organic carbon content the Freundlich
adsorption coefficient (Koc) was 10736 to 53345 mL/g (geometric mean 18155.3 mL/g). Adsorption to soil was
significant for all soil types and greatest for the soil with the highest organic matter content. The amount of the
test compound adsorbed to the soil layer after the adsorption phase ranged from 85.7% to 96.8% AR (mean 92%).
For the purpose of an overall mean Koc value for any subsequent assessments, the loam soil was excluded due to
its unrepresentative nature and favourably high KOC value, as in the previous evaluation.
The Kf and Kfoc-values for the adsorption and desorption of benfluralin in the definitive test are presented in
Tables 8.1.2.1-2 and 8.1.2.1-3. Graphical fits of the four soils are presented in Figure 8.1.2.1-1.
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Table 8.1.2.1-2. Adsorption parameters of benfluralin in four soils.
Soil (location)

OC%

pH (CaCl2)

Kf [ml/g]

r2

Kfoc
[ml/g]

1/n

Silty clay (Bergen-Enkheim)

2.07

7.3

272.7

0.997

13174

1.139

Silt loam (Hofheim)

1.44

5.8

154.6

0.978

10736

1.055

Sand (Standard LUFA 2.1)

0.9

5.2

129.6

0.988

14400

1.099

Loam (Volcanic M634)

3.80

5.2

2027.1

0.983

53345*

1.302*

*the soil was not included in the overall mean due to its unrepresentative nature for normal agricultural soils

Table 8.1.2.1-3. Desorption parameters of benfluralin in four soils.

Figure 8.1.2.1-1. Graphical fits of the Freundlich isotherm in all four soils.
Only three concentrations were used due to the low water solubility of the compound, however the data showed a
very good linearity in the range tested.
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The results show a very high adsorption of benfluralin in the three non-volcanic soils with Koc values ranging
from 10736 to 14400 mL/g (geometric mean 12676 mL/g) for the soils with organic carbon content ranging from
0.9% to 2.07 %. An extreme Koc value was obtained for the volcanic loam soil probably due to its high organic
carbon content (3.8%). There was no direct correlation between the distribution coefficients Kd/Koc and the pH of
the soils.

RMS comments and conclusion
The study generally followed the OECD Guideline 106. Some deviations were:
-

The study did not use blank or control samples

-

The study only used three test concentrations due to the low water solubility of benfluralin. The Co-RMS
noted that the range of tested concentrations does not cover the recommended two orders of magnitude.
The LOD was reported to be 0.5% AR for the low dose and 2.8% AR for the high dose. According to
OECD 106 the lowest nominal concentration tested should be at least two orders of magnitude higher
than the LOD and “this threshold safeguards the ability to perform accurate measurements even when
strong adsorption occurs (> 90%) and to determine later the adsorption isotherms”.

-

In the preliminary study, only two soil:solution ratios were tested instead of three. A soil:solution ratio of
1:25 was judged as not suitable for the test because of the high volatilization behaviour of the test item
from the aqueous phase.

-

Only four instead of five soils were tested.

-

The amount of co-solvent (acetonitrile) exceeds 1 vol% in the stock solution.

The use of the indirect method was appropriate based on a Kd*soil/solution ratio > 0.3 in all soils. The
accountability of the test item was acceptable and benfluralin represented a minimum of 98% of the radioactivity
The correlation coefficients of the Freundlich isotherms yielded satisfactory R2 values for each respective soil
tested and were all > 0.97 and the mass balances were within the acceptable range (90-110% AR). The study is
therefore considered to be valid by the RMS.

The RMS agrees that the results from the volcanic soil should be excluded. Volcanic soils have distinctive
physical and chemical properties and generally differ from the majority of soils found in Europe with respect to
mineral composition, degree of weathering and OC content and are therefore not considered representative for
Europe. A high content of amorphous iron and aluminium oxides in volcanic soils leads to an acidic pH and
variable surface charge which may have a significant impact on the sorption of a particular compound.
It could be argued that volcanic soils may be acceptable if the soil properties are within the ranges specified in the
OECD guideline 106 (which is the case for the loam in question: OC%: 3.8 (range loam: 3-4), clay%: 22 (range
loam: 15-30)), and if the soil is weathered and not of recent volcanic activity. However, based on the information
provided by the applicant, it is not clear to the RMS whether the loam is of recent volcanic activity or not.
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Reference:

Saunders, D.G., Powers, F.L., (1987) Adsorption and desorption of benefin on soil

Report No.:

Lilly Research Laboratories, Report No. EWD8724

Guideline:

US EPA Pesticide Assessment Guidelines, Subdivision N, Paragraph 163-1

GLP:

No

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

RMS evaluation:

The RMS is of the opinion that the results from this study should be disregarded,
after having evaluated the study against recommendations set in OECD guideline 106
and the following considerations were made:
-

In the preliminary equilibration time study, only one soil:solution ratio was used,
while it is recommended to use three ratios in order to select an appropriate
soil:solution ratio for the main experiment. For the soil types other than the sand
soil, a ratio of 1:20 was selected. Knoch and Batzer (2003) claims that a ratio of
1:25 at 20 °C is unsuitable due to the high volatilization behaviour of benfluralin
from aqueous phases.

-

The procedure of preparing stock solutions with acetone and evaporating the
acetone from the glass tubes containing stock solution is not in line with the
recommendations. Benfluralin’s adsorption to glass occurring before the addition
of 0.01 M CaCl2 and soil was not addressed in the study report. Benfluralin was
found in the methanol wash of the glass tubes at the study end. Depending on the
relative adsorption of benfluralin to glass versus soil and the reversibility of
benfluralin’s adsorption to glass tubes, adsorption of benfluralin to glass may
have impacted the results of the study. The guideline states that it is necessary to
change the material of the test vessels if adsorption to these are found, although
the presence of soil will reduce the adsorption to glass.

-

The content of 0.29 % OC in the sand soil is below the recommended minimum
of 0.3 % OC, which may disturb the correlation between organic content and
adsorption.

-

Mass balances were not measured for individual samples. Mean values of the
total DPM detected immediately after fortification of the glass tubes at each
concentrations were used to represent the mass balance at each concentration.
The RMS therefore regards the accuracy and reliability of the mass balance
results as unacceptable. The recovery of benfluralin after desorption was
occasionally highly variable, ranging from 84.8 % to 117.3 % of the total DPM
added. The applicant suggests that the recovery < 90 % (three values) might be
due to volatility. The RMS concludes that the mass balances cannot be
considered reliable.

-

The highest test concentration (0.1 mg/L) was above the solubility limit, and the
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results from this concentration should therefore be excluded. The three
remaining test concentrations should have been used to obtain adsorption results,
while five concentrations are recommended. The applicant has re-calculated
Freundlich isotherms without the top concentration and claims that these
calculations reproduce similar results as when the top concentration is included.
However, the applicant has failed to provide these re-calculations.
-

The aliquotes (2 mL) taken for analysis of benfluralin constituted 5 % of the total
volume of the solution at study start, while it is recommended that the total
volume taken for analysis not exceeds 1 % of the total volume of the solution.

-

Additional minor shortcomings were:
o

The soils were passed through #10 or #20 mesh sieves, resulting in test
soils with particles of < 2.0 mm or < 0.85 mm, respectively, and
different surface area:volume ratios and susceptibility to adsorption. It
is not specified which mesh sieves that were used for the different soils.

o

Test item accountability not measured.

o

The LOD and LOQ not reported.

o

Chromatography results not provided.

o

The soil:solution was not pre-equilibrated before benfluralin was added.

o

The adsorbed percentage not provided.

o

No information on the history of the field sites from where the soils
were collected nor the exact location of the sampling sites.

o

Non-GLP

B.8.1.2.2 Adsorption and desorption of metabolites
Study CA 7.1.3.1.2/01 – Scherthan 2017
Reference:

Scherthan, D. (2017) Adsorption and desorption of Benfluralin metabolite B12 in
six different soils using a batch equilibrium method

Report No.:

RLP AgroScience GmbH, Study No. AS533

Guideline:

OECD Guideline for Testing of Chemicals, No 106,
US EPA Fate and Transformation Test Guidelines OPPTS 835.1230

GLP:

Yes, except for determination of water holding capacity at pF 2.5 for all soils.

Guideline deviations:

Some deviations were stated by the applicant concerning sampling time and
temperature during the study (see RMS comments and conclusions).

Acceptability:
Previous evaluation:

Submitted for the purpose of renewal.
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Co-RMS: NL
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Material and methods:
Test material:

B12 metabolite (4-hydroxy-3,5-dinitrobenzotrifluoride). Product name: 2,6-Dinitro4-(trifluoromethyl)phenol

Lot/Batch No:

E0117

Purity:

≥ 97.8 % (GC)

Test concentration:

The definite adsorption/desorption tests were conducted at five concentrations. The
range of concentrations were chosen in order to cover two orders of magnitude,
resulting in concentrations of 0.982, 0.318, 0.101, 0.032 and 0.010 mg/L. Actual
concentrations of the test item were determined by HPLC-MS/MS.

Reference substances:

B12 (4-hydroxy-3,5-dinitrobenzotrifluoride), CAS Number 393-77-1, Lot No.
E0117

Test conditions:

In the dark at 20 ± 2°C. However, during the main test, the temperature reached
values about 22℃ (max 22.3℃) on two occasions for a short time (< 1 day). The
average temperature remained at 20.3℃. Due to the shortness of the temperature
shortfall and the uniqueness of this incident this deviation did not alter the results of
the study

Sampling time points:

Preliminary test I: 24 hours
Preliminary test II and advanced/definitive test (tier III): 48 hours
Further explanation of sampling times in the adsorption tests: One interval at 48 h
was done and compared to the 24 h samples of the preliminary test I. The
equilibrium time was reached after 48 hours. Due to the stability of the test item
within the 24 hours in the preliminary test I, this deviation did not alter the results
of this study.

Desorption test: 2, 4, 24 and 48 h
Method of analysis:

Adsorption/desorption was investigated using a batch equilibrium method. HPLCMS/MS was used for determination of the test item in the aqueous solutions as well
as in the soil extracts. Calculations were performed using MS Excel and the data
evaluation softwear MultiQuant 3.0.2 was used for evaluation of the results.

Sensitivity of analysis:

The limit of quantification (LOQ) was estimated to 0.02 mg/kg for soil and 0.1
µg/L for the CaCl2 solution, corresponding to 1% of the initial amount applied in
this study. The limit of detection (LOD) was 0.01 µg/L for the CaCl2 solution and
0.002 mg/kg for soil.

Test system and

The adsorption and desorption of benfluralin metabolite B12 was investigated in six

conditions:

soils, see soil parameters in Table 8.1.2.2-1. The different soils were prepared
slightly different, however they were all dried and passed through a 2 mm sieve.
The soil moisture content was determined using a drying cabinet. The soil samples
were pre-equilibrated with 90% of the target volume of 0.01 M CaCl 2 solution by
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shaking for at least 16 hours at 20°C prior to application of the test item.
Both Calcium Chloride solution (0.01 M CaCl2 solution; SL I) and a standard stock
solution (SSL I) with 10.2 mg of test item dissolved in 10 mL acetonitrile/water
(1/1, v/v) were prepared. Application solution for preliminary test I and II (PRE I
and II) was prepared by diluting 2.5 mL of the SSL I 1:100 with SL I, resulting in a
total volume of 250 mL. The application solution for advanced test of
adsorption/desorption

tests

were

conducted

at

five

concentrations.

The

concentrations were prepared by diltuing 2 mL of the SSL I 1:100 with SL I,
resulting in a total volume of 200 mL. The application solution was further diluted
with SL I to cover concentrations ranging two orders of magnitude.
Preliminary study was conducted to investigate the optimum conditions for the
sorption study using all six soils. Preiliminary test I was performed to investigate
appropriate soil to solution ratio. This was done by testing five different
soil/solution ratios using five different soil concentrations and 2 mL of the
application solution PRE I. Final concentration of organic solvent was
approximately 0.05%. The test was conducted at a concentration of 1.072 mg/L.
The test vessels were shaken, followed by two centrifugation steps. Preliminary test
II was conducted to determine equilibration time for adsorption and stability in 0.01
M CaCl2 solution and adsorption to surface. The time to establish equilibrium
concentration was determined at the highest concentration established for the
definitive study (0.998 mg/L) with soil/solution ratios of 1:1 (BII, IV and VI; 20 g
soil and 20 ml CaCl2 solution) and 1:2 (BI, III and V; 10 g soil and 20 mL CaCl2
solution). Test vessels were centrifuged twice and soil was extracted. Mass balance
and recovery was carried out for all soils. Soil samples were centrifuged and soils
were extracted three times with 20 mL acetonitrile. Stability and solubility of test
item in 0.01 M CaCl2 solution was checked using the highest proposed
concentration of the defined study (nom. 1 mg/L), adding 2 mL of application
solution. All test extracts were analysed by HPLC-MS/MS.
The definite adsorption study was conducted at five different test item
concentrations. The values of the stability control measurements were set as 100%
of the applied test item. The equlibration time was established to be 48 hours and
was used for the definitive test. Soils were pre-equilibrated with SL I. 10 g (BI, III
and V) and 20 g (BII, IV and VI) of dry soil were weighed out. 18 mL of SL I were
applied and shaken for at least 16 hours. Afterwards 2 mL of application solution
were added. Samples were shaken for 48 hours and centrifuged twice. The volume
of the decanted supernatants were measured gravimetically (density of solution was
set equivalent to 1 g/mL), recorded and aliquots were taken for HPLC-MS/MS
analysis. The desorption kinetic experiment was performed directly after the
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desorption step at the highest concentration of 0.982 mg/L using sampling times of
2, 4, 24 and 48 hours. The same volume of 0.01 M CaCl2 solution as removed after
the adsorption step was added. At the end of the desorption cycle samples were
centrifuged and the supernatant analysed by HPLC-MS/MS. The desorption
equilibrium concentration of the test item and its total amount in the aqueous phase
were calculated based on the results of the HPLC-MS/MS analyses.
To demonstrate the validity of the analytical method at the test fasility on
specificity, linearity, accuracy, repeatability, stability of the analytical system and
end solutions, and stability of stock solution the method validation was performed.
Calculations were performed with a commercially available computer program (MS
Excel).

Table 8.1.2.2-1: Soil parameters.

Results and conclusions
The stability of the test item in CaCl2 solution was confirmed by HPLC-MS/MS in all control solutions in the
preliminary test II and advanced tests after up to 48 hours. No adsorption on the walls of the Borosilicate glass
centrifuge tube test vessels (42 mL, with Teflon® lined screw caps) were observed. The method was successfully
validated, with overall recovery of 94.9 ± 8.9%, indicating satisfactory accuracy and precision. Calibration curves
were established with correlation co-efficient r > 0.99. All values presentet in the following are the mean of
duplicate samples.
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Preliminary test I showed that that adsorption of test item depended on the relative amount of soil and incresed
with increasing soil/soilution ratios. After 24 hours of adsorption, approximately 13.8-56.8%, 12.1-33.7%, 12.739.9%, 11.2-36.6%, 11.9-63.9% and 11.3-33.0% of the applied amount was adsorbed to all six soils at the ratios
ranging from 1:1 to 1:20, respectively. pH of the aqueous phase was measured before and after contact with the
soil for 24 hours in all soil/solution ratios.

Soil/solution ratios of 1:1 (BII, IV and VI) and 1:2 (BI, II and V) were chosen for preliminary test II. Based on
results from preliminary test I and II, the equilibrium was reached after at least 24 hours of agitation. For the main
test an agitation time of 48 hours was selected. Amount of test item adsorbed was approximatley 41.6%, 36.5%,
30.8%, 43.0%, 45.8% and 36.1% for soils I to VI, respectively after 48 hours.

The distribution of the test item between the aqueous phase and the soil was measured after 48 hours. The
resulting Kd values amounted to 1.4, 0.6, 0.9, 0.8, 1.7 and 0.6 mL/g for soils I to VI, respectively, with
corresponding Koc values of 57.1, 84.5, 51.4, 68.1, 54.0 and 64.3 mL/g, respectively.

The mass balance recovery showed overall recoveries of 95.6%, 97.6%, 96.8%, 99.8%, 99.8% and 98.2% of the
initial amount applied for soils I to VI, respectively. No loss of the test item was observed with the control samples
showing good recoveries (90.1 and 92.3% of applied, single values). Blank samples showed only background.

Advanced tests were conducted with soil/soiltion ratios of 1:1 and 1:2. The distribution between aqueous phase
and soil after 48 hours of adsorption was measured. At the highest concentration 0.982 mg/L, about 35.4%, 21.1%,
16.3%, 34.55, 40.7% and 30.1% of the initial amount applied was adsorbed to soils I to VI.

The results obtained were evaluated by applying the linear Freundlich equation. The linear adsoroption isotherm is
graphically presented in Figure 8.1.2.2-1 to Figure 8.1.2.2-6 and the resulting constants KF, KF,OC and 1/n in Table
8.1.2.2-2. The Freundlich adsorption constants KF of the test item were calculated to be 1.09, 0.29, 0.39, 0.53, 1.35
and 0.44 mL/g for soils I to VI, respectively, while the K F,OC of the test item were calculated to be 43.78, 43.20,
22.80, 47.34, 43.20 and 50.12 mL/g respectively. The 1/n values were calculated to be 0.79, 0.76, 0.73, 0.80, 0.67
and 0.83 for soils I to VI, showing that the adsorption depends on B12 concentration. The coefficient of
determination (r2) for the linear regression of the Freundlich equation were ≥ 0.99 for all soils.
The amount of test item desorbed ranged from 31.2 – 42.5% of adsorbed for soil I, 40.3 – 51.7% of adsorbed for
soil II, 63.3 – 96.3% of adsorbed for soil III, 26.7 – 43.4% of adsorbed for soil IV, 31.7 – 47.4% of adsorbed for
soil V and 31.7 – 62.65% of adsorbed for soil VI within the 48 hours desorption experiment. The percent values
are much lower than those found in the supernatant during the adsorption phase, therefore the test item was shown
to be irreversibly bound to the soil.
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The distribution of test item between the aqueous phase and the soil after 48 hours were measured. The resulting
Kd values amounted to 6.41, 2.50, 3.21, 3.75, 6.3 and 2.71 mL/g for soils I to VI, with corresponding Koc values of
257.54, 367.43, 185.47, 337.51, 201.51 and 308.01 mL/g, presented in Table 8.1.2.2-3.

To conclude, the mean values for the Freundlich isotherm coefficients K FOC and Kdes,OC were 41.7 and 276.2 mL/g,
respectively, with 1/n mean value of 0.76.

Table 8.1.2.2-2: Advanced test: Freundlich isotherm parameters after 48 hours of adsorption

Table 8.1.2.2-3: Kdes an Kdes,OC values of the desorption samples.
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Figure 8.1.2.2-1: Advanced test: Linear Freundlich adsorption isotherm of B12 in soil Mußbach

Figure 8.1.2.2-2: Advanced test: Linear Freundlich adsorption isotherm of B12 in soil Lufa 2.1

Figure 8.1.2.2-3: Advanced test: Linear Freundlich adsorption isotherm of B12 in soil Lufa 2.2
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Figure 8.1.2.2-4: Advanced test: Linear Freundlich adsorption isotherm of B12 in soil Attenschwiller

Figure 8.1.2.2-5: Advanced test: Linear Freundlich adsorption isotherm of B12 in soil Bourg en Bresse

Figure 8.1.2.2-6: Advanced test: Linear Freundlich adsorption isotherm of B12 in soil Village Neuf
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RMS comments and conclusions
In general the study by Scherthan (2017) followed the OECD Guideline 106 (2000). The correlation coefficients
of the Freundlich isotherms yielded satisfactory R2 values for each respective soil tested and were all > 0,97 and
the mass balances were within an acceptable range (95.6 – 99.8%). The study is therefore considered to be
acceptable by the RMS. The Koc values for B12 range from 22.80-50.12 L/kg with a geometric mean of 40.51
L/kg.

There were some deviations from the OECD Guideline 106 which have been summarized below:

-

None of the six different soils used in the study had a particularly high content of clay compared to the
guidance for selection of soil samples for adsorption-desorption in OECD Guideline 106 (2000).
However, the RMS considers that the soils adequately cover a range of different properties.

-

The transport and storage conditions of the soils were not given.

-

It is not stated if the analytical method included blanks. Blanks were only mentioned in connection with
the results of mass balance/recovery and stability and associated chromatograms and the chromatograms
of supernatants of adsorption (advanced test), which consisted of acetonitrile/water, 1/1, v/v. In
accordance to the OECD Guideline 106 (2000) there should have been one blank run consisting of the
system soil + CaCl2 solution (without test substance) for the main analytical method, a blank run per soil
for the selection of optimal soil/solution ratio in the preliminary test I, one blank in each experiment (one
soil and one solution) for the preliminary test II.

-

The study does not explain why the soil/solution ratios of 1:1 and 1:2 were chosen for the preliminary test
II and the advanced test, based on the results from preliminary test I. The RMS does however note that
the ratios that have been used result in adsorption of the test substance within the amounts recommended
in the OECD Guideline 106 (> 20 %).

-

The OECD Guideline 106 (2000) states that analysis should preferably be done approximately after 2, 4,
6, 8 (possible also 10) and 24, and extended to a maximum of 48 h. Multiple sampling time points (2, 4,
24 and 48 hours) were only employed for the desorption experiment (serial method). For the
determination of adsorption equilibration one sampling was done after 24 hours for preliminary test I and
one sampling after 48 hours for preliminary test II and the advanced test (tier III). The applicant states
that the results from the preliminary test I demonstrate that benfluralin is stable after 24 hours and that
results from preliminary test II demonstrate that equilibrium is reached after 48 hours. Even though more
sampling intervals could have been used to further investigate the time of when equilibrium is reached,
the RMS agrees that the amount B12 adsorbed in the preliminary test II at 48 hours is slightly higher than
after 24 hours in preliminary test I, indicating that an equilibrium is reached after 48 hours.

-

During the main test, the temperature reached values about 22℃ (max 22.3 ℃) on two occasions for a
short time (< 1 day). The average temperature remained at 20.3 ℃. The guideline recommends
temperature between 20 and 25 °C and that the temperature should be kept constant during the tests if
possible. Hence, a constant temperature of 20 °C is not an absolute requirement and therefore the RMS
does not consider that this is a critical deviation from the guideline.
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B.8.1.3

Mobility in soil

B.8.1.3.1 Column leaching studies
Study CA 7.1.4.1.1/01 – Saunders and Powers 1991

Reference:

Saunders, D.G. and Powers, F.L., (1991) Benefin Aged Soil Leaching Study

Report No.:

Formulations & Environmental Chemistry Laboratory, DowElanco, Report No.
AAC9048

Guideline:

US EPA Pesticide Assessment Guidelines, Subdivision N, Paragraph 163-1

GLP:

Yes

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

RMS evaluation:

The RMS is of the opinion that the results from this study should be disregarded,
after having evaluated the study against recommendations set in OECD guidelines
312 and having made the following considerations:
-

For ageing of the test substance prior to leaching, fresh soil (not previously airdried) should be used. In this study, the soil to be used for aging of the test
substance (soil 2) was treated with lime suspended in water in order to raise pH
from 4.9-5.7 to 7. Then, it was air-dried and sieved. Lastly, it went through two
additional wetting, air-drying, and sieving cycles, and was stored at 4 ⁰C for 3
months before being used for aging of the test substance.

-

The test is not designed for chemicals which are volatile from soil and water.
This was accounted for in the soil aging, but not in the column experiment.

-

According to the guideline, the columns should be packed with the same soil
(but air-dried) as used in the ageing of the test substance (soil 2). Instead,
different soils were used (soils 1 and 3). As well, the soil should have a sand
content >70%, and an organic carbon content of 0.5-1.5 %. Only soil 1 fulfils
this requirement. More soil types (such as soil 2 and 3) may be used if it is
deemed necessary, but the soil packed into the leaching columns should still be
equal to the soil used for aging the test substance.

-

The 3 cm layer of aged soil at the top of the columns should have been analysed
separately, in order to determine how much of the aged residue is retained after
leaching. It was instead analysed together with 3 cm of untreated soil.

-

Purity of chemicals/solvents not specified.

-

No reference substance used.

-

The soil columns seem to have been pre-wetted with artificial rain after the test
substance (in the form of aged soil residues) had been packed into them. Unclear
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whether this pore volume/fraction was collected and analysed, or allowed to
drain and discarded.
-

Soil columns used in leaching study had an inner diameter of 3,6 cm and a length
of 30 cm, which is below the minimum required measurements of 4 cm inner
diameter and 35 cm length.

-

Artificial rain seems to have been added to the columns in portions, approx.130
mL over a period of 3-5 hours every 24 hours (in total approx.520 mL over 4 d),
instead of continuously.

-

Same sieve size not used for all test soils (soil 2 & 3 passed through 2 mm sieve,
soil 1 passed through 0.85 mm sieve).

-

Lacking information about collection sites for test soils (exact sampling location,
vegetation cover, soil horizon, sampling depth, information on previous
additions of pesticides, fertilizers, organic material or contaminants)

-

Microbial biomass not measured for the soil (soil 2) used for aging of the test
substance prior to the aged residues leaching study.

B.8.1.3.2 Lysimeter and field leaching studies
No data available, not required.

B.8.2

Fate and behaviour in water and sediment

B.8.2.1

Route and rate of degradation in aquatic systems (chemical and photochemical degradation)

B.8.2.1.1 Hydrolysis
Study CA 7.2.1.1/01 – Knoch and Heim 2002a
Study CA 7.2.1.1/02 – Saunders et al. 1985
Reference:

Knoch, E., Heim, L. 2002a, Hydrolysis of benfluralin at pH 4, 7, and 9 according to
EEC method C7 (1993)

Company Report No.:

Institut Fresenius, Report No. IF-101/25796-00

Guideline:

EEC C.7, based on OECD 111

GLP:

Yes

Acceptability

Acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)
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Materials and methods:
Test material:

[Phenyl-U-14C]-benfluralin,

(SPS

ref.

no.

F0329-85,

specific

activity

21.9 mCi/mmol), radiochemical purity >99%
Experimental design:

The hydrolytic degradation of benfluralin was investigated in sterile aqueous buffer
solutions at pH values of 4, 7 and 9 and 50C.
Aqueous buffer solutions were prepared at a concentration of 0.02M (to minimise
potential buffer effects) at pH values of 4, 7 and 9. The buffer solutions were filtered
under sterile conditions. The pH and sterility of the buffer solutions were measured
before and after the study.
Individual aliquots of buffer solutions (200 mL) were treated with 14C-benfluralin
(dissolved in acetonitrile (175 µL, representing <0.1% by volume of the sample
volume). The individual buffer solutions were contained in cylindrical brown glass
bottles (250 mL) and incubated in a water bath at a temperature of 50°C in the dark.
At pre-selected sampling intervals of 0, 2, 3 hours and 1, 3 and 5 days, duplicate
samples for each pH value were removed for analysis. The buffer samples were
quantified by LSC prior to acidification and partition with dichloromethane. The
radioactivity partitioning into the organic phase (95.7% to 101.2%) was concentrated
by rotary evaporation under vacuum and analysed by reverse phase HPLC and
normal phase TLC.

Results and study conclusions
The mean level of radioactivity recovered from the buffer solutions ranged from 95.7% to 98.3% AR (mean 97%
AR), indicating an acceptable mass balance. Chromatographic analysis of the buffer solutions by HPLC showed
that no appreciable degradation had occurred after 5 days incubation at a temperature of 50°C and therefore no
further testing was performed.
Benfluralin is stable to hydrolysis. Since <10% degradation of benfluralin was observed at 50°C, equivalent to
a half-life of >1 year under typical environmental conditions (i.e. 25°C), no further testing was performed and
hydrolytic degradation is not expected to be a significant route of dissipation of benfluralin in the environment.

RMS comments and conclusions
The study is considered acceptable.

Reference:

Saunders, D.G., Smith, S.K., Mosier, J.W. 1985, Hydrolysis of the herbicide
benefin in aqueous buffer solution

Company Report No.:

Lilly Research Laboratories, Report No. EWD8447

Guideline:

No guidelines specified. Apart from minor deviations, the study meets the
requirements of the recommended guidelines (EEC Method C7).
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GLP:

No

Acceptability

Acceptable for providing supportive information.

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

Materials and methods:
Test material:

Benfluralin, (lot no. and purity not reported)

Experimental design:

The hydrolytic degradation of non-radiolabelled benfluralin was investigated in sterile
aqueous buffer solutions at pH values 5, 7 and 9 in the dark at a temperature of 26°C.
Solutions of benfluralin at a concentration of 0.05µg/mL were prepared in sterile buffers
(0.1M), pH 5 (acetic acid), pH 7 (potassium phosphate monobasic) and pH 9 (sodium
bicarbonate) adjusted to the correct pH with sodium hydroxide (0.1M). The buffer
solutions were sterilised by autoclaving. Buffer solutions were analysed for benfluralin
content over a period of 30 days by GC with EC detection.

Results
The measured concentration increased with increasing incubation time, which might be to the low solubility.
However, no degradation was observed and confirms the stability of benfluralin.

RMS comments and conclusions
The RMS considers the study results as supportive information on the hydrolytic degradation behaviour of
benfluralin. The study was non-GLP and briefly presented. Recoveries (mean of duplicates) ranged from 89 % of
the applied amount at pH 7 (30 days) to 118 % of the applied amount at pH 5 (23 days), which is within the
acceptable range for non-radiolabelled compounds.

B.8.2.1.2 Photochemical transformation in water
Two studies were available on the direct photolysis of benfluralin in water (Knoch and Heim, 2003b and Ding,
2016). The study by Ding (2016) was conducted by the applicant because there were unknown degradates that
exceeded 5% AR in two consecutive time points in Knoch and Heim (2003b). The RMS notes that only
degradates ≥ 10% need to be identified in photochemical transformation studies and that the study by Ding
therefore is not necessary. It has however been included in the assessment, as the calculated DT50 and quantum
yield from Knoch and Heim (2003) are considered less reliable than the DT50 and quantum yield obtained in
Ding, 2016.

Study CA 7.2.1.2/01 - Knoch and Heim 2003b
Study CA 7.2.1.2/02 – Ding 2016
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Reference:

1. Knoch, E., Heim, G. (2003b), Aqueous photolysis of benfluralin at pH 5 according
to SETAC, Part 1, Section 10 (March 1995)
2. Mamouni A., Jarvis T. (2016), Determination of rates of decline for benfluralin and
its metabolites, in soil and aquatic system according to the guidance within the FOCUS
Kinetics Guidance Document

Report number:

1. Institut Fresenius, Report No. IF-101/25798-00
2. Exponent International, Report No. 1507382 UK0 – 1898

Guidelines:

1. SETAC 1995
2. FOCUS kinetics Guidance (2006, 2014)

GLP:

1. Yes
2. No (calculations)

Acceptability:

Acceptable

Previous evaluation:

1. In DAR (2006) / Corrigendum (2007)
2. Submitted for the purpose of renewal

Methodology
Test material:

[Phenyl-U-14C]-benfluralin, (SPS Ref No. F0329-85, specific activity: 21.9 mCi/mmol),
radiochemical purity: 98%)
14

Knoch and Heim

The photodegradation of

C-benfluralin was investigated in sterile aqueous buffer

(2003b):

(pH 5) under artificial sunlight in cylindrical vessels covered with quartz glass at 20 °C.
The exposed duplicate samples were taken for analysis at intervals over a period of
7 days taken at two separate time series (First: zero, 0.5, 1, 2, 4 and 8 hours; Second:
zero, 1, 3 and 7 days). The test solutions taken at sampling times > 8 hours were
maintained under a dynamic atmosphere of air, and air leaving the system was passed
sequentially through a series of traps to collect any CO 2 (2 N NaOH) and organic
volatile products (2-methoxy ethanol). Confirmation of CO 2 was carried out by BaCO3
precipitation when levels ≥ 2 % AR was found in the NaOH solution. Dark control
specimens were maintained light protected at the same temperature, but with no
aeration.
Solutions of

14

C-benfluralin were prepared at a concentration of 0.03 mg/L in pH 5

buffer using acetonitrile (< 1%) as a co-solvent. The buffer consisted of 0.1 M
monopotassium citrate and 0.1 N sodium hydroxide diluted with reagent water to give a
final buffer strength of 0.02 M.
The treated samples were continuously exposed to an artificial light source (Xenon
burner) using Heraeus Suntest CPS accelerated exposure machine. A filter blocked
wavelengths < 290 nm. A uranyl nitrate/oxalic acid actinometer was used to determine
the number of photons penetrating the test solutions cells. Recovery of evolved volatile
components was performed using sodium hydroxide (2N), scintillation cocktail and 2methoxy ethanol traps.
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Samples taken for analysis were acidified to pH 2 and partitioned with
dichloromethane. The organic phases of the partition were concentrated under vacuum
and analysed chromatographically by normal phase TLC.
The aqueous photolysis rate of benfluralin was calculated using the Quantaus
program (version 1.13: May 27, 1994, supplied by AgrEvo) assuming first order
kinetics. The GCSolar program (version 1.20, U.S. EPA release, July 1999) was used to
estimate the environmental half-life of benfluralin in an aquatic system in summer and
winter months at latitudes of 40 and 50 °N.
Mamouni and Jarvis

Single first order (SFO) and first order multi compartment (FOMC) photolysis rates of

(2016)

benfluralin were calculated using CAKE software. The photolysis rates were not
corrected for the minimal degradation observed in the dark control samples.

Results from Knoch and Heim (2003b)
The recovery and distribution of the applied radioactivity in the buffer solutions for the exposed samples and dark
controls is summarised in Table 8.2.1.2-1.

The overall recovery of radioactivity ranged from 94% to 108.6% AR (mean 100% AR) for the exposed samples
and 96.1% to 105.5% AR (mean 102% AR) for the dark controls, indicating an acceptable mass balance. The
amount of AR recovered from the exposed samples in the buffer solutions steadily decreased from 103.9 %
initially to 45.3% after 7 days. Significant amounts of CO2 were evolved, reaching 49.5% AR after 7 days. A
small amount of organic volatile components was evolved comprising 4% AR after 7 days.
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Table 8.2.1.2-1: Recovery and distribution of radioactivity from aqueous buffers exposed to xenon light
(and dark controls).
Volatile components
Sampling interval
Buffer solutions
Total
Carbon dioxide
Organic volatiles
(hours)
(% AR)
(% AR)
(% AR)
(% AR)
Exposed samples*
0
0.5
1.0
2.0
4.0
8.0
1 day
3 days
7 days
Dark controls
0 hour
1 day
3 days
7 days

103.9
102.1
97.8
94.8
94.0
96.1
73.5
67.0
45.3

n.p.
n.p.
n.p.
n.p.
n.p.
n.p.
31.0
39.5
49.5

n.p.
n.p.
n.p.
n.p.
n.p.
n.p.
0.6
2.1
4.0

103.9
102.1
97.8
94.8
94.0
96.1
105.1
108.6
98.8

103.3
104.4
105.5
96.1

n.p.
n.p.
n.p.
n.p.

n.p.
n.p.
n.p.
n.p.

103.3
104.4
105.5
96.1

n.p. not performed.
*results given in mean values of duplicate samples

Chromatographic analysis of the buffer solutions is summarised in Table 8.2.1.2-2. The levels of benfluralin
recovered from the buffer solutions exposed to the artificial light source declined rapidly from 103.4 % AR
initially to 7.7 % AR after 8 hours exposure. In the dark controls the levels recovered were 102.5 % AR during
this time period.

Photolysis of benfluralin led to the formation of 4 major degradation products (> 10% AR) and numerous minor
unidentified components. The components 371R (propyl benzimidazole), 372R (methyl benzimidazole) and 379R
(ethyl propyl benzimidazole (U6#1)) were observed at maximum levels of 15.4% (8 h), 15.8% (2 h) and 15.1%
AR (8 h), respectively. These metabolites were formed via reduction, dealkylation, and cyclisation pathways.
Metabolite 358R (des-alkyl benfluralin diamine) was observed at a maximum level of 11.9% AR (1 day) and was
formed by the reduction of the nitro group and dealkylation of both N alkyl moieties. Further photolysis of 372R
led to the formation of 373R, which was observed at a maximum level of 6.3% AR (4 to 8 h). All of the identified
metabolites were shown to be subsequently readily degraded and were therefore regarded as transient in nature.
The amount of other unidentified components detected increased to a maximum level of 33.8% AR after 3 days
and then declined. Further analysis of the buffer solutions by reverse phase TLC indicated that none of the
unidentified components individually exceeded 10 % AR.
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Table 8.2.1.2-2: Radiolabelled components extracted from buffer solutions (normal phase TLC).
Profile of components (% AR)
Interval
max
(hours) 1 Benfluralin 371R
372R
373R
358R
379R
all unks
unk2
Exposed samples*
0
103.4
n.d
n.d
n.d
n.d
n.d
n.d
n.d
3
3
0.5
95.43
n.d
3.0
n.d
2.0
-n.d
n.d
3
3
1.0
80.43
n.d
8.5
1.9
5.7
-n.d
n.d
2.0
62.233
5.0
1.3
6.2
--3
2.6
2.6
15.8
4.0
22.8
11.1
13.1
6.3
11.0
11.7
16.0
9.2
8.0
7.7
11.4
6.3
10.7
26.7
15.5
15.4
15.1
1 day
n.d
10.2
11.7
5.3
n.d
33.6
19.6
11.9
3 days
n.d
9.6
9.8
4.9
8.4
n.d
33.8
20.2
7 days
n.d
6.3
7.8
2.9
6.3
n.d
21.9
12.3
Dark controls
0
102.2
n.d
n.d
n.d
n.d
n.d
n.d
n.d
1 day
102.5
n.d
n.d
n.d
n.d
n.d
1.0
1.0
3 days
102.1
n.d
n.d
n.d
n.d
n.d
2.4
1.5
7 days
95.6
n.d
n.d
n.d
n.d
n.d
n.d
n.d

Total
(% AR)

103.4
100.4
96.5
93.1
92.0
93.3
72.7
66.5
45.2
102.2
103.5
104.5
95.6

n.d – not detected.
1
The sampling intervals are given in terms of exposure to the artificial light source.
2
The values given for the maximum individual unknown component represent those obtained by normal phase TLC analysis. Further analysis
by reverse phase TLC indicated that the maximum unknown component was composed of multiple regions each comprising < 10% AR.
3
For these samples, benfluralin and 379R (U6#1) were not chromatographically resolved. The figure presented therefore represents the
combined total of the two components.
*results given in mean values of duplicate samples

The Quantaus program calculated a photolysis rate (DT50) for benfluralin of 2.1 hours (fit: 0.99232), and
determined the quantum yield () based on results from the first time series to be 2.12 x 10 -5 molecules per
photon. The relative intensity of the artificial light source was determined to be 3.57 sun hours per instrument
hour.

The GCSolar program and the calculated quantum yield were used to estimate the environmental half-life of
benfluralin in an aquatic system in summer and winter months at latitudes of 40 and 50°N. The results are
summarised in Table 8.2.1.2-3. The estimated half-life of benfluralin near the surface of a water body (5 cm) was
estimated to be 18.0 to 18.9 hours during summer months at latitudes between 40 and 50 °N and longitude 350
°W. It should be noted that the kinetics used for the calculation of the quantum yield, especially for the first part of
the photolysis, did not give a good fit to the data, which resulted in a quantum yield that is lower and less reliable
than calculated in the study by Ding (2016).
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Table 8.2.1.2-3: The estimated half-life of benfluralin near the surface of a water body (5 cm).
DT50
Quantum yield,
Summer
Winter
Item

(290 – 490 nm)
latitude 40°N
latitude 50°N
latitude 40°N
latitude 50°N
2.12 x 10-5

Benfluralin

18.0 hours

18.9 hours

50.2 hours

118.1 hours

Note: The half-life calculations relate to the expected degradation rate of benfluralin near the surface of a water body and were performed at a
selected longitude of 350°W.

The four major metabolites and minor metabolite 373R were transient in nature, with photolysis rates reported in
the original study report to be  10 days.

Results from Mamouni and Jarvis (2016)
Aqueous photolysis DT50 results obtained using CAKE software are summarised in Table 8.1.2.1-4 and the plots
are presented in Figure 8.2.1.2-1. Acceptable statistics were obtained only with SFO.

Table 8.2.1.2-4: DT50 values for the photodegradation of benfluralin in aqueous solution.
Lower
Kinetic M0
Prob.
Substance
Parameter Value
(95%)

²
model
(%)
>t
CI
SFO
108.2 k_Parent
7.714
0.593
7.8E-8 5.7 101.4

Upper
(95%)
CI
115

DT50
/DT90
(hours)
2.2 / 7.2

Benfluralin

-1453

4.08E+3

1.8

-5259

1.19E+4

5.8

114.5

Concentration (%)

Measured and predicted
Parent,
SFO,

alpha

6.18E+3

4.03E+3

N/A

beta

615

531.7

N/A

6.3

Residual plot
aqueous
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Figure 8.2.1.2-1: Summary of benfluralin photodegradation kinetics plots in aqueous solution.
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Figure 8.2.1.2-1 continued: Summary of benfluralin photodegradation kinetics plots in aqueous solution.

Study conclusions
Benfluralin was rapidly photodegraded at pH 5, with an estimated first-order DT50 of 2.2 hours determined by
CAKE software. Four major metabolites (> 10 % AR) and numerous minor unidentified components (< 10 % AR)
were formed prior to their decline into the formation of CO 2. Metabolites 371R, 372R, 379R and 358R were
observed at maximum levels of 15.4% (8 h), 15.8% (2 h), 15.1% AR (8 h), and 11.9 % (1 day), respectively.
Further photolysis of 372R led to the formation of 373R which was observed at a maximum level of 6.3% AR.
The major photoproducts were shown to be more stable to photolysis compared to the parent. During the study
period, approximately 50 % AR evolved as CO2 and < 5 % AR evolved as volatile organics.
The quantum yield () of benfluralin was determined to be 2.12 x 10 -5 molecules per photon. The estimated
half-life of benfluralin near the surface of a water body (5 cm) was estimated to be 18.0 to 18.9 hours during
summer months at latitudes between 40 and 50 °N and longitude 350 °W. As mentioned previously, it should be
noted that the kinetics used for the calculation of the quantum yield, especially for the first part of the photolysis,
did not give a good fit to the data, which resulted in a quantum yield that is lower and less reliable than calculated
in the study by Ding (2016).
RMS comments and conclusions
The study by Knoch and Heim (2003b) is considered acceptable by the RMS. Looking at the OECD guideline
316, the following deviations were found:
-

The study was performed at 20°C (guideline recommendation 23-27°C)

The calculations by Mamouni and Jarvis (2016) are considered acceptable.

The RMS notes that the DT50 and quantum yield values calculated from the results in the study by Knoch and
Heim (2003b) are, however, less reliable than the values calculated in the study by Ding, 2016. The DT50 results
from this study are therefore not included in the list of endpoints (LoEP). The study does, however, support that
benfluralin is rapidly degraded by means of aquatic photolysis.
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Reference:

Ding, Y. (2016), Aqueous photolysis of benfluralin in pH 7 buffer under xenon light

Report number:

Dow AgroSciences LLC, Report No. 150654

Guidelines:

OECD 316 – Phototransformation of Chemicals in Water-Direct Photolysis
US EPA OPPTS 835.2240 Photodegradation in Water

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal

Material and methods:
[Phenyl-U-14C]-benfluralin,

Test material:

Lot No.: YL0-139682-88. Specific

activity: 27.1

mCi/mmol
Radiochemical purity:

98.7%

Test concentration:

Aqueous samples were treated at a mean initial concentration of 0.0323 mg a.i./L,
corresponding to approx. half of the test item’s water solubility.

Test

system

and

conditions:

Quartz test tubes with Teflon-lined screw caps were used as test vessels. Actinometers
were irradiated in the same tubes. Dark control samples and actinometers were
incubated in glass vials.
The aqueous phototransformation of radiolabelled benfluralin was studied at 25 °C
by continuous irradiation using a xenon lamp corresponding to 4.7 days of summer
sunlight at 40 °N latitude. Irradiated samples were prepared by adding 154 μL of the
14

C-benfluralin dosing solution in acetonitrile to 50-mL quartz tubes and immediately

adding 40 mL of buffer solution. This application procedure was chosen in order to
reduce volatile losses of benfluralin and due to the low water solubility of benfluralin.
Test vessels were connected to traps for the collection of CO 2 from irradiated
samples, and foam plugs were used to trap organic volatiles for both irradiated and dark
control samples.
PNAP/pyridine chemical actinometer solution was used to quantitate the amount of
light that the samples received for quantum yield calculation. Based on actinometer
data, 18 days of continuous irradiation was equivalent to 4.7 days of irradiation in the
summer sun at 40 °N latitude.
Buffer characteristics:

Sterilized phosphate solution adjusted to pH 7.

Sampling time points:

Samples were analysed at ten time points for the irradiated and dark control samples (0,
0.5, 1, 2, 4, 6 hours and 1, 4 7, 18 days after treatment). The pH of the samples after 6
hours was monitored using surrogate samples which were dosed and incubated in the
fashion of irradiated and dark samples.

Method of analysis:

The aqueous samples and foam plugs were subjected to radiochemical quantification by
LSC and chromatographic analysis by UHPLC after extraction with dichloromethane.
Non-extractable residues in the bottom of the foam plugs were analysed using LSC.
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Representative samples of foam extract were analysed to show that the majority of the
radioactivity captured by foam as volatiles was benfluralin.
Identification of transformation products was done by co-chromatography of
reference standards and LC-MS analysis. Samples from the caustic traps were after
precipitation with BaCl2 analysed using LSC to confirm the radioactivity as 14CO3-2.
Sterility checks were performed for the experimental solutions for each sampling
point after 6 hours. The test systems were under sterile conditions for this time period
of the experiment.
LOQ for HPLC was 3% AR (LOD was 1% AR).
Kinetic analysis:

A single first order (SFO) photolysis rate of benfluralin was calculated using CAKE
software (v. 2.0). The kinetics assessment was performed according to FOCUS
guidance.

Results
Irradiated sample mass balances averaged 92.8% ± 3.1% (83.3% to 96.8%). Dark control sample mass balances
averaged 95% ± 3% (98.2 to 100%). The results are presented in Tables 8.2.1.2-5 and 8.2.1.2-6.

After 6 hours of incubation, volatilization of benfluralin was observed from both irradiated and dark control
samples. After 18 days of incubation, less than 1.0% of the applied amount remained as parent in the aqueous
phase of the dark samples. The majority of radioactivity (average of 99% AR) escaped from the dark sample
aqueous phase as benfluralin and was captured by the foam plug. Apart from volatilization, no degradation
occurred in the dark control samples.

It was considered that the significant amount of radioactivity volatilized from the test system as benfluralin after 6
hours was to be rapidly photodegraded in air. Therefore, only the results until 6 hours of incubation were regarded
to be reliable as aqueous photolysis data and only these were used for the photodegradation kinetics assessment.
The results are presented in Table 8.2.1.2-7 and Figure 8.2.1.2-1.

In the irradiated samples, benfluralin decreased from 97.7% on time 0 to 57.7% AR after 6 hours. In the dark
control samples, benfluralin represented 94.6% AR after this period. Benfluralin decreased by further photolysis
and volatilization to less than 5% AR after 1 day of irradiation, where it represented 34% to 60% AR in the dark
control samples.

Benfluralin was photodegraded to numerous photoproducts (Table 7.2.1.2/02-1). Only three metabolites exceeded
10 % AR and were identified as 358R, 371R and 372R with maximum concentrations of 14.6% (day 1), 10.8%
(day 4) and 20.9% AR (day 4) in single samples, respectively. Maximum averages of duplicate samples were as
follows: 358R: 14,1%, 371R: 9.8%, 372R: 19.8%. Since these photodegradates did not reach the maximum
amounts within the first 6 hours of radiation, no kinetics were calculated for them.
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In the irradiated samples, the amount of

14

C in the caustic traps increased to an average of 10.5% AR (18 days),

and the majority of the radioactivity was proved to be

14

CO2. The amount of

14

C in the foam increased to an

average of 20.7% AR (18 days).
The quantum yield of benfluralin photolysis was 3.18 x 10-3. The predicted environmental photolytic half-life
derived from the measured half-life at continuous irradiation (DT50 = 0.32 days/7.8 hours) was calculated to be
0.07 days (1.7 hours) at 40 °N latitude in summer sunlight, and the expected DT 90 was 0.23 days (5.5 hours).

Table 8.2.1.2-5: Profile of radioactivity components extracted from irradiated buffer solutions.
Interval
(hours)

Profile of components (% AR)*
Buffer

Exposed samples
0h
95.8
0h
95.4
30 m
90.8
30 m
92.7
1h
93.5
1h
95.6
2h
89.0
2h
94.8
4h
93.8
4h
94.6
6h
83.3
6h
93.0
Day 1
66.8
Day 1
77.8
Day 4
72.1
Day 4
70.9
Day 7
68.2
Day 7
67.8
Day 18
57.3
Day 18
54.3

Benfluralin**

371R

372R

358R

14

96.5
99.2
100.6
91.4
79.4
86.0
81.4
84.3
74.7
71.3
46.9
57.7
4.1
4.9
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
2.0
1.6
1.9
2.6
5.1
5.4
7.8
9.3
10.8
8.8
10.2
8.9
7.8
5.8

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
2.3
2.3
3.1
4.0
6.7
6.5
10.7
13.3
20.9
18.6
15.3
12.6
6.6
4.6

n.d.
n.d.
n.d.
n.d.
1.1
1.7
3.3
2.6
3.5
5.3
9.2
9.1
13.5
14.6
8.2
3.9
5.5
4.7
3.8
3.1

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
0.3
0.4
1.7
2.1
5.9
2.0
10.0
11.0

CO2

Foam
extract

Foam
NER

N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
10.3
4.8
2.8
4.2
3.7
4.3
4.0
5.5

N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
17.9
13.8
16.0
16.6
15.5
14.7
20.8
20.5

Total
(% AR)

95.8
95.4
90.8
92.7
93.5
95.6
89.0
94.8
93.8
94.6
83.3
93.0
95.3
96.8
92.7
93.8
93.3
88.8
92.1
91.3

N.S.:. Not set up in test system, hence no sampled.
N.F.S.: No foam was setup
NER: non extractable residues
* Other than the benfluralin, 372R, 358R and 371R identified in the aqueous phase of irradiated samples, numerous aqueous photodegradation
products were observed accounting for an average of up to 40% AR in aqueous. However, none of them was >5% AR.
** Values of 0 DAT and 30 min samples might be slightly higher than the total radioactivity due to the data variation and that the SPE
concentration recovery may be slightly over 100%.
Note: The following codes are used for the degradation products: 371R – propyl benzimidazole / 372R – methyl benzimidazole / 358R - desalkyl benfluralin diamine.
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Table 8.2.1.2-6: Profile of radioactivity components extracted from dark control buffer solutions.
Sample
interval
(hours)

Profile of components (% AR)*
Total (% AR)
Buffer

Exposed samples
0 h**
95.8
0 h**
95.4
30 m
93.5
30 m
93.3
1h
95.9
1h
94.4
2h
94.1
2h
94.5
4h
92.5
4h
92.1
6h
89.2
6h
93.3
Day 1
53.7
Day 1
32.5
Day 4
14.7
Day 4
19.8
Day 7
10.4
Day 7
2.0
Day 18
1.0
Day 18
0.7

Benfluralin

14

Foam extract

Foam NER

96.5
99.2
95.8
95.0
96.1
95.4
94.3
92.7
90.1
95.5
91.5
97.6
60.0
34.4
16.0
20.7
11.4
2.4
N.S.
N.S.

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
37.6
63.4
81.1
77.8
87.6
96.8
98.6
99.3

N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.F.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

CO2

95.8
95.4
93.5
93.3
95.9
94.4
94.1
94.5
92.5
92.1
89.2
93.3
91.3
95.9
95.8
97.6
98.0
98.8
99.6
100.0

N.S.: Not sampled / N.F.S.: No foam was setup
* only benfluralin was detected in both aqueous and foam extract solutions
** from the irradiated samples (time 0)

Table 8.2.1.2-7: DT50(lab) values for the rate of photodegradation of benfluralin in aqueous solution.
Substance

Kinetic
model

M0

Parameter

Value



Benfluralin

SFO

97.46

k_Parent

2.149

0.257 4.01E-6

n.r.: not reported

Prob. >
t

²

Lower
(95%)
CI

3.7 91.88

Upper
(95%)
CI

DT50/ DT90
(days)

103

0.32 / 1.07
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Figure 8.2.1.2-1: Summary of benfluralin kinetics plots in accordance with FOCUS in aqueous photolysis
study using CAKE software.
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Study conclusion
Benfluralin was rapidly photodegraded under artificial light in aqueous solution with a DT 50 of 7.8 hours. Based
on its determined quantum yield of 3.18 x 10-3, environmental half-life and DT90 values for photolysis at 40°N
latitude in the summer sun of 0.07 and 0.23 days (1.7 hours and 5.5 hours), respectively, were calculated.

Benfluralin was photodegraded to numerous photoproducts. Based on average values from duplicate samples two
metabolites exceeded 10% AR and were identified as 358R (des-alkyl benfluralin diamine) and 372R (methyl
benzimidazole) with maximum concentrations of 14.1% (day 1) and 19.8% AR (day 4), respectively.

RMS comments and conclusions
The study by Ding (2016) is considered acceptable. The RMS has noted the following minor deviations from the
OECD 316 Guideline:
-

Irradiated samples: The recovery was below 90 % for 3 of the individual replicates (83.3 – 89% at 2
hours, 6 hours and day 7).

The RMS notes that the aqueous photolysis DT50 is fast (7.9 hours), but slower that in the Knoch and Heim 2003b
study. However, the quantum yield is higher in this study, resulting in a faster degradation rate in natural summer
light (40°N) in this study than in Knoch and Heim 2003b. These contradictory results can be attributed to the less
reliable kinetic fitting and therefore less reliable quantum yield used for calculations in Knoch and Heim 2003b. In
the study by Ding (2016), the kinetic fitting was more accurate and used only the first data points which consider
only the photolysis, without significant influence from the photoproducts, which are formed in the later intervals
and will also absorb a part of the light. The study by Ding 2016 therefore gives the most reliable values.
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B.8.2.2

Route and rate of biological degradation in aquatic systems

B.8.2.2.1 Ready biodegradability
Study CA 7.2.2.1/01 – Lebertz and Heim 2002

Reference:

Lebertz, H., Heim, G., 2002 Investigation on the ”ready biodegradability” of
benfluralin according to OECD test guideline 301D

Report No.:

Institut Fresenius, Report No. IF-101/37381-00

Guideline:

OECD 301D

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

Methods:

The ready biodegradability of benfluralin was investigated using the Closed Bottle
Test (OECD 301D) at a mean temperature of 20.6°C. The inoculum was prepared
from equal volumes of a filtered soil solution and the effluent from a sewage
plant. Solutions of the control item (sodium benzoate), the control item plus the
test item and the test item only were prepared and incubated for up to 28 days at a
temperature of 20°C. The oxygen content of the solutions was determined at
intervals of 0, 7, 14, 21 and 28 days using an oxygen electrode. The BOD of the
solutions was calculated and compared to the calculated theoretical oxygen
demand to determine the extent of degradation.

Results and study conclusion
The control item was degraded by 82% after 28 days (threshold for ready biodegradability was ≥ 60% after 7
days), therefore confirming the suitability of the inocula used. The degradation in the control + benfluralin
samples indicated that the presence of the test item did not hinder the effectiveness of the inocula used. The
minimal degradation observed in the benfluralin samples indicates that, under the conditions of the test,
benfluralin was not readily biodegradable.
Benfluralin is not readily biodegradable in the Closed-bottle-test (degradation equal to 5% of the calculated
biological oxygen demand after 28 days).

RMS comments and conclusions
The study is considered acceptable.
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B.8.2.2.2 Degradation in water
Study CA 7.2.2.2/01 – Blüthgen-Schiller 2016
Blüthgen-Schiller, N. (2016), [14C]Benfluralin: Aerobic Mineralisation in Surface Water

Reference:

– Simulation Biodegradation Test
Report number:

IES, Report No. 20150016

Guidelines:

OECD Guidelines for the Testing of Chemicals, Guideline 309: Aerobic Mineralisation
in Surface Water – Simulation Biodegradation Test; April 2004

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal

Materials and methods
Test material

[Phenyl-U-14C]-benfluralin (Lot no: YL0-139682-88). Chemical name: N-butyl-N-ethyl-2,6-

(labelled):

dinitro-4-trifluoromethylaniline-Ph-UL-14C. Specific activity: 27.1 mCi/mmol. Purity:
98.7%

Test item

Benfluralin (Lot no. 251-198-OD-118). Chemical name: N-butyl-N-ethyl-2,6-dinitro-4-

(unlabelled):

trifluoromethylaniline. Purity: 99.9%.

Experimental

Aerobic mineralisation of

method:

laboratory conditions according to OECD guideline 309. The pelagic tests were performed in

14

C-benfluralin in surface water was investigated under defined

duplicate using a high test item concentration of 32.6 µg/L and a low test item concentration
of 2.94 µg/L. Additionally abiotic samples treated at the high test item concentration were
incubated under sterile conditions in order to gain information about abiotic degradability of
the test item. The experimental set-up was adapted (following several pre-tests) due to the
critical properties (i.e. low water solubility, high volatility) of the test item. This included the
incorporation of foam plugs to the neck of the test vessel (triplicate layers) and at the inlet
and outlet of the test vessel (single layer each), respectively. These foam plugs were
previously soaked with 2% paraffin oil. For samples treated with the test item no volatile
traps were connected and the test system was not ventilated with moistened air. All glass
ware, including test vessels and materials used for further sample preparation were rinsed
previously with concentrated hydrochloric acid, acetonitrile and subsequent purified water in
order to minimise adsorption of the test substance. Samples were incubated in the dark for a
period of 17 days (high dose) and 16 days (low dose), respectively, at 20.5 ± 0.2°C with
gentle stirring of the water. Microbial activity of the test system was confirmed using a
degradability check of 14C-benzoic acid.
The water used (pH 8.2, TOC 3.6, 6.5 or 14.9) for the study was sampled twice at very
close locations. The first sampling batch “Kleebodenweg 01/16” was used for treatment of all
samples, except the low dose samples, for which the second sampling batch “Moosweg
01/16” was used.
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Samples (duplicates for the high and low dose; single samples for the sterilised systems)
were taken for analysis after day 0.17 (4 hours), 1.08 (26 hours) respectively 1.04 (25 hours)
for sterile sample, 2, 3, 4 and 17 days for the high dose. Low dose samples were taken after
day 0.17 (4 hours), 0.58 (14 hours), 1, 2, 3, 4 and 16 days. Additional duplicate samples per
dose were treated with non-labelled test item and used for parameter determination during the
incubation period. The pH, oxygen concentration and redox potential were measured in the
water of these treated and additionally untreated control samples at each sampling interval.
Immediately prior to sampling, air was sucked from the headspace of the sample for 5-10
minutes at 30 rpm. Afterwards, the entire water sample and the foam plugs of each test vessel
were processed immediately after sampling.
Immediately after sampling (air sucking), 25 mL of acetonitrile was added to the water
phase and the amount of radioactivity in the aqueous phase was determined by liquid
scintillation counting (LSC). The water phase was further partitioned using dichloromethane
and subsequently concentrated prior to HPLC analysis. The foam plugs were extracted
individually

and

combined,

respectively

using

acetonitrile/water

4:1

(v/v)

and

dimethylsulfoxide. The amount of radioactivity present in the foam extracts was determined
by LSC and after concentration the samples were subjected to HPLC analysis.

Results and discussion
The material balance included the amount of radioactivity determined in the aqueous phase and foam plugs, which
were incorporated in each test vessel. Total mean recoveries were 88.5% ± 11.3% AR (high dose), 74.8% ± 20%
AR (high dose, sterile) and 85.5% ± 12.3% AR (low dose), respectively. Results are presented in Table 8.2.2.2-1.
The low dose samples showed a continuous decrease of radioactivity in the aqueous phase from 99.3% AR (0
hours) to 17.5% AR after 16 days of incubation. The incorporated foam plugs showed an increase from 10.7% AR
at 4 hours (0.17 days) to 68% AR at the end of incubation. The radioactivity in the aqueous phase decreased
continuously from 100.3% AR (0 hours) to 7.2% AR after 17 days of incubation in the high dose samples.
HPLC analysis showed only 14C-benfluralin in both phases, the aqueous phase and foam extracts, confirming
stability of the test item in natural surface water for 17 days (high dose) and 16 days (low dose) of incubation.
Benfluralin did not degrade during the test period of 17 days but was mainly volatilized from the test system due
to its high vapour pressure. The test system according to OECD guideline 309 is not entirely suitable for the
investigation of the biodegradation of 14C-benfluralin in surface water.
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Table 8.2.2.2-1: Balance of radioactivity in surface water following application of [14C]Benfluralin. Values
in percent of applied radioactivity (AR)
High dose:
INCUBATION TIME IN DAYS

Birs
Replicate
0

0.17

1.08

2

3

4

17

100.5
100.1
100.3
0.2
0.2
0.2
<LOQ
<LOQ
<LOQ
100.7
100.3
100.5

90.1
86.7
88.4
11.7
13.9
12.8
<LOQ
<LOQ
<LOQ
101.9
100.5
101.2

36.3
42.0
39.1
42.8
49.2
46.0
<LOQ
<LOQ
<LOQ
79.1
91.2
85.1

26.5
27.5
27.0
45.9
66.1
56.0
<LOQ
<LOQ
<LOQ
72.4
93.8
83.1

26.0
15.8
20.9
54.7
59.2
57.0
<LOQ
<LOQ
<LOQ
80.7
75.0
77.9

13.3
10.1
11.7
62.6
65.8
64.2
<LOQ
<LOQ
<LOQ
75.9
76.0
76.0

6.8
7.7
7.2
88.4
87.6
88.0
<LOQ
<LOQ
<LOQ
95.5
95.5
95.5

[% AR]
Aqueous phase

Foam 1-3

Foam 4+5

TOTAL

A
B
Mean
A
B
Mean
A
B
Mean
A
B
Mean

MEAN ± SD

88.5 ± 11.3

Low dose (Birs: Batch “Moosweg 01/16” water; LOQ in foam extract: 1.49% AR):
INCUBATION TIME IN DAYS

Birs
Replicate
[% AR]
Aqueous phase

Foam 1-3

Foam 4+5

TOTAL

A
B
Mean
A
B
Mean
A
B
Mean
A
B
Mean

0

0.17

0.58

1

2

3

4

16

100.8
97.9
99.3
n.p.
n.p.
n.p.
n.p.
n.p.
n.p.
100.8
97.9
99.3

84.7
86.6
85.7
11.1
10.3
10.7
<LOQ
<LOQ
<LOQ
95.8
97.0
96.4

57.4
60.9
59.1
35.3
31.2
33.2
<LOQ
<LOQ
<LOQ
92.6
92.2
92.4

48.9
65.3
57.1
40.3
26.8
33.5
<LOQ
<LOQ
<LOQ
89.2
92.1
90.6

32.8
37.2
35.0
53.6
29.4
41.5
<LOQ
<LOQ
<LOQ
86.4
66.6
76.5

31.4
26.5
29.0
42.8
33.5
38.2
<LOQ
<LOQ
<LOQ
74.2
60.1
67.2

29.7
21.6
25.7
54.3
46.8
50.6
<LOQ
<LOQ
<LOQ
84.0
68.5
76.2

14.8
20.2
17.5
76.4
59.6
68.0
<LOQ
<LOQ
<LOQ
91.3
79.8
85.6

MEAN ± SD

85.5 ± 12.3

High dose, sterile (Birs: Batch “Kleebodenweg 01/16” water; LOQ in foam extract: 0.42% AR):
INCUBATION TIME IN DAYS

Birs
Replicate
[% AR]
Aqueous phase
Foam 1-3
Foam 4+5
TOTAL
MEAN ± SD
n.p. Not performed.

A
A
A
A

0

0.17

1.04

2

3

4

17

101.5
n.p
n.p
101.5

83.5
8.7
<LOQ
92.2

36.5
33.9
<LOQ
70.4

11.2
48.7
<LOQ
59.9

13.4
43.6
<LOQ
57.0

9.0
42.4
<LOQ
51.4

6.8
84.3
<LOQ
91.4

74.8 ± 20.0
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Study conclusions
No degradation of benfluralin was observed during the test period of 17 days, however it was mainly evaporated
from the water due to its high vapour pressure and Henry’s Law constant. The test system according to OECD
guideline 309 is not suitable for the investigation of the biodegradation of such substances. Benfluralin however
will not persist in water as its main pathway of dissipation from water will be volatilization and partitioning to
sediment due to its low water solubility and high Koc value.

RMS comments and conclusions
The study by Blüthgen-Schiller is considered acceptable by the RMS. The RMS considers that the different steps
taken to optimize the experimental design due to the test items’ “critical properties” seem appropriate.
-

The use of benzoic acid as a reference substance is agreed (the guideline states that aniline or sodium
benzoate should be used, but sodium benzoate forms benzoic acid in water)

The study illustrates the low degradation potential of benfluralin in water. For further exposure assessment,
endpoints of the water-sediment studies will be used. A discussion on the P criteria will be included in Volume 1.

B.8.2.2.3 Degradation in water/sediment system
Study CA 7.2.2.3/01 – Knoch and Heim 2002b
Study CA 7.2.2.3/02 – Mamouni and Jarvis 2016
Study CA 7.2.2.3/03 – Mamouni and Jarvis 2018

Reference:

1. Knoch, E., Heim, G. (2002b) Aerobic aquatic degradation of benfluralin
according to BBA guideline part IV, section 5-1 (1990)
2. Mamouni A., Jarvis T. (2016) Determination of rates of decline for benfluralin
and its metabolites, in soil and aquatic system according to the guidance within the
FOCUS Kinetics Guidance Document
3. Mamouni A., Jarvis, T. (2018) Determination of rates of decline for
benfluralin in water sediment according to Appendix 11 of the FOCUS Kinetics
Guidance

Company Report No.:

1. Institut Fresenius, Report No. IF-101/25543-00
2. Exponent International, Report No. 1507382 UK0 – 1898
3. Exponent International, Report No. 1507382 UK0 – 7366

Guideline:

1. BBA Part IV, Section 5-1 (December 1999)
2. FOCUS (2006, 2014)
3. FOCUS (2006, 2014)
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GLP:

1. Yes
2. No (calculation)
3. No (calculation)

Acceptability:

1. Acceptable
2. Not acceptable
3.Acceptable

Previous evaluation:

1. In DAR (2006) / Corrigendum (2007)
2. Submitted for the purpose of renewal
3. Submitted for the purpose of renewal

Material and methods:
[Phenyl-U-14C]-benfluralin, (SPS No. F0329-85, specific activity 21.9 mCi/mmol,

Test material:

radiochemical purity >99%)
Knoch
(2002b):

and

Heim

The route and rate of aquatic degradation of

14

C-benfluralin was investigated in two

representative water/sediment systems in the dark under aerobic conditions in the
laboratory at a temperature of 20°C.
Two natural water/sediment systems were obtained from sources in Germany, one
system (named Bickenbach) consisting of a sandy sediment from the Bergstrasse
region and another (named Unter-Widdersheim) consisting of a loamy sediment from
the Wetterau region. The sediment samples were collected down to a sediment depth of
5 cm (within a water depth of up to 20 cm). The associated water samples were also
collected from the same respective sites. The sediment and water samples were
transported and stored under good conditions prior to use. The characterisation details
of the water/sediment systems are summarised in Table 8.2.2.3-1.
Sediment samples were added to individual metabolism flasks (1000 mL flasks, i.d
10.5 cm) to a depth of 2 cm (ca 270 g for the Bickenbach system and ca 250 g for the
Unter-Widdersheim system) and were covered with a layer of associated water (6 cm
deep). The water/sediment samples were incubated, in the dark, at a temperature of
20°C in an enclosed system. Inlet air was drawn into the system. Outlet air was drawn
out of the metabolism flasks and through a series of traps designed to recover evolved
volatile components, a sodium hydroxide trap to recover evolved carbon dioxide and a
trap containing 2-methoxy ethanol to recover evolved volatile organic components.
The top of water was slightly agitated by means of a suspended magnetic stirrer to help
maintain aerobic conditions. The water/sediment systems were pre-incubated for a
period of approximately one month prior to treatment with the test compound.
In addition to the test system described, a series of water/sediment samples were
incubated under sterile conditions obtained by autoclaving the water and sediment
samples, and the test apparatus. Sterility was maintained during the test by filtration of
the inlet air.
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The water/sediment systems were treated with

14

C-benfluralin dissolved in

acetonitrile (21 µL).
At sampling intervals of 0, 6 hours and 1, 2, 7, 14, 29, 63 and 100 days, duplicate
whole water/sediment systems were taken for analysis. Analysis of sterile samples was
performed after 29, 63 and 100 days only. The sediment and water layers were
separated by decanting. The sediment layer was extracted with acidified methanol.
The sediment extracts and the water layer were partitioned with dichloromethane prior
to concentration under vacuum. The concentrated extracts were chromatographically
analysed by reversed phase HPLC and normal phase TLC. The radioactivity remaining
in the non-extractable residue was quantified by combustion analysis.
In addition, the non-extractable residue for the 100 day samples was further
fractionated into humic acids, fulvic acids and soil humin fractions.

Table 8.2.2.3-1: Characterisation data for water/sediment systems
Sampling location
Bickenbach
Unter-Widdersheim
Sediment
Textural analysis (%)
Sand (63-2000 µm)1
91
45
Silt (2-63 µm)
9
42
Clay (<2 µm)
0
13
Textural classification (USDA)
Sand
Loam
Textural classification (BBA)
Silty sand
Silty loamy sand
Textural classification (UK)2
Sand
Sandy silt loam
pH (0.01 M CaCl2)
7.6
7.2
Redox potential (UH, mV)
+ 205
- 22
Organic matter content (%)
1.0
3.4
Organic carbon content (%)
0.7
2.1
Total nitrogen (%)
0.050
0.157
Total phosphorous (%)
0.013
0.085
Dry weight (% w/w dry soil)
75.4
57.7
Bulk density (g/cm3)
1.42
1.15
Cation exchange capacity (meq/100 g) 4.8
20.1
Associated water
pH
7.6
7.9
Water
quality
parameters,
Redox potential (UH, mV) +
225 +
295
O2 content (% saturation) 86
88
Temperature (°C)
15.6
15.6
1Particle

size ranges were not quoted in the report, however, for textural classifications
conducted to BBA guidelines the ranges are typically as shown.

Mamouni
(2016):

and

Jarvis

Rates of degradation were calculated using CAKE version 3.2. The approach given in
Chapter 10 of the FOCUS Kinetics Guidance Document was followed. The suitability
of the fit of the models was evaluated visually and statistically by calculating the
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minimum % error required to pass the chi2 test at a probability of 0.1 (acceptability
criteria chi2 error < 15%). The values from the single replicates were used for the
calculation of the kinetics as presented in Table 8.2.2.3-2.
On request from the RMS to follow Appendix 11 of the Kinetics guidance document,
the applicant provided additional kinetic fittings.
Mamouni and Jarvis

On request from EFSA to follow Appendix 11 of the Kinetics guidance document, the

(2018):

applicant provided additional kinetic fittings using biphasic models. A further
correction of the rate constants according to FOCUS kinetics guidance, Appendix 11
was conducted to ensure that the estimation of the amount volatilized by the fitting is
not underestimated, as was the case using SFO fitting of the slow phase as presented by
the RMS in figures 8.2.2.3-10 and -11. The applicant calculated the benfluralin kinetics
of the total dissipation including volatilization. The acceptable and optimum total
dissipation model was further corrected for benfluralin volatilization. For this, separate
volatilization kinetics of benfluralin was calculated using the same model.

Table 8.2.2.3-2: Pattern of degradation and formation of metabolites in Knoch and Heim (2002b) water
sediment study treated with benfluralin.
Bickenbach system
% applied radioactivity
Days
Benfluralin diamine
Benfluralin
(B36)
0
103.2*
0
0
103.6*
0
0.25
62.2
0.25
63.3
1
43.2
1
45.9
2
36.7
2
46.9
7
2.7
8.2
7
3.1
8.0
14
4.0
4.7
14
7.6
5.2
29
8.5
2.5
29
9.1
3.8
63
1.45
2.0
63
2.35
0.6
100
2.3**
0.8**
100
n.d**
n.d**

Unter-Widdersheim system
% applied radioactivity
Days
Benfluralin diamine
Benfluralin
(B36)
0
104.1*
0.0
0
101.2*
0.0
0.25
50.5
2.2
0.25
55.8
3.3
1
35.3
4.5
1
44.2
5.8
2
37.2
9.5
2
29.7
7.8
7
4.5
5.4
7
7.0
5.6
14
4.4
7.3
14
5.9
9.0
29
1.5
4.5
29
2.6
5.6
63
2.25
0.8
63
2.25
1.6
100
n.d.
n.d.
100
n.d.
n.d.

* includes detected metabolites and formed bound residues due to the rapid degradation
** not used for kinetics as the DT90 was already reached
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Results from Knoch and Heim (2002b)
The recovery and distribution of radioactivity (% AR) from the water/sediment systems is summarised in Tables
8.2.2.3-3 and 8.2.2.3-4.

Table 8.2.2.3-3: Recovery of radioactivity in % AR and distribution of metabolites after application of
[14C]-benfluralin to a Bickenbach water/sediment system and incubation at 20°C.
Volatiles
Days

CO2

Water phase

Volatile
Total
a.s.

Sediment phase

a.s.

diamine

Unk.
total

extractable a.s.

diamine

Unk.
total

Total
Bound balance
residue

Non-sterile conditions
0

n.a.

n.a.

58.6

57.6

<0.1

<0.1

43.4

43.4

<0.1

<0.1

1.6

103.6

0.25 0.6

33.4

48.1

47.0

<0.1

<0.1

15.8

15.8

<0.1

<0.1

3.1

101.0

1

1.1

50.0

19.6

18.4

<0.1

<0.1

26.2

26.2

<0.1

<0.1

2.8

99.6

2

1.2

53.1

13.8

13.2

<0.1

<0.1

28.6

28.6

<0.1

<0.1

4.0

100.6

7

1.2

63.1

11.3

1.0

1.7

7.3

11.6

2.0

6.5

3.3

11.7

98.9

14

1.3

63.2

8.3

2.5

0.5

3.1

11.3

3.4

4.4

3.3

16.8

100.8

29

1.3

64.1

6.1

3.5

<0.1

0.7

9.7

5.4

3.2

1.3

21.2

102.4

63

1.5

64.7

7.5

<0.1

<0.1

<0.1

4.2

1.9

1.3

0.8

23.6

101.4

100

2.5

64.9

5.3

<0.1

<0.1

<0.1

3.1

1.2

0.4

0.2

26.0

101.7

Sterile conditions
29

0.1

57.8

9.8

0.5

0.4

7.1

7.5

0.8

2.1

4.6

25.7

100.8

63

0.2

58.2

9.5

<0.1

<0.1

<0.1

3.0

0.8

0.9

1.3

26.1

97.0

100

0.6

58.6

7.8

<0.1

<0.1

<0.1

4.4

1.5

<0.1

<0.1

30.5

101.9

Table 8.2.2.3-4: Recovery of radioactivity in % AR and distribution of metabolites after application of
[14C]-benfluralin to a Unter-Widdersheim water/ sediment system and incubation at 20°C
Volatiles
Days

CO2

Water phase

Volatile
total
a.s.

Sediment phase

a.s

Benfl. Unk
diamine total

extractable a.s

Benfl. Unk
diamine total

Total
Bound balance
residue

Non-sterile conditions
0

n.a.

n.a.

56.6

55.5

<0.1

<0.1

39.7

39.7

<0.1

<0.1

7.2

103.4

0.25 0.5

39.0

34.9

33.9

<0.1

<0.1

22.0

19.3

2.8

<0.1

2.7

99.0

1

1.1

52.4

18.8

17.6

<0.1

<0.1

27.3

22.2

5.2

<0.1

2.8

102.4

2

1.2

52.5

15.4

14.9

<0.1

<0.1

31.5

18.6

8.7

4.3

6.0

106.5

7

1.2

62.7

5.8

2.5

<0.1

2.3

10.8

3.3

5.5

2.1

19.6

100.1

14

1.3

62.9

7.1

1.6

<0.1

3.8

15.3

3.6

8.2

3.7

17.3

103.8

29

1.3

62.9

7.3

1.1

<0.1

4.0

10.1

1.0

5.1

4.1

23.4

104.9

63

1.3

63.1

5.4

<0.1

<0.1

<0.1

4.5

2.2

1.22

1.1

23.2

97.4
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100

1.7

63.2

2.5

<0.1

<0.1

<0.1

3.2

<0.1

<0.1

<0.1

31.4

101.9

Sterile conditions
29

0.1

70.2

8.8

0.5

0.6

5.5

7.7

0.6

1.1

6.1

15.9

102.7

63

0.2

70.5

7.6

<0.1

<0.1

<0.1

5.0

0.6

1.0

3.4

20.5

103.7

100

0.8

70.9

8.6

<0.1

<0.1

<0.1

5.7

2.0

1.9

1.9

20.5

106.4

Overall the level of applied radioactivity recovered from the test systems ranged from 95.9% to 110.7%,
indicating an acceptable mass balance. The amount of benfluralin volatilized from the systems was significant and
increased rapidly to ca 53% AR by 2 days from both systems and thereafter increased further to ca 64% AR after
100 days. Chromatographic analysis of the water and sediment extracts indicated that for the majority of sampling
intervals parent benfluralin was the main component observed. One significant degradation product was observed,
benfluralin diamine (B36; maximum average from duplicates on day 2: 8.7%), which was observed almost
exclusively in the sediment layer. Apart from benfluralin diamine, no other significant (> 2 x 5% AR) degradation
products were observed.
Consideration of the sterile water/sediment systems indicated only minor differences to the non-sterile samples.
The main pathway of disappearance of benfluralin from the aquatic systems is via volatilization and dissipation to
sediment where it forms mainly bound residues (max. 31.4%). Fractionation of the sediment residues indicated
that the majority of the NER was located in the humin and humic acids soil fractions and was therefore deeply
incorporated into the soil structure and not likely to be available.

Conclusions by Knoch and Heim (2002b)
The active substance is highly volatile in the water/sediment experiment (64.9% to 63.2% AR as volatile
benfluralin after 100 days). The overall dissipation of benfluralin (including volatilization) from the
water/sediment systems proceeded with DT 50 values of 0.5 and 0.6 days. DT 50 values of 13.6 and 23.3 days were
calculated for its metabolite benfluralin diamine.
The mineralization was low (1.7% to 2.0% AR after 100 days). Bound residue reached a maximum level of
26% to 31.4% AR after 100 days.
One significant degradation product was observed, benfluralin diamine, which was observed almost
exclusively in the sediment layer and reached a maximum of 8.7% AR (average of duplicates, day 2). Several
unidentified components were also observed in both the water and sediment layers and none exceeded 2 x 5% AR
or was increasing at the end of the incubation. The maximum level observed for any of the individual unidentified
components did not exceed 6.3% AR at any sampling interval in the combined water and sediment layers.

Results from Mamouni and Jarvis (2016)
Original kinetic assessment provided in the study report
The dissipation of benfluralin from the water phase after application to the water/sediment system was mainly due
to volatilization and partitioning to the sediment, where it was further degraded. As volatilization was an important
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pathway of dissipation, it was considered for the calculation of the kinetics. Kinetics was therefore calculated
only for the whole system.
As the major part of radioactivity was evaporated from the water phase, it was considered that no significant
degradation occurred in the water phase. It was also observed that the major part of degradation occurred in
sediment only. Therefore, for the water phase, a default value of 1000 days should be used for modelling. For the
sediment, the whole dissipation from the test system was considered to derive degradation kinetics.
The results of the calculations are summarised in Table 8.2.2.3-5 and the plots of the decline and the residuals
are presented in Figure 8.2.2.3-1 and 8.2.2.3-2.
The dissipation of benfluralin from the water phase after application to the water/sediment system was mainly
due volatilization and partitioning to the sediment, where it was further degraded. As volatilization is an important
pathway of dissipation, it was therefore considered for the calculation of the kinetics. Kinetics was therefore
calculated only for the whole system.
For the parent compound acceptable visual fits could be obtained for SFO model, however, no acceptable
statistics (χ² > 22) were obtained, as the DT 90 was already reached on day 7. Good fit and statistics could be
obtained with DFOP. For the optimisation of the metabolite fit, the parent in Bickenbach system or the metabolite
benfluralin diamine in Unter-Widdersheim system for interval day 7 the values were considered as outliers (low
values). The kinetics was then repeated with the metabolite and results are summarised in Table 8.2.2.3-6. FOMC
gave an acceptable χ² for both the parent and the metabolite for Bickenbach system and therefore was selected as
optimum model for the parent also. In Unter-Widdersheim system, DFOP gave a better χ² for the parent and the
FOMC a better χ² for the metabolite. However, similar DT 50 results were obtained from both models.

Table 8.2.2.3-5: Summary of benfluralin kinetics in a water sediment study.
Substance

Kinetic
model

M0
(%)

Parameter

Value

σ

SFO

90.45

k_Parent

0.5744

0.118

FOMC*
*

102.1

alpha
beta

0.4895
0.2017

0.085
0.089

k1_Parent

5.548

1.235

k2_Parent

0.1235

0.025

g_Parent

0.506
0.0511
3

0.037

Bickenbach

Benfluralin
DFOP

Benfluralin
diamine

FOMC/
SFO

103.6

-

k_A1

0.01

Prob.
>t
4.61E5
N/A
N/A
1.41E4
5.89E5
N/A
2.22E5

χ²

Lower
(95%)
CI

Upper
(95%)
CI

DT50/
DT90
(days)

22.7

0.3285

0.82

1.2 / 4.0

13.1

0.3126
0.0155

0.666
0.388

0.6 / 22.1
6.6*

2.953

8.142

0.5 / 12.9

0.0705

0.177

5.6*

0.428

0.584

0.0308

0.071

8.5

13.2

13.6 / 45
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Substance

Kinetic
model

M0
(%)

Parameter

Value

σ

SFO

81.3

k_Parent

0.6062

0.087

alpha

0.942

0.2963

1.61E7
N/A

beta

0.8078

0.4109

N/A

k1_Parent

9.224

4.448

k2_Parent

0.2802

0.0516

g_Parent

0.4228

0.0552

k_A1

0.0298

0.007

FOMC

93.7

Prob.
>t

χ²

Lower
(95%)
CI

Upper
(95%)
CI

DT50/DT90
(days)

24

0.427

0.875

1.1 / 3.8

1.555

0.9 / 8.5

18.6

0.3291
0.0421
4

1.658

2.6***

-0.002

18.45

0.5 / 6.3

0.173

0.387

2.5***

0.308

0.537

0.0161
4

0.043

Unter-Widdersheim

Benfluralin

DFOP

Benfluralin
diamine

DFOP/
SFO

95.2

-

0.0250
2
9.38E6
N/A

6.95

8.44E5

17.2

23.3 / 77.2

* DT50 from the slow phase
** considered as optimum fit since it gave the optimum fit for the metabolite
*** DT50 from the slow phase. No acceptable statistics were obtained for HS model
Note: a formation fraction of 0.12 was obtained for the metabolite.
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Figure 8.2.2.3-1: Summary of benfluralin kinetics plots in Bickenbach water sediment system.
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Figure 8.2.2.3-1 continued: Summary of benfluralin kinetics plots in Bickenbach water sediment system.
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Figure 8.2.2.3-2: Summary of benfluralin kinetics plots in Unter-Widdersheim water sediment system.
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Conclusion from Mamouni and Jarvis (2016) based on originally submitted kinetic assessment
Benfluralin dissipated from the water phase mainly by volatilization and partitioning to the sediment where it was
rapidly degraded. Benfluralin dissipated by volatilization and degradation with a mean DT 50 of 0.6 days in the
whole system. Therefore, it is appropriate that a DT50 of 1000 days should be used for the water phase. However,
for the total system and sediment it is appropriate to also consider the volatility as it will contribute to its
dissipation from natural waters. Whole system DT 50 values (FOMC/DFOP) of 6.6 and 2.5 days, respectively
(geomean of 4.1 days, from the slow phase), were calculated for benfluralin for modelling purposes. For
metabolite benfluralin diamine, acceptable SFO DT 50 values of 13.6 and 23.3 days were calculated (geomean of
17.8 days) with a mean formation fraction of 0.12.

Additional kinetic assessment provided after request from RMS to apply Appendix 11 in the Kinetics guidance
The experimental data show that the volatility occured mainly during the first 2 days. Therefore, the rate from the
slow phase can be taken as degradation rate in the water/sediment system. Thus, the rate of degradation should be
corrected for volatilization only if SFO is used for kinetics, as the slow phase is considered for the biphasic
kinetics below and during this phase no volatility did occur.

The results of the parent DT50system kinetics are summarised in Table 8.2.2.3-6 and details are given in Figures
8.2.2.3-3 and 8.2.2.3-4. HS and DFOP can be considered as optimum kinetics to derive the endpoints. No
correction needs to be conducted for the systems if HS and DFOP are considered with the slow phase, as the
maximum volatilization was observed before the breaking point.
Additional modelling has been undertaken using Model Maker to further support the selection of the
DT50 from the slow phase. Modelling of volatility as well as degradation was calculated by using Model Maker
kinetics program and SFO. The pathway used was as presented in Figure 8.2.2.3-5. Details are presented in
Figures 8.2.2.3-6 and 8.2.2.3-7. A degradation DT50 of 3.0 days was obtained for Bickenbach system and a DT50
degradation of 2.2 days was obtained for Unter-Widdersheim system. These values are in agreement with the slow
phase derived DT50 values.

Calculation of the SFO rate of degradation for benfluralin:
Bickenbach system:
The total dissipation rate of benfluralin (volatile losses and degradation) = Kp d/v (benfluralin) = 0.5362 d-1
The formation fraction of the volatiles = FF_p-v = 0.8021 (results from CAKE using SFO-SFO kinetics)
Therefore, the Kp-v (rate constant for dissipation of benfluralin to volatiles) = 0.5362 *0.8021= 0.430086 d -1.
The DT50 for volatile losses = ln(2)/ 430086= 1.61 d
The Kp_deg (rate constant for degradation of benfluralin) = (1-0.8021)* 0. 5362 = 0.106114 d-1
The DT50 for benfluralin degradation = ln(2)/ 0.106114 = 6.5 d
Unter-Widdersheim system:
No correction needs to be conducted for this system when considering DFOP as the slow phase was only due
to degradation and not volatilization. The maximum volatilization was observed before the breakthrough.
Otherwise, it can be calculated in the same way.
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For the calculation of the rate of degradation without volatilization from SFO: The formation of volatiles was
simulated using all data points of the parent compound, and the optimum parent kinetics were selected to calculate
the rate of volatilization and metabolite kinetics. For the calculation of the degradation from the SFO kinetics, the
volatilization was fitted with the best parent fit. A very good fit for the volatilization and the metabolite
degradation was obtained. The results for metabolite benfluralin diamine (B36) are summarised in Table 8.2.2.3-7
and Figures 8.2.2.3-8 and 8.2.2.3-9.

Table 8.2.2.3-6: Summary of benfluralin kinetics in a water sediment study, DT50system values.
Study

System

Knoch, E. and Heim,
L. (2002b)

Model

DT50
(days)

DT90
(days)

χ2 error
(%)

SFO

1.3

4.3

23.8

FOMC a

0.6 (3.6)*

12.1

18.2

α = 0.6316 (N/A)
β = 0.3239 (N/A)

DFOP a

0.7 (2.4)*

2.4

13.3

K1= 10.26 (0.1428)
K2 = 0.2899 (4.30E-004)

HS

0.75 (2.4)*

6.3

13.3

K1= 1.998(3.98E-006)
K2 = 0.2897(4.27E-004)

SFO

1.0

3.3

28.8

0.69 (5.99E-006)

FOMC

0.4 (3.0)*

10.0

16.5

α = 0.5527 (N/A)
β = 0.1568 (N/A)

DFOP

0.3 (2.6)*

6.2

6.7

K1= 10.87 (0.025)
K2 = 0.2646 (1.51E-05)

Bickenbach

UnterWiddersheim

Kpd/v
(Prob. > t)
0.5362
(2.78E-05)

* DT50 from the slow phase
a: not acceptable statistically (confidence interval contains 0)

Table 8.2.2.3-7: Summary of metabolite benfluralin diamine kinetics in a water sediment study.
System
Model
Compound
DT50
DT90
χ2 error K
(days)
(days)
(%)
(Prob. > t)
Volatile_Parent

-

-

16.9

Diamine

16.2

53.9

12.2

Volatile_Parent

-

-

5.46

Diamine

15.0

49.9

13.9

Volatile_Parent

-

-

4.06

-

0.6519

Diamine

27.3

90.8

24.9

0.2535
(3.67E-04)

0.08495

SFO-SFO
Bickenbach
HS-SFO

UnterWiddersheim

DFOP-SFO

* DT50 from the slow phase
a not acceptable statistically (confidence interval contains 0)

-

Formation
fraction

0.04273
(0.1879)
0.04611
(1.25E-06)

0.8021
0.1082
0.6719
0.1005

RMS: NO
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Figure 8.2.2.3-3: Summary of benfluralin kinetics plots in accordance with FOCUS in Bickenbach water
sediment system, SFO (upper figures), FOMC (upper middle figures), DFOP (lower middle figures), and
HS (lower figures).
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Figure 8.2.2.3-4: Summary of benfluralin kinetics plots in accordance with FOCUS in Unter-Widdersheim
water sediment system, SFO (upper figures), FOMC (middle figures) and DFOP (lower figures).

Figure 8.2.2.3-5: Pathway used in Model Maker for modelling of volatility of benfluralin in the
water/sediment system.
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Figure 8.2.2.3-6: Model Maker output data for calculation of rate degradation for benfluralin from
Bickenbach water sediment system.

Figure 8.2.2.3-7: Model Maker output data for calculation of rate degradation for benfluralin from UnterWiddersheim water sediment system.
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Figure 8.2.2.3-8: Summary of benfluralin and metabolite benfluralin diamine kinetics plots in Bickenbach
water sediment system, SFO-SFO (upper figures), and HS (lower figures). A1: volatile parent; B1:
benfluralin diamine.
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Figure 8.2.2.3-9: Summary of benfluralin and metabolite benfluralin diamine kinetics plots in UnterWiddersheim water sediment system, DFOP-SFO. A1: volatile parent; B1: benfluralin diamine.
Results from Mamouni and Jarvis (2018)
Based on the previous calculation as summarised in Table 8.2.2.3-8 HS (Bickenbach) and DFOP/HS (UnterWiddersheim) is considered as the optimum models for the dissipation (volatilization + degradation) of benfluralin
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from the aquatic systems. The figures were presented in the evaluation of Mamouni and Jarvis (2016), see figure
8.2.2.3-4, except for the HS-kinetics for the Unter-Widdersheim system, which is presented in Figure 8.2.2.3-10.
For the calculation of the benfluralin degradation in the total system, the parent optimum kinetics models were recalculated by including volatilization and degradation to the metabolite benfluralin diamine. The results are
presented in Table 8.2.2.3-9 and Figure 8.2.2.3-11 (Bickenbach) and 8.2.2.3-12 (Unter-Widdersheim).
The calculation of the rate of degradation of the benfluralin by correcting the total dissipation rate constants for
volatility according to FOCUS kinetics guidance Appendix 11 is described below for the two systems.

The Bickenbach system
SFO model: No acceptable fit to the volatilization could be obtained by SFO. Therefore, no accurate correction for
volatilization is expected using SFO model.

FOMC and DFOP model: No acceptable statistics could be obtained for the benfluralin total dissipation with
confidence interval containing 0. Therefore, no reliable correction of the rate of degradation constants can be
achieved.

HS model: The rate of volatilization only of benfluralin with time without considering the degradation was
calculated by subtraction of the volatile amount at each interval from the initial amount of parent detected on time
0 (see Table 8.2.2.3-10). As can be seen the volatilization plateau was reached almost after 2 days.
The rate constants of the benfluralin volatilization were calculated by CAKE model using the HS model (optimum
parent biphasic kinetics). The breakpoint for the volatilization was fixed at the same time as calculated for the
degradation and formation of volatilization (tb = 0.42). A very good fit to the volatilization was obtained. Kinetics
details are summarised in Table 8.2.2.3-11 and figure 8.2.2.3-13.
The underlying shape of volatilization loss processes is the same as for the total degradation. For HS kinetics the
time for the breakpoint for parent volatility and for total dissipation was day 0.42. Therefore, the total benfluralin
dissipation (Table 8.2.2.3-9) was corrected for the volatilization (from Table 8.2.2.3-10), using the following
equations:
K1tot = K1vol + K1deg for t ≤ tb, where tb is the breakpoint (0.42)
K2tot = K2vol + K2deg for t ≥ tb, where tb is the breakpoint (0.42)

The calculated benfluralin rate constants of degradation constant without volatilization are therefore:
K1deg (for t ≤ tb, where tb = 0.42 d) = 1.998 - 1.86 = 0.13800
K2deg (for t ≤ tb, where tb = 0.42 d) = 0.2897 - 0.003273 = 0.286427

The slow phase DT50 can be calculated as: DT50deg = (Ln(2)/K2deg) = 2.4 days
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Additionally, the amount of the parent representing only the degradation without volatilization were calculated
with the above corrected rate constants and the Hockey stick model using the following equations:

The calculated parent percentage values of benfluralin were fitted and showed acceptable SFO kinetics with the
parameters presented in Table 8.2.2.3-12. SFO kinetics showed an acceptable fit and gave a DT50 of 2.6 days.
Details of the kinetic fitting are presented in Figure 8.2.2.3-14.
Additionally, the calculated degradation in the whole system without volatilization and the volatilization were
presented schematically in Figure 8.2.2.3-15.
The optimum calculated DT50 from the slow phase of the HS model is 2.4 days, which is the same when using
only the rate constant in the equation DegT50 = ln2/K2deg as shown above. The calculated DT50 from the HS
slow phase without considering the volatilization is also 2.4 days (see Table 8.2.2.3-9). Hence, the slow phase of
the HS model describes benfluralin degradation without volatilization. This is in agreement with the expected
rapid degradation under anaerobic conditions.
For the Bickenbach system the DegT50 selected for modelling input is 2.6 days, which is the worst case value
from all the acceptable models.

The Unter-Widdersheim system
SFO model: No acceptable fit to the volatilization could be obtained by SFO. Therefore, no accurate correction for
volatilization can be conducted.

HS model: The rate of volatilization only of benfluralin with time without considering the degradation was
calculated by subtraction of the volatile amount at each interval from the initial amount of parent detected on time
0 (see Table 8.2.2.3-10). As can be seen, the volatilization plateau was reached after almost 2 days.
The rate constants of the parent volatilization were calculated by CAKE model using the optimum HS parent
biphasic kinetics. A very good HS fit to the volatilization was obtained. Kinetics details are summarized in Table
8.2.2.3-11 and in Figure 8.2.2.3-16 (upper graphs).

The underlying shape of volatilization loss processes is the same as for the total degradation. For HS kinetics the
time for the breakpoint for parent volatility and for total dissipation was day 0.35 (see table 8.2.2.3-9). Therefore,
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the total benfluralin dissipation (Table 8.2.2.3-9) was corrected for the volatilization (from Table 8.2.2.3-10),
using the following equations:
K1tot = K1vol + K1deg for t ≤ tb, where tb is the breakpoint (0.356)
K2tot = K2vol + K2deg for t ≥ tb, where tb is the breakpoint (0.356)

The calculated benfluralin rate constants of degradation constant without volatilization are therefore:
K1deg (for t ≤ tb, where tb = 0.356 d) = 2.969 – 2.227 = 0.742
K2deg (for t ≤ tb, where tb = 0.356 d) = 0.1886 - 0.002593 = 0.186007

The slow phase DT50 can be calculated as: DT50deg = (Ln(2)/K2deg) = 3.7 days

Additionally, the amount of the parent representing only the degradation without volatilization were calculated
with the above corrected rate constants and the Hockey stick model using the same equations as listed above for
the Bickenbach system.

The calculated parent percentage values of benfluralin were fitted and showed acceptable SFO kinetics with the
parameters presented in Table 8.2.2.3-12. SFO kinetics showed an acceptable fit and gave a DT50 of 3.1 days.
Details of the kinetic fitting are presented in Figure 8.2.2.3-17.
The calculated degradation in the whole system without volatilization and the volatilization were presented
schematically in Figure 8.2.2.3-18.
The optimum calculated DT50 from the slow phase of the HS model is 3.7 days, which is the same when using
only the rate constant in the equation DegT50 = ln2/K2deg as shown above. The calculated DT50 from the HS
slow phase without considering the volatilization is also 3.7 days (see Table 8.2.2.3-9). Hence, the slow phase of
the HS model describes benfluralin degradation without volatilization. This is in agreement with the expected
rapid degradation under anaerobic conditions.
For the Unter-Widdersheim system the worst case DegT50 from HS kinetics is 3.7 days.

DFOP model: The DFOP model was also used to calculate the rate constants of benfluralin volatilization. The
kinetics details are presented in Table 8.2.2.3-11 and Figure 8.2.2.3-16.

The underlying shape of volatilization loss processes is the same as for the total degradation. For DFOP kinetics
the ratio of the amounts in each compartment should remain the same.

K1tot = K1vol + K1deg for compartment 1
K2tot = K2vol + K2deg for compartment 2

The calculated benfluralin rate constants of degradation without volatilization are therefore:
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K1deg (for compt. 1) = 6.816 - 3.284 = 3.532
K2deg (for compt. 2) = 0.1882 - 0.00000 = 0.1882

The slow phase DT50 can be calculated as: DT50deg = (Ln(2)/K2deg) = 3.7 days

The calculated degradation without volatilization and the subtracted amount lost by volatility are presented
schematically in Figure 8.2.2.3-19. The calculated DT50 from DFOP slow phase from total dissipation is 3.7 days,
showing that the slow phase describes benfluralin degradation without volatilization. This is in agreement with the
expected rapid degradation under anaerobic conditions.

Considering the results from HS and DFOP kinetic fitting of the Unter-Widdersheim water sediment study, the
calculated degradation optimum DT50deg of 3.7 days for benfluralin from the HS model should be used for
modelling.

Conclusion from Mamouni and Jarvis (2018)
The calculations according to FOCUS Appendix 11 using biphasic models show that during the slow phase of the
kinetics calculation of the total dissipation, there was no significant volatilization. The volatilization did not
influence the degradation of benfluralin in water sediment system. Based on the calculated corrected rate of
degradation using biphasic models, a geometric mean DegT50 of 3.1 days should be used for modelling.
The rapid degradation of benfluralin in water sediment systems is due to its rapid partitioning to sediment and its
rapid anaerobic degradation in sediment (expected DT50 anaerobic < 0.3 days).

Table 8.2.2.3-8: Summary of benfluralin kinetics in a water sediment study. DT50 system values. Best-fit
kinetics are indicated in bold.
Study

System

Knoch, E. and Heim,
L. (2002b)

Model

DT50
(days)

DT90
(days)

χ2 error
(%)

SFO

1.3

4.3

23.8

FOMC a

0.6 (3.6)*

12.1

18.2

α = 0.6316 (N/A)
β = 0.3239 (N/A)

DFOP a

0.7 (2.4)*

2.4

13.3

K1= 10.26 (0.1428)
K2 = 0.2899 (4.30E-004)

HS

0.7 (2.4)*

6.3

13.3

K1= 1.998(3.98E-006)
K2 = 0.2897(4.27E-004)

SFO

1.0

3.3

28.8

0.69 (5.99E-006)

FOMC

0.4 (3.0)*

10.0

16.5

α = 0.5527 (N/A)
β = 0.1568 (N/A)

DFOP

0.3 (2.6)*

6.2

6.7

K1= 10.87 (0.025)
K2 = 0.2646 (1.51E-05)

HS

0.3 (2.6)*

6.2

6.7

k1 =2.633 (1.91E-9)
k2 =0.2646 (1.50E-5)
Tb =0.2767

Bickenbach

UnterWiddersheim

( )* DT50 from the slow phase
a: not acceptable statistically (confidence interval contains 0)

Kpd/v
(Prob. > t)
0.5362
(2.78E-05)
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Table 8.2.2.3-9.: Total dissipation of benfluralin with volatilization and degradation in water sediment test
systems
System
Model
Bickenbach

Compound

0.35
(2.4*)

5.5

χ2 error
(%)
23.5

15.0

49.9

5.46
13.9

0.22
(3.7*)

7.1

12.6

-

-

4.06

DT50 (days)

Benfluralin

HS-SFOa

DT90 (days)

K
(Prob. > t)
K1= 1.998 (fixed)
K2 = 0.2897
(fixed)
tb = 0.4193

( Figure

8.2.2.3-11)
Unter-

Volatile_Parent
Diamine
Benfluralin

Widdersheim

Volatile_Parent
Diamine

27.3

Benfluralin

Widdersheim

0.085

K1= 2.969 (8.43E18)
K2 = 0.1886
(4.36E-6)
tb = 0.3466
-

-

0.23
(3.7*)

7.1

12.6

-

-

4.06

27.4

90.9

24.9

Volatile_Parent
Diamine

0.65

0.02535
(3.67E-04)

HS-SFO

(Figure
8.2.2.3-12)

-

24.9
90.8

Unter-

0.67
0.10

0.04611
(1.25E-06)
K1= 6.816 (2.05E7)
K2 = 0.1882
(4.85E-6)
g = 0.6192
-

DFOP-SFO

(Figure
8.2.2.3-12)

Formation
fraction
-

0.652

0.02534
(3.7E-04)

0.085

*Slow phase
a: The RMS notes that the 95% confidence interval of the rate of volatile benfluralin formation contains 0.

Table 8.2.2.3-10.: The rate of volatilization of benfluralin* in the Bickenbach and Unter-Widdersheim
water sediment systems.
Time (days)

0

0.25

1

2
7
Bickenbach

63

100

40

40.4

39.1

39.5

38.5

38.9

38.3

38.7

63.1

63.2

63.2

64.1

64.1

64.7

64.7

64.9

64.9

41.2

38.3

41.2

38.3

41.0

38.1

40.9

38.0

62.9

62.9

62.9

62.9

63.1

63.1

63.2

63.2

50.0

40.5

53.6

50.0

63.1

53.2

33.4

40.1

70.2

33.4

53.1

69.8

0.0

50.5

104

0.0

53.1

103

Volatile
Benfluralin

29

50.1

Benfluralin
volatilization

14

Unter-Widdersheim

101.2

65.1

62.2

51.7

48.8

51.6

48.7

41.4

38.5

0.0

0.0

39.0

39.0

52.4

52.4

52.5

52.5

62.7

62.7

Volatile
Benfluralin

104.1

Benfluralin
volatilization

*calculated by subtracting the amount of volatile benfluralin at each time point from the initial amount of benfluralin detected in the system.
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Table 8.2.2.3-11.: The rate of benfluralin dissipation by means of volatilization calculated using HS kinetics
in the Bickenbach water sediment system and HS and DFOP kinetics in the Unter-Widdersheim water
sediment system.
Kpd/v
Study
System
Model
DT50
DT90
χ2 error
(days)
(days)
(%)
(Prob. > t)
Knoch, E.
Bickenbach
HSa
0.4 (212*)
645*
6.9
K1= 1.86 (2.19E-16)
and Heim, L. (Figure
K2 = 0.003273 (7.44E(2002b)
8.2.2.3-13)
04)
tb = 0.42 (fixed)
UnterHSa
0.3 (267*)
583*
6.4
K1 = 2.227 (1.99E-26)
Widdersheim
K2 = 0.002593(0.002)
(Figure
tb = 0.356
8.2.2.3-16)
UnterDFOPb
0.5 (>
>10000*
7.6
K1= 3.284 (2.41E-10)
Widdersheim
10000*)
K2 = 1.37E-024 (0.5)
(Figure
g = 0.6192
8.2.2.3-16)
( ) Slow phase
* Not reliable as volatilization stops, when all benfluralin is dissipated from the water phase. However, it shows the very slow rate of
volatilization within the second phase.
a: The RMS notes that the 95% confidence interval of the rate of volatile benfluralin formation contains 0 / that the t-test fails for this
parameter (Bickenbach prob > t = 0.3584, Unter-Widdersheim prob < t = 0.3496).
b: The RMS notes that the rate constant K2 for benfluralin dissipation by volatilization has a 95 % confidence interval that contains 0 and a ttest that fails (prob > t = 0.5). Also, the 95% confidence interval of the rate of volatile benfluralin formation contains 0 and the t-test fails for
this parameter (prob > t = 0.5).

Table 8.2.2.3-12. Benfluralin degradation without volatilization. Best-fit kinetics are indicated in bold.
System
Bickenbach
(Figure 8.2.2.314)

UnterWiddersheim
(Figure 8.2.2.317)

Model

DT50 (days)

DT90 (days)

χ2 error (%)

SFO

2.6

8.9

2.4

DFOP a

2.7 (2.6*)

8.6

2.7

HS

2.6 (2.4*)

8.3

0.09

SFO
DFOP

3.1
2.6 (3.8*)

10.3
11.4

8.2
1.4

HS

2.7 (3.7*)

11.3

0.09

* slow phase
a: no acceptable statistics (confidence interval contains 0).

Kpd/v
(Prob. > t)
0.268
(1.27E-19)
K1= 0.268 (0.5)
K2 = 0.268 (0.5)
g = 0.9958
K1= 0.1339 (1.9E-21)
K2 = 0.286 (3.35E-40)
tb = 0.4112
0.2241 (230E-10)
K1= 6.031 (4.3E-8)
K2 = 0.1873 (7.01E-20)
g = 0.1873
K1= 0.7457 (2.84E-33)
K2 = 0.1862 (8.82E-40)
tb = 0.354
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Figure 8.2.2.3-10. Total dissipation of benfluralin in the Unter-Widdersheim water sediment system using
HS kinetics.

Figure 8.2.2.3-11. Summary of benfluralin and metabolite benfluralin diamine kinetics plots in Bickenbach
water sediment system, HS-SFO. A1: volatile parent; B1: benfluralin diamine.
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Figure 8.2.2.3-12. Summary of benfluralin and metabolite benfluralin diamine kinetics plots in UnterWiddersheim water sediment system, DFOP-SFO (upper) and HS-SFO (lower). A1: volatile parent; B1:
benfluralin diamine

Figure 8.2.2.3-13. Summary of benfluralin kinetics plots in Bickenbach water sediment system, HS-SFO.
A1: volatile parent.
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Figure 8.2.2.3-14. Summary of kinetics plots in Bickenbach water sediment system of benfluralin
degradation without volatilization (using HS volatility correction): SFO (upper), DFOP (middle) and HS
(lower).
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Figure 8.2.2.3-15. Calculated degradation of benfluralin in the whole Bickenbach water sediment system
without volatilization and volatilization.

Figure 8.2.2.3-16. Summary of benfluralin kinetics plots in Unter-Widdersheim water sediment system, HSSFO (upper) and DFOP-SFO (lower). A1: volatile parent.

RMS: NO
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Figure 8.2.2.3-17. Summary of kinetics plots in Unter-Widdersheim water sediment system of benfluralin
degradation without volatilization (using HS volatility correction): SFO (upper), DFOP (middle) and HS
(lower).
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Figure 8.2.2.3-18. Calculated degradation of benfluralin in the whole Unter-Widdersheim water sediment
system without volatilization and volatilization, based on HS kinetics.

Figure 8.2.2.3-19. Calculated degradation of benfluralin in the whole Unter-Widdersheim water sediment
system without volatilization and volatilization, based on DFOP kinetics.

RMS comments and conclusions
The water sediment study by Knoch and Heim (2002b) is considered acceptable by the RMS. Some minor
deviations from the recommendations set in OECD guideline 308 were found:
-

Regarding selection of sediment systems, the difference in the OC contents of the two sediments was
below the recommended minimum of 2 %, with both sediments having a relatively low OC % (0.7 and
2.1 %).

-

The flow meter was “not continuously installed”.
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The RMS is of the opinion that the kinetic assessment of the water sediment data performed by Mamouni and
Jarvis (2016) is not acceptable, as the procedure applied is valid for non-volatile compounds which undergo losses
by degradation only, and is not appropriate for benfluralin with respect to its volatility from the water phase. The
FOCUS working group (2014) recommends applying correction procedures to account for dissipation by
significant volatilization. The RMS recognizes that it may be problematic to evaluate results from a study
conducted with the currently recommended test method (OECD guideline 308) for test substances which cannot
be retained in the test system due to volatility from the water phase, such as for benfluralin. However, the
volatility of benfluralin from the water phase must be considered in the kinetic assessment. Additionally, the RMS
does not accept the removal of the outliers from the data set in order to improve the fit, as removal of outliers
should be clearly documented and justified. The RMS therefore requested the notifier to provide a new kinetic
assessment applying a correction procedure (see Appendix 11 in the FOCUS kinetic’s guidance document from
2014) where the outliers are included in the optimization or their removal are properly justified.

The RMS is of the opinion that the additional kinetic assessment, provided to correct the DT50system value for
the amount of volatilized a.s. during the experiment in order to derive a DegT50 value for the whole system, is not
acceptable as volatilization was not accounted for in line with Appendix 11 in the FOCUS Kinetics guidance.
Biphasic and SFO dissipation rates (including volatilization) for both systems and SFO DegT50 for the
Bickenbach system were calculated for the a.s. using CAKE software, and additional SFO modelling was
performed using ModelMaker. Degradation rates for metabolite B36 were obtained by simultaneous fit of the
optimum parent dissipation kinetics (HS and DFOP) with SFO kinetics for B36. The values summarized in Table
8.2.2.3-6 represent dissipation values including volatilization, not degradation rates.
The high χ2 value for both systems (23.8 and 28.8 % AR) obtained from SFO fit to the data shows that
SFO does not describe the dissipation rates of benfluralin very well, which is to be expected due to the high degree
of volatilization the first week of the experiment. Volatilization of benfluralin mainly occurred during the first
week in both systems (~1 % AR volatilized from day 7 until the study termination), with ~52-53 % AR
accumulated volatilized a.s. after 2 days, followed by ~ 10 % AR additional volatilized a.s. at study termination
(day 100). The RMS is of the opinion that these χ2 values cannot be used as an argument against using SFO
degradation kinetics, as the SFO fitting from which the values are derived represent dissipation kinetics, not
degradation kinetics.
The RMS questions the applicant’s statement that HS and DFOP can be considered as optimum kinetics
to derive endpoints, as no assessment has been performed to evaluate the appropriate kinetics for the degradation
of benfluralin in water/sediment. An SFO DegT50 rate (i.e. rate corrected for volatilized a.s.) was calculated for
the Bickenbach system, while no SFO DegT50 rate was calculated for the Unter-Widdersheim system motivated
by the fact that DFOP is the best fit for the DT50 system and that slow-phase will be conservative. However, in the
additional modelling of volatility and degradation of benfluralin using ModelMaker to support the selection of the
DT50 from the slow phase, SFO kinetics was used. It is unclear why for the ModelMaker kinetic assessment, the
SFO fit was regarded as acceptable and used in the analysis.
The RMS hesitates to accept the biphasic slow phase dissipation rates as DegT50 endpoints. These values
do not represent degradation because no correction for volatilized benfluralin has been performed. The statement

RMS: NO
Co-RMS: NL

- 131 Benfluralin
Annex B.8 (AS): Environmental fate and behaviour

that “no correction needs to be conducted for the systems if HS and DFOP are considered with the slow phase, as
the maximum volatilization was observed before the breaking point” is contradicted by the results from the
Bickenbach system. For Bickenbach, the slow phase DT50 for the HS fit (best fit) is 2.4 days. However, when
applying the correction procedure to the SFO fit, the resulting DegT50 is either 6.5 days (CAKE) or 3 days
(ModelMaker). If the data sets from time points not influenced by significant volatilization were to be used, the
data sets from day 7 onwards represent mainly degradation. However, using these data sets would result in high χ2
values.

The RMS has repeated the procedure performed by the applicant to calculate SFO DegT50 rates for both test
systems using CAKE software. By fitting benfluralinsediment+water as parent and cumulative volatilized benfluralin as
“metabolite”, kTOT values of 0.5374 and 0.6987 and formation fractions for volatile a.s. (ffvol) of 0.8008 and
0.7968 were obtained for Bickenbach and Unter-Widdersheim, respectively. Using the formulas [kVOL = kTOT x
ffvol] and [kDEG = (1 – ffvol) x kTOT] and [DegT50 = ln2/kDEG] resulted in a DegT50 value of 6.47 days2 for the
Bickenbach system and a DegT50 value of 4.88 days in the Unter-Widdersheim system. Furthermore, the RMS
used the kVOL values into the equation V = V0 (1 – exp(-kVOL x t)) in order to calculate modelled amount of
volatilized benfluralin (V) at each time point (t), with V0 representing the eventual build-up of volatilized
benfluralin. Modelled cumulative amounts of volatilized benfluralin (SFO) plotted against measured cumulative
amounts of volatilized benfluralin for the two systems are found in figures 8.2.2.3-10 and 8.2.2.3-11.
A kinetic assessment of biphasic degradation kinetics for the two systems has not been conducted. As can
be seen from figures 8.2.2.3-10 and 8.2.2.3-11, using SFO degradation kinetics clearly underestimates the amount
of volatilized benfluralin, and consequently overestimates the DegT50 rates. The RMS is of the opinion that the
applicant should provide biphasic DegT50 values following the correction procedures for FOMC, HS and DFOP
kinetics described in Appendix 11 in the Kinetics guidance document. Regarding a DegT50sediment value for
sediment metabolite benfluralin diamine (B36), the RMS suggests that modelling the metabolite as a parent
compound would be appropriate.
Due to the complexity of assessing the kinetics of degradation in water sediment taking into account a
significant amount of volatilized a.s., the RMS proposed the evaluation of a DegT50system value for benfluralin in
water sediment as an issue for expert consultation. During the peer review process it was concluded that no expert
consultation was needed, but that the applicant had to submit DegT50 estimates for the whole sediment system for
benfluralin and sediment metabolite diamine corrected for volatilization losses as discussed in Appendix 11 in the
FOCUS kinetics guidance. This assessment should include the fitting of biphasic degradation for the two systems,
to ensure that the estimation of the amount volatilized by the fitting is not underestimated as was the case using
SFO fitting. The applicant should follow FOCUS kinetics guidance regarding consideration/justification for
considering data points as outliers.

2

the value is slightly lower than the value obtained by the notifier (6.53 d), probably due to the fact that the notifier used day 0 values from the
Unter-Widdersheim system and the RMS used day 0 values from the Bickenbach system.
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Figure 8.2.2.3-10: SFO modelled cumulative volatilized amounts of benfluralin plotted against measured
values of cumulative volatilized amounts of benfluralin in the Bickenbach water sediment system.
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Figure 8.2.2.3-11: SFO modelled cumulative volatilized amounts of benfluralin plotted against measured
values of cumulative volatilized amounts of benfluralin in the Unter-Widdersheim water sediment system.

New kinetic fitting was provided in the report by Mamouni and Jarvis (2018). The RMS checked the calculations
using CAKE v. 3.2 and agrees with the results presented by the applicant. The fitting of the metabolite benfluralin
diamine in the Unter-Widdersheim system also included the data points at day 7 that previously were considered
outliers by the applicant. The RMS is of the opinion that the approaches that have been taken by the applicant in
order to correct for the volatilization of benfluralin could have been described better in order to provide
transparency of the methodology. However, the RMS considers that the approaches that were taken are acceptable.

RMS: NO
Co-RMS: NL

- 133 Benfluralin
Annex B.8 (AS): Environmental fate and behaviour

There are some issues with the kinetic fits that have not been adequately considered by the applicant in the report.
-

The Bickenbach test system: The HS kinetic fit of the parent benfluralin from which the tb was derived
was not very good, having a χ2 value of 23.5. The visual fit shows some quite large residuals. This was
not addressed by the applicant.

-

The Bickenbach test system: The slow phase based on rate constant K2 from the HS model (0.286) gives
a degradation rate DegT50 of 3.1 days. However, the first rate constant (K1) shows a slower rate (0.138),
and using the formula (ln2/rate constant K) to calculate DegT50 gives a value of 5.02 days. Hence, after
correcting for volatilization rates, the degradation of benfluralin is slower before the tb than after the tb.
This has not been addressed by the applicant. The RMS considers that the rate of benfluralin degradation
after the tb is more representative for the whole system, since the tb occurs after 0.42 days and the initial
slower degradation rate of benfluralin occurs only for a very short time.

-

The rate of formation of volatile benfluralin in the HS kinetic fits for both test systems is not statistically
reliable, as noted by the RMS in the tables. It could however be argued that the rate of benfluralin
dissipation by volatilization is the most important, and this parameter shows an acceptable fit (both
visually and statistically) and that this deviation therefore is of minor importance.

-

The Unter-Widdersheim test system: The DFOP model does not show acceptable statistics, as both the
K2 parameter (benfluralin dissipation by volatilization, slow phase) and the rate of formation of volatile
benfluralin have 95 % confidence intervals that contain 0/ fail the t-test (prob. > t = 0.5). The fitting is
also poor, with large residuals at days 1 and 2. This has not been addressed by the applicant. The RMS is
of the opinion that the results from the DFOP fitting are not acceptable and the rates derived from this
kinetic fitting should not be used to calculate the DegT50 endpoint in the Unter-Widdersheim system.

There is also a minor error in the report:
-

The tb for the HS fit in the Unter-Widdersheim system was set to 0.356. This should have been 0.3466.
The RMS has checked the influence of the correct tb on the results (calculations not shown) and
concluded that it only resulted in a minor change in the estimated DegT50 (3.73 d instead of 3.7 days).
The results that are presented by the applicant are therefore considered acceptable by the RMS.

The HS kinetic fits for the two water sediment systems that have been calculated by the applicant adequately fit
the observed data of volatile benfluralin formation, as shown in figures 8.2.2.3-15 and -18. The figures also show
that the shape of the curves for benfluralin degradation and volatile benfluralin accumulation are the same, which
is in line with the recommendations in Appendix 11 of FOCUS (2014). The RMS thinks that the geometric mean
DegT50 of 3.1 days is a reasonable estimate of the total degradation of benfluralin in water sediment systems. This
value should be used for the sediment compartment in the modelling of environmental concentrations in surface
water and sediment.

When calculating the degradation rate of the metabolite benfluralin diamine (B36) the degradation was fitted
simultaneously with the dissipation of the parent. The same fits were calculated as in the previous report
(Mamouni and Jarvis, 2016), and in addition a HS-SFO-fit was run for the Unter-Widdersheim system. Hence, the
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applicant has used the same approach as in the previously submitted calculations and has not made an effort to
ensure that the degradation rate of the metabolite only reflects degradation of the parent compound and not total
dissipation. The RMS therefore concludes that no acceptable degradation rate is available for the sediment
metabolite benfluralin diamine.

B.8.2.3

Degradation in the saturated zone

No data available, not required.

B.8.3

Fate and behaviour in air

The vapour pressure of benfluralin is 1.8 x 10-3 Pa at 20 °C and the water solubility at 20 °C is 0.064 m/L with a
calculated Henry’s Law constant of 9.1 Pa/mol.m3 at pH 7. These figures suggest that benfluralin is moderately
volatile, indicating that losses due to volatilization would be expected.

B.8.3.1

Route and rate of degradation in air

Study CA 7.3.1/01 – Knoch and Heim 2002c
Reference:

Knoch, E., Heim, G. (2002c) Benfluralin volatilization. Atkinson calculation and
volatilization from soil and dwarf runner bean when formulated as 180 g a.s./L EC

Company Report No.:

Institut Fresenius, Report No. IF-101/25799-00

Guideline:

BBA Guideline Part IV, Section 6-1 (1990)

GLP:

Yes

Acceptability:

Acceptable

Previous evaluation:

In DAR (2006) / Corrigendum (2007)

Material and methods:
Test material:

[Phenyl-U-14C]-benfluralin, (SPS No. F0329-85, specific activity 21.9 mCi/mmol,
radiochemical purity >98%) and non-radiolabelled benfluralin (batch No. TSN100037,
purity 95.8%) and blank EC formulation (EF-1533, batch No. E0751-60)

Test material:

The volatilization of benfluralin from a soil surface was studied in a wind tunnel
apparatus using formulated material. An EC formulation prepared using

14

C-benfluralin,

non-radiolabelled benfluralin and blank EC formulation was applied to a Speyer 2.1 sand
soil, at a rate equivalent to 1620 g a.s./ha. Characteristics of the test soil are shown in
Table 8.3.1-1.
Applications were made evenly to the surface of the soil (maintained at 60% MWHC)
contained in glass petri dishes (surface area 64 cm2). The treated soils were placed in a
wind tunnel apparatus and exposed to an air flow of 1.3 to 1.4 m/s, an air temperature of
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23.0 to 23.8°C and a relative humidity of 34.9 to 45.4%. Samples were taken immediately
after treatment (0 hour) and after exposure at intervals of 1, 3, 6 and 24 hours. Soil
samples were analysed for total radioactivity by extraction with acidic methanol and
combustion of the resulting residue. Soil extracts from samples taken at 0 and 24 hours
were diluted with water and partitioned with dichloromethane, with the resulting organic
phase analysed for benfluralin content by HPLC and TLC.
The volatilization of formulated benfluralin from dwarf bean leaves was also measured.
However, since benfluralin is applied to soil pre-emergence, these data have not been
included in this summary.
In addition, the persistence of benfluralin in air was estimated based on the equations of
Atkinson and Howard.

Table 8.3.1-1: Soil characteristics.
Soil characterisation
Particle size distribution (%)
Sand (63-2000 µm)
Silt (2-63 µm)
Clay (<2 µm)
Sand (50-2000 µm)
Silt (2-50 µm)
Textural classification (BBA)
Textural classification (UK)
Textural classification (USDA)
pH (0.01M CaCl2)
Organic matter content (%)2
Organic carbon content (%)
CEC (mEq/100 g)
MWHC (%)

Speyer 2.1
89.1
9.4
2.0
90.0
8.0
Sand
Sand
sand
5.7
0.9
0.5
5.0
28.0

Findings and conclusions
Overall mass balance based on the amount of radioactivity applied decreased from 97.9% AR (0 hours), to 82.5%
AR (24 hours exposure). Following application to the soil surface, losses due to evaporation therefore accounted
for 15.8% AR (after 24 hours). Analysis of soil extracts from samples taken after 24 hours by HPLC and TLC
confirmed that benfluralin was the only component present.
Calculations using the method of Atkinson for indirect photo oxidation in the atmosphere through reaction with
hydroxyl radicals resulted in an atmospheric half-life estimated of 5.763 hours (hydroxyl radical reaction rate
constant of 22.2703 x 10-12).
It should be pointed out that benfluralin is incorporated into soil following application, which will highly reduce
its volatilization, due to its high soil Koc value.
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RMS comments and conclusions
The study is considered acceptable. Currently, no specific study guideline is required for addressing the route and
rate of degradation of pesticides in air. The study found that 15.8 % AR was evaporated from soil after 24 hours.
According to the BBA guideline which was followed in this study, no significant losses of benfluralin due to
volatilization (trigger of 20 %) is to be expected during the first 24 hours after application.

B.8.3.2

Transport via air

CA 7.3.2/01 Mamouni et al. 2018

The following information was presented by the notifier in the M-CA document
Benfluralin is considered as volatile, although as it is incorporated into soil following application, its volatility will
be highly reduced due to its high adsorption to soil. The FOCUS Air group (2008) proposed the following
assessment scheme for the air compartment with regard to deposition following volatilization:

Short range transport:
The trigger values for relevance of atmospheric deposition (short range transport) following volatilization are
defined by the FOCUS Air group to be >10 -5 Pa (20°C) for volatilization from plant surfaces and >10-4 Pa (20°C)
for volatilization from soil surfaces. Thus, benfluralin is classified to be volatile and its short-range transport
potential has to be considered.
According to FOCUS (2008) deposition after volatilization is not significant compared to spray drift within the
short-range (i.e. < 2 m) following FOCUS surface water Step 3 calculations. Consequently, deposition from
volatilization (dry deposition) needs only be considered in addition to drift for distances greater than 1 m if drift
mitigation is required, which is the case for benfluralin.

Long range transport:
The investigation of the long range transport potential of benfluralin in air has to be considered in case the half-life
of the substance in the atmosphere would be >2 days, based on a calculation performed using the model AOP.
Benfluralin has a half-life of 5.7 hours (0.24 days) (1.5 × 10 6 OH-radicals/cm3 on a 12 hour day), which is clearly
below the trigger of 2 days, thus, benfluralin does not need to be assessed further for long range transport.
Following peer review, the applicant was requested to “provide information regarding the potential for long range
transport of benfluralin to remote areas considering this was identified as an issue for the compound with similar
properties trifluralin, based on monitoring data from remote areas. Applicant to provide whatever articles /
investigations that they can source where long range transport potential of benfluralin might have been
investigated (including ‘grey literature’ and government research institute reports). As well as transport in the
vapour phase, consideration of long range transport when adsorbed to particles should be considered”. The
applicant submitted a report with a response to this requirement that has been summarized below.
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The articles that were found were related to monitoring data in air and rain water and are therefore presented in
part B.8.4 of the assessment.

Reference:

Mamouni, A., Jarvis, T., Willis, A., (2018) Response to EFSA Letter Comment 20
Benfluralin Peer Review of Active Substances (AIR IV) EFSA letter of 26 March 2018
(ref JT/TM/al (2018) – out-19199524)

Report number:

Report Number: 1507382.UK0 – 9224

Guidelines:

Not relevant

GLP:

No

Acceptability:

Acceptable

Previous evaluation:

Submitted for the purpose of renewal

Summary and conclusions as presented by the applicant
It should be pointed out that trifluralin was used as a pre- and post-emergence spray application to cereals without
incorporation in soil whereas benfluralin is incorporated into the soil. The non-incorporation will highly increase
its volatilization especially from the plant surface. Furthermore, the volatility of trifluralin is at least twice higher
based on the vapour pressure value and trifluralin soil Koc values are lower when compared to benfluralin. These
parameters will high influence the volatilization. This is confirmed by the laboratory volatilization experiments
conducted on both compounds, as reported in the previous draft assessment reports (DAR). The results are
summarised below.

Compound

Trifluralin

Benfluralin

Vapour pressure (Pa) at 25 °C

9.5 x 10-3

4 x 10-3

Soil Koc (mL/g)

6414 - 13414

10736 - 14400

Volatilization

Volatility (%) after 24 hours

From soil surface

41.6 and 67

14.5, 15.6, 16.3, 15.5

(mean 54.3%)

(mean 15.8%)

When incorporated

1.1 and 1.4

-*

From plant surface

-

16.3, 15.4, 16.8, 18.5
(mean 16.8%)

* The E-fate studies did not show any significant volatility when incorporated in soil.

Therefore, it is to be expected that volatilization of benfluralin will be lower when compared to trifluralin. The
incorporation in soil will highly reduce its volatilization. As observed in the environmental fate studies, under
continuous aeration practically no volatilization occurs when the compounds are incorporated in soil.
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Benfluralin has a half-life of 5.7 hours (0.24 days) (1.5 × 106 OH-radicals/cm3 on a 12 hour day), which is clearly
below the trigger of 2 days, thus, benfluralin does not need to be assessed further for long range transport.
Furthermore, it is also expected to rapidly photodegrade and also reacts with ozone in air.
A formal literature search was conducted for benfluralin detections in air or rainwater. No monitoring detections
for benfluralin could be found in the EU. For a summary of the literature that was found, including the RMS
assessment and conclusions, see B 8.4. For a summary and the RMS evaluation of the literature search, please
refer to B 8.5.

The applicant concluded that when benfluralin is used in agriculture with incorporation in soil, it is unlikely that it
will be detected or transported in air.

RMS comments and conclusions
The argumentation regarding short range transport is considered acceptable.

In response to the request for information regarding long range transport, the applicant conducted a literature
search that was not considered satisfactory due to insufficient reporting of relevance criteria. The reports that were
considered relevant by the applicant are nonetheless evaluated by the RMS in this section. For a description and
evaluation of this literature search, see B.8.5.

The applicant argues that there are some differences between the physical-chemical properties of the two
compounds trifluralin and benfluralin that make benfluralin less prone to long range transport. The applicant
further argues that the use of benfluralin, involving soil incorporation, as opposed to trifluralin which is not soil
incorporated, is expected to result in even larger differences in their potential for long range transport.

The RMS agrees to the properties that have been listed by the applicant for trifluralin and benfluralin. Trifluralin
has higher volatility and lower adsorption in soil than benfluralin, although both compounds can be considered to
be highly volatile and adsorb strongly to soil. The RMS finds it relevant to take into account that benfluralin is to
be soil incorporated after application in the evaluation of its long range transport potential. The RMS thinks it is
likely that benfluralin would adsorb strongly to soil after incorporation and that volatilization would be expected
to be lower for benfluralin than for trifluralin because of this, even though the RMS notes that uses of trifluralin
involve both soil incorporation and surface application. The applicant states that no significant volatility was
observed when benfluralin was incorporated in soil, which is true for the Knoch and Heim (2002c) study.
However, the aerobic laboratory degradation study where benfluralin was mixed into the soil (Kercher, 2018) also
measured amounts of volatile compounds and the RMS suggests that these data could be considered to give an
indication of whether volatilization would occur after incorporation. The volatilization amounted to 0.7 and 2.4%
AR at day 62, respectively, indicating that some volatilization did occur. To what extent volatilization had
occurred during lab and field studies with benfluralin was also part of an expert discussion regarding the P criteria
in soil. The experts agreed that contribution of volatilization was greater in the laboratory study where benfluralin
was applied to the soil surface (Roohi and Cooper, 2015) than in the study where benfluralin was soil incorporated
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(Kercher, 2018). In the field studies on benfluralin degradation, volatilization was not accounted for via
measurement, and the experts considered that volatilization could be expected to be significant before
incorporation of the test substance into soil, but not after its incorporation. Therefore, the RMS concludes that
when considering the representative use of benfluralin (which involves soil incorporation), the studies discussed
above indicate a low volatilization potential. The amount of substance entering the atmosphere is therefore
considered to be low and its long range transport potential may be limited. However, if considering long range
transport potential as property of the chemical and thus disregarding whether the substance is to be soil
incorporated or not, the potential for long range transport cannot be ruled out since benfluralin is expected to
volatilize when not incorporated into the soil.

The RMS is of the opinion that on the basis of the three acceptable publications with benfluralin monitoring
results in air/rain that were presented by the applicant it is difficult to reach a definitive conclusion on the longrange transport potential of benfluralin, since data on benfluralin is scarce and none of the studies have measured
benfluralin in remote areas. In one of the studies (Foreman et al., 2000) benfluralin was primarily found in the gas
phase of the air samples, indicating that benfluralin may not be sorbed to particles during transport in air.
Furthermore, the results suggest that benfluralin is less prone to transport via air than trifluralin.

In conclusion, the RMS considers that the soil incorporation of benfluralin most likely will decrease its potential
for transport via air since this would limit the amount of substance entering the atmosphere via volatilization. For
uses that do not involve incorporation and which not are comprised by the current evaluation, the potential for
long-range transport would be expected to be greater. Monitoring data on benfluralin in air/deposition is scarce
and not considered appropriate to indicate the long-range transport potential of benfluralin.

B.8.3.3

Local and global effects

The following information was presented by the notifier in the M-CA document
According to FOCUS AIR (SANCO/10553/2006 [2008]) “emissions of currently used pesticides are likely to be
negligible compared of emissions of other substances such as CO 2, and hence the effects on the atmosphere are
likely to be marginal in comparison. In conclusion it can be stated that for substances that are applied in high
volumes the following adverse effects can potentially occur:
- Ozone depletion potential (ODP) in the stratosphere, only if the chemical is volatile and atmospheric
residence time of >1 year
- Accumulation in the troposphere, only if the chemical is a gas and the atmospheric residence time is
>20 years”
In the same report it is noted that only a chemical that contains one or more Cl or Br substituents has a potential to
impact on stratospheric ozone. “Other halogens do not play an important role in the stratospheric depletion”.
Benfluralin contains no Cl or Br atoms and has a half-life of 0.24 days (which is also the worst case residence time
in the situation where no deposition losses are accounted for). Therefore, benfluralin is not expected to be
transported to the stratosphere or cause any ozone depletion.
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RMS comments and conclusions
The argumentation is considered acceptable.

B.8.4

Monitoring data concerning fate and behaviour of the active substance, metabolites, degradation
and reaction products

A survey was conducted of benfluralin occurrence in monitoring programmes and data across 15 EU Member
States, Norway and Switzerland (Wright et al. 2003). Benfluralin does not appear to be included in the monitoring
programs conducted by the national or regional authorities of the countries surveyed, indicating that benfluralin is
not considered a priority substance. Where data had been collected, no occurrences of benfluralin residues were
found. From the literature search, no publications could be found showing any detections of benfluralin in ground
water, surface water or wet deposition. Water monitoring within several years in Italy (Pasti, 2007; Tarola and
Petri, 2010) and in Spain (Barco-Bonilla, 2013) did not show any detections of benfluralin in river or drinking
water springs. No information however about the uses of benfluralin were reported. In studies investigating
pesticides in wet deposition in the US, no benfluralin was detected above limit of detection (Capel et al. 1998;
Vogel et al. 2008). Another study investigating pesticides in wet deposition in the US detected benfluralin in
100% of the air samples from the urban sampling, and < 10% agricultural sampling sites (Foreman et al. 2000).
Additionally, two publications that did not include benfluralin among the analysed compounds were included by
the applicant (Dubus et al., 2000 and Kreuger et al., 2017). The publications are presented in further detail below.
Study CA 7.5/01 – Wright and Horth 2003
Study CA 7.5/02 – Barco-Bonilla et al. 2013
Study CA 7.5/03 – Pasti et al. 2007
Study CA 7.5/04 – Tarola and Preti 2012
Study CA 7.5/05 – Capel et al. 1998
Study CA 7.5/06 – Foreman et al. 2000
Study CA 7.5/07 – Vogel et al. 2008
Study CA 7.5/08 – Dubus et al. 2000
Study CA 7.5/09 – Kreuger et al. 2017

Reference:

Wright, K., Horth, H. (2003) Review of monitoring and occurrence of benfluralin in
groundwater and surface water in Europe

Report number:

Water Research Centre, Report No. CO 5063

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Acceptable

Previous evaluation

In DAR (2006)
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Methodology

A survey was conducted of benfluralin monitoring programmes and occurrence data
across 15 EU Member States, Norway and Switzerland. The study focused on data for
surface waters and groundwater. The survey was conducted by the Water Research
Centre (WRc) in the UK, who approached contacts at national or regional authorities
and research institutes in each of the 17 countries for data obtained though relevant
research projects and/or national or regional monitoring programmes. Additional data
was sought via internal (WRc) and external (e.g. British Library) literature searches.
The data obtained were critically assessed.

Findings
Only a limited amount of data was obtained. No data were obtained for Belgium, France, Greece, Italy and Spain
where benfluralin is registered for use. The only data obtained were provided by Germany from a survey
conducted in 1994.

The survey covered the monitoring of 305 active substances over 14 Federal states.

Benfluralin was only monitored in two Federal states at 11 sampling sites (including surface water abstraction
points, groundwater wells and groundwaters affected by surface water input, i.e. shallow groundwater and bank
filtrate). The sites where benfluralin was monitored only represented about 0.5% of all reported sites. Benfluralin
was not found in any of the reported samples, the limits of detection were in the range 0.01 µg/L to 0.25 µg/L.
Conclusions
Benfluralin does not appear to be included in the monitoring programs conducted by the national or regional
authorities of the countries surveyed (which included 15 EU member states, Norway and Switzerland), indicating
that benfluralin is not considered a priority substance. Where data had been collected, no occurrences of
benfluralin residues were found.

RMS comments and conclusions
The study is considered acceptable.

Reference:

Barco-Bonilla, N., Romero-Gonález, R., Plaza-Bolaños P., Martinez Vidal, J. L.,
Garrido Frenich, A. (2013) Systematic study of the contamination of wastewater
treatment plant effluents by organic priority compounds in Almeria province (SE
Spain)

Report number:

Science of the Total Environment (2013) Vol. 447, pp. 381-389

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Supplementary

Previous evaluation

Submitted for the purpose of renewal
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Methodology

A study was conducted on the occurrence of priority organic pollutants, including
pesticides, polycyclic aromatic hydrocarbons (PAHs) and volatile organic compounds
(VOCs) in wastewater (WW) effluents. The study was conducted in a semi-arid area,
Almeria (Southeastern Spain), characterized by high agriculture and tourism activity.
Twelve wastewater treatment plants (WWTPs) were sampled in three campaings during
2011, with a 2-month interval. The sampling locations were distributed along the East,
West and centre of the providence, covering areas of different characteristics. Water
was extracted by solid phase SPE. Non-polar pesticides were analysed using a GC
system Varian 3800 (Varian Instruments, Sunnyvale, CA, USA) equipped with
electronic flow control (EFC). Polar pesticide analysis was performed in an Acquity
UPLC system (from Waters, Manchester, UK).

Findings
In general pesticide concentration ranged from 0.03 µg/L to 5.35 µg/L. Only 23 out of the 167 non-polar
pesticedes analyzed were detected. With procymidone having the highest concentration (5.35 µg/L). The
pesticides most frequently detected were ethoprophos and chlorfenvinphos. Some organochlorine pesticedes
(OCPs) were detected despite being banned for several uses, such as aldrin, pentachlorbenzene, o,p´-DDD and
endosulfan. For the polar pesticides, diuron, linuron, sebuthylazine, terbuthylazine and terbumeton were usually
detected in all the sampling campaigns. In general, the concentrations were below 0.30 µg/L, except from diuron
and linuron showing some peaks.

RMS comments and conclusions
No benfluralin was detected above limit of quantification (LOQ) in samples of wastewater effluents. No
information about the pesticide uses was given. The RMS considers this study to be complementary to the
assessment of benfluralin.

Reference:

Pasti, L., Nava, E., Morelli, M., Bignami, S., Dondi, F. (2007) GC/MS Analysis of
pesticides in the Ferrara area (Italy) surface water: A chemometric study

Report number:

Annali di Chimica, Vol. 97 (5-6), pp. 359-372, by Società Chimica Italiana

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Supplementary

Previous evaluation

Submitted for the purpose of renewal

Methodology

Concentration of 42 pesticides was determined by GC-MS along the sub-humid Ferrara
area rivers which is a part of the Po river basin (in the Emilia Romagna (ER) region in
the northern eastern part of Italy). Here, farming activities involve 31,000 km2 of
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cultivated land, 50% of which is irrigated, and the percentage of agriculture land is
about 89%. Data was collected monthly over a three-year period (2002-2004). Samples
were collected following the ARPA protocol from 11 sampling points that draw from
five different surface waters. AutoTrace workstation SPE (Caliper Life Science,
Hopkinton, MA, USA) was used for solid phase extraction. GC/MS analysis was
conducted on an Agilent Technologies 6890 GC/5973 MSD (Agilent Technology,
Santa Clara, CA, USA). Multivariate chemometric techniques were used for data
analysis.

Findings
The main goal of the study was to check the efficiency of the sampling plan in the Ferrara area and to define the
best spatial locations for the sampling points. The obtained results show that the monitoring network should be
modified in both spatial and temporal distribution of the sampling. 20 pesticides were detected during the threeyear period. No benfluralin was detected above the detection limit.

RMS comments and conclusions
No benfluralin was detected above the detection limit in samples of surface water. No information about the
pesticide uses was given. RMS considers this study to be complementary to the assessment of benfluralin.

Reference:

Tarola, A.M., Preti, R. (2012) Monitoring of pesticides residues in Italian mineral
waters by solid phase extraction and gas chromatography mass spectrometry

Report number:

Journal of water resource and protection (2012) Volum 4, page 842-846

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Supplementary

Previous evaluation

Submitted for the purpose of renewal

Methodology

Mineral water samples, from three Italian regions, were collected in a three-year period
from 2006 to 2008. Each year, during the summer season, in each region ten wells
were sampled, for a total of 90 samples collected. The pesticides were extracted by
solid phase SPE following the EPA method n525 guidance. All analysis was performed
with Finnigan Trace GC ultra gas chromatograph coupled to a Finnigan Polaris Q mass
spectrometer (Thermo Electron Co., Austin, Texas). The limit of detection (LOD) for
benfluralin was 0.002 µg/L. In all cases the relative standard deviations (RSD) were
lower than 7% and the recoveries ranging from 86% to 105% evaluated at 0.05 µg/L
spiked level.
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Findings
No benfluralin was detected above the LOD.

RMS comments and conclusions
No benfluralin was detected above the LOD in samples from mineral waters springs in area with high use of
pesticides. No information about the pesticide uses was given. The RMS considers this study to be complementary
to the assessment of benfluralin.

Reference:

Capel, P. D., Lin, M., Wotzka, P. J. (1998) Wet atmospheric deposition of pesticides
in Minnesota, 1989-94

Report number:

U.S. Geological Survey, Water-Resource Investigations Report 97-4026

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Supplementary

Previous evaluation

Submitted for the purpose of renewal

Methodology

Rain was sampled at locations that varied through the years, 1989-94, and a total of 12
sites were sampled throughout Minnesota. They covered various land use areas, ranging
from dense forests to intensive row crops. The precipitation collector (Aerochem
Metrics Inc., model 301) was modified for this study and throughout the study years to
minimize the potential for sorption and contamination of pesticides by the plastic
container, pesticide losses due to degradation and the inconvenience of transport of
precipitation samples. Sampling occurred on a precipitation event basis from March
1989 to June 1990. While from 1991-94 samples were integrated for a period of one
week and collected every Tuesday (if the amount of precipitation was greater than
0.635 cm/300 mL). Snow was collected on an event basis during the winter of 1989-90
at one location. Storm water was collected at a few locations using an ISCO model
3700 automatic sampler. The analytical methods were modified from 1989 to 1994 and
number of target analytes increased from 4 to 35 during this period. Final analysis were
performed by gas chromatography/mass spectrometry. For most of the sample analyses
the recovery of surrogate standard compounds varied from 70-120%. The detection
limit was 0.01 µg/L (for a few exceptions limit of detection was 0.02 µg/L).

Findings
All the rain samples throughout the growing season had detectable quantities of at least one pesticide, but most
pesticides were only infrequently observed. Peak concentrations of most herbicides in rain occurred shortly after
their application periods in spring. While peak concentrations of most insecticides occurred later in the summer.
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Annual variability could be explained by year-to-year differences in climate and pesticide use patterns. The one
area dominated by row-crop agriculture showed substantially greater annual flux compared the other sites. The
observation of agriculture pesticides (not registered for home and garden use) in rain and stormwater runoff in the
urban area indicates their transportation from areas of agriculture use.

RMS comments and conclusions
No benfluralin was detected above limit of detection. Trifluralin, however, was detected in rain water samples
from May through September at a few sites between 1993-94, ranging from 0.01-0.21 µg/L. The RMS considers
this study to be complementary to the assessment of long range transport of benfluralin.

Reference:

Foreman, W. T., Majewski, M. S., Goolsby, D. A., Wiebe, F. W., Coupe, R. H.
(2000) Pesticides in the atmosphere of the Mississippi river valley, part II - Air

Report number:

Science of the total environment, 5;248(2-3):213-26

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Supplementary

Previous evaluation

Submitted for the purpose of renewal

Methodology

Weekly composite air samples were collected from early April through mid-September
1995 at three paired urban and agricultural sites along the Mississippi river region of
the Midwestern United States located in Mississippi, Iowa, and Minnesota. Air samples
were collected using a conventional high-volume sampler (Graesby-Anderson,
Incorporated). Each sample was analysed for 49 compounds, including benfluralin, by
gas chromatography operated in the selected-ion-monitoring mode (GC/MS-SIM).

Findings
Benfluralin was detected in 100% of the air samples from the urban sampling sites Iowa City and Minneapolis, but
no concentrations were reported. In the samples from agricultural sampling sites in Cedar Rapid and Princeton,
and the urban sampling site Jackson, benfluralin was detected in some samples, respectively; < 10%, < 30% and <
10%. Trifluralin was detected to a greater extent than benfluralin in agricultural areas. Both compounds showed
preference for the gas phase of the air samples. In air samples of a background site situated approximately 10 km
from agricultural areas trifluralin was detected in one sample, whereas benfluralin was not detected.

RMS comments and conclusions
The study lacks information about concentration and limit of detection. Also, the report does not discuss whether
the higher detection frequency of trifluralin compared to benfluralin in agricultural field sites reflects the greater
potential of air transport for trifluralin, whether it is a result of trifluralin being used more in agriculture than
benfluralin or whether it is a result of different limits of detection (although, for the laboratory reporting limits, the
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authors refer to an article by Majewski et al., 1998). The background site cannot be considered remote due to its
relatively close proximity to agricultural areas (approx. 10 km), and thus results from this site are of limited value
when it comes to assessing long range transport potential.

Reference:

Vogel, J.R., Majewski, M.S., Capel, P.D. (2008) Pecticides in rain in four agricultural
watersheds in the United States

Report number:

USGS Staff – Published Research. 3.

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Supplementary

Previous evaluation

Submitted for the purpose of renewal

Methodology

Rainfall samples were collected at single location in small, well defined, intensively
agricultural watershed in Maryland, Indiana, Nebraska, and California during the 2003
and 2004 growing seasons. The samples were analysed for 21 insecticides, 18
herbicides, three fungicides, and 40 pesticide degradants. The rainfall samples were
collected using modified AeroChemetrics (Bushnel,FL) samplers, which collected wet
deposition only. Rain samples were filtered through a Supor (Pall Corporation, East
Hills, NY) membrane filter (0.45 µm pore diameter). The pesticides were isolated from
the water by solid-phase extraction and analysed using gas chromatography-mass
spectrometry and high-performance liquid chromatography-mass spectrometry.

Findings
In the study, 7 of the 10 most frequently detected pesticides for all sites were herbicides, with arrazine (70%) and
metolachlor (83%) detected at every site. Dacthal, acetoclor, simazine, alachlor, and pendimethalin were detected
in more than 50% of the samples. Of the remaining pesticides parent compounds, 18 were detected in fewer than
30% of the samples, and 13 were not detected. Benfluralin was only detected in samples taken in Nebraska (3%).
However, benfluralin was not detected above the laboratory reporting limit (0.01 µg/L). In the study values below
the reporting limit have been calculated.

RMS comments and conclusions
The RMS does not agree on calculating values below the laboratory reporting limit. Benfluralin is not detected
above the laboratory limit. The sites cannot be considered remote, and thus results from this site are of limited
value when it comes to assessing long range transport potential. The RMS considers this study to be
complementary to the assessment of long range transport of benfluralin.
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Reference:

Dubus et al. (2000). Pesticides in rainfall in Europe

Report number:

Environmental Pollution 110 331-344

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Not relevant

Previous evaluation

Submitted for the purpose of renewal

Methodology

Papers and published reports investigating the presence of pesticides in rainfall in
Europe were reviewed. Approximately half of the compounds that were analysed for
were detected.

RMS comments and conclusions
The applicant states that no detections of benfluralin were reported in this review paper from 2000. In table 3 the
authors summarize detected and non-detected pesticides. Benfluralin was not reported among the non-detected
pesticides and it is therefore likely that benfluralin was not analyzed for in any of the papers that were included in
the review report. Therefore, the RMS views the publication as not relevant for the discussion of the long range
transport potential of benfluralin

Reference:

Kreuger et al., (2017). Long-term monitoring of pesticides in air and atmospheric
deposition in Sweden. Pesticide Behaviour in Soils, Water and Air York, UK 30 August
– 1 September 2017.

Report number:

Not applicable (presentation)

Guidelines:

Not applicable.

GLP:

Not applicable.

Acceptability:

Not relevant

Previous evaluation

Submitted for the purpose of renewal

Methodology

The presentation summarizes the results from the Swedish National Monitoring
Programme of pesticides in air and atmospheric deposition from 2002 -2015. In the
conclusions, the following has been summarized: Currently used pesticides are regularly
detected at ng/L levels in rainwater, with occasional µg/L level findings. There is a
significant contribution to atmospheric deposition in southern Sweden from pesticides
not used within Sweden, i.e. a transboundary atmospheric transport of pesticides.

RMS comments and conclusion
The applicant states that trifluralin was detected in air samples in the Swedish monitoring programme, but that
benfluralin was not reported. The RMS has checked the report that details the data that are given in the
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presentation3. The report includes an overview of which pesticides that have been analyzed for in rain and air in
the monitoring programme (see Appendix 1 table 1:8 in Sjöberg et al, 2016). Trifluralin is included, but
benfluralin is not included. Therefore, the RMS views the publication as not relevant for the discussion of the long
range transport potential of benfluralin.

B.8.5

References relied on

Literature search:
The literature search carried out by the applicant was summarised in the literature review report in Document
KCA section 9 and the relevant publications identified through the literature search are summarised in Document
MCA section 9. The RMS considers the literature search provided as acceptable.
Databases: STN, a scientific information platform hosted by CAS, itself a division of the American Chemical
Society, was selected as a provider. A broad collection of 16 relevant databases were used for the literature search
through STN. Dialog is one of the leading worldwide providers of online-based information in science. A broad
collection of 24 relevant databases were used for the literature search through dialog.
Time window: August 2006 – May 2016.
Input parameters: ISO common name of active substance, active substance synonyms, product names, active
substance development codes, product development code, impurities noted in the last EU review, IUPAC name,
Chemical name, CIPAC, CAS number, EEC number and metabolites plus synonyms.
Search terms:
Description/justification of search terms
ISO common names of active substance
Active substance synonyms

Product name(s)

Active substance development code
Product development code
Impurities noted in the last EU review
IUPAC names:
Chemical name:
CIPAC
CAS numbers:
EEC Number:

3

Search terms
Benfluralin
Benefin
Benthrodine
Benfluraline
Bonalan
Balan
Binnell
Benephin
Flubalex
Benefex
EL-110 LY 54521
EF-1533
ethyl-butyl-nitrosamine
N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-p-toluidine
N-butyl-N-ethyl-2,6-dinitro-4-(trifluoromethyl)
Benzenamine
285
1861-40-1
217-465-2

Sjöberg, K., et al. 2016. Nationell luftövervakning - Sakrapport med data från övervakning inom Programområde Luft t.o.m. 2015. IVL
Rapport C 224. 126 pp (in Swedish): https://www.slu.se/globalassets/ew/org/centrb/ckb/publikationer/morapporter/ivl_rapport_c224_nationell-luftovervakning_data_tom_2015.pdf
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Metabolites plus synonyms:

Benfluralin diamine
N2-butyl-N2-ethyl-3-nitro-5-(trifluoromethyl)
benzene-1,2-diamine
N2-butyl-N2-ethyl-5-(trifluoromethyl)-1,2,3benzenetriamine
Ethyl propyl benzimidazole
1-ethyl-7-nitro-2-propyl-5-(trifluoromethyl)1Hbenzimidazole
2,6-dinitro-4-(trifluoromethyl)-phenol
des-alkyl benfluralin diamine
3-nitro-5(trifluoromethyl)-1,2-benzenediamine
propyl benzimidazole
4-nitro-2-propyl-6-(trifluoromethyl)-1Hbenzimidazole
methyl benzimidazole
2-methyl-4-nitro-6-(trifluoromethyl)-1Hbenzimidazole
ethyl propyl benzimidazole
1-ethyl-7-nitro-2-propyl-5-(trifluoromethyl)1Hbezimidazole

Relevance:
Studies relevant to the dossier are those that inform one or more data requirement(s), including hazard
identification, hazard characterisation and exposure assessment, for the active substance under assessment, its
relevant metabolites, or plant protection products.
Assessment of studies for relevance was carried out by reference to their titles and if necessary abstracts. Those
studies that were considered to meet the relevance criteria, following review of their abstracts were obtained. The
full-text of these documents was assessed further to determine whether the information contained in the study
could impact on the endpoints and risk assessment parameters related to the active substance. Reviews of the
relevance and reliability of the articles brought up in the literature search were carried out by experts in the
relevant technical disciplines.
As part of the determination of relevancy, the following criteria are considered to be fundamental when
considering the relevance of an open-literature study:







Generally, degradation studies are considered relevant if they are carried out with the active substance
only, and not with mixtures, since this may significantly influence the degradation behaviour. For
laboratory soil degradation studies, the substrate used needs to be considered; in order to realistically
reflect agro-ecosystems, it is crucial that the study is conducted with soil and that the soil is not
contaminated and is representative of European agricultural soils. Temperature and moisture should be
considered as reliability criteria. For field studies, relevance is based on (pedo-)climatic conditions being
representative for European agriculture.
The application of the test material needs to be considered because studies are not considered relevant if
the application rates are significantly outside the representative use or the active substance is applied as a
by-product (e.g. as a component of organic soil amendments).
For adsorption studies, the substrate used needs to be considered.
Relevance criteria for the aquatic compartment are analogous to those of soil-related data requirements.
Monitoring studies, including those for air, may be considered relevant if the areas investigated are
representative for Europe. Studies which are purely analytical, i.e. they determine levels of the active
substance in certain environmental compartments, are not considered as relevant
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The criteria considered for relevancy of studies relating to individual environmental fate data requirements are
detailed in the table below:
Data requirement (data point)
Active substance
Fate and behaviour in soil (KCA 7.1)

Fate and behaviour in water and sediment
(KCA 7.2)

Fate and behaviour in air (KCA 7.3)

Relevancy criteria considered
1. Well-defined test material applied as active substance or plant
protection product (not as a by-product or ingredient of a soil
amendment).
2. Substrate is a representative soil for agricultural uses with
well-defined soil properties (e.g. pH, organic carbon content,
microbial biomass etc). This is also relevant for field studies.
3. No previous contamination of the soil.
4. Active substance is not applied as a mixture with other active
substances.
1. Well-defined test material applied as active substance or plant
protection product.
2. Test samples used are samples from representative European
aquatic resources with no contamination
3. Active substance is not applied as a mixture with other active
substances.
1. Well-defined test material
2. Areas investigated are relevant for Europe.

Reliability:
The reliability assessment for any relevant studies was carried out according to Klimisch et al. (1997). Within
Klimisch et al. (1997) the following codes and categories of reliability are assigned:
Code
1

Category
Reliable without restriction

2

Reliable with restriction

3

Not reliable

4

Not assignable

1 Reliable without restriction
This includes studies or data from the literature or reports which were carried out or generated according to
generally valid and/or internationally accepted testing guidelines (preferably performed to GLP) or in which the
test parameters documented are based on a specific (national) testing guideline (preferably performed according to
GLP) or in which all parameters described are closely related/comparable to a guideline method.
2 Reliable with restrictions
This includes studies or data from the literature, reports (mostly not performed according to GLP), in which the
test parameters documented do not totally comply with the specific testing guideline, but are sufficient to accept
the data or in which investigations are described which cannot be subsumed under a testing guideline, but which
are nevertheless well documented and scientifically acceptable.
3 Not reliable
This includes studies or data from the literature/reports in which there are interferences between the measuring
system and the test substance or in which organisms/test systems were used which are not relevant in relation to
the exposure (e.g., unphysiologic pathways of application) or which were carried out or generated according to a
method which is not acceptable, the documentation of which is not sufficient for an assessment and which is not
convincing for an expert judgement.
4 Not assignable
This includes studies or data from the literature, which do not give sufficient experimental details and which are
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only listed in short abstracts or secondary literature (books, reviews, etc.).
Results:
A total of 195 publications were found. 188 summary records were excluded after a rapid assessment of relevance,
and 7 full-text documents were assessed in detail (Barco-Bonilla et al. 2013, Borrás et al. 2011, Bro et al. 2015,
Padilla et al. 2012, Pasti et al. 2007, Sokolová et al. 2013 and Tarola & Preti 2012). Articles of potential relevance
to the regulatory data package for the active substance were investigated in further detail by examining the abstract
and/or the full article text. Where articles were considered to meet the criteria for relevance, an assessment of the
reliability of the study was carried out based on the approach described in Klimisch et al., (1997). Of these 7
publications 3 were excluded after detailed assessment for relevance. A reference list containing the 4 relevant and
reliable publications identified by the literature search were included in Document MCA section 9. The studies
considered relevant and reliable related to the following EU data points:



CA 7.5 Monitoring Data
CA 8.2.2.1 Fish early life stage toxicity test

Conclusion:
Of the 4 relevant publications, 3 of the publications are relevant to the environmental fate part of the data package
(Barco-Bonilla et al. 2013, Pasti et al. 2007 and Tarola & Preti 2012), and 1 is relevant to the ecotoxicology part
of the data package (Padilla et al. 2012). The three relevant environmental fate studies have been evaluated in this
volume under section B.8.4.
Transport via air – long range transport:
An individual formal literature search was conducted by the applicant for benfluralin detections in air and
rainwater and its potential for long range transport. This following the request by EFSA and the concern of its
structural similarity with trifluralin, and its potential for long range transport. The literature search that was carried
out and the relevant publications identified are summarised by the applicant in Mamouni et al., 2018. No relevance
criteria were detailed in the report. The RMS therefore considers that there is insufficient reporting of the literature
search. The RMS has nonetheless evaluated the literature reports that were considered relevant by the applicant.
Proquest dialog databases: AGRICOLA, AGRIS, Aqualine, Aquatic Science & Fisheries Abstracts (ASFA),
BIOSIS® Toxicology, CAB ABSTRACTS, COS Conference Papers Index, Ecology Abstracts, Environment
Abstracts, GEOBASE, GeoRef, Meteorological & Geoastrophysical Abstracts, NTIS: National Technical
Information Service, Pollution Abstracts, ToxFile®, TOXLINE, Water Resources Abstracts.
Search statements:
-butyl-N-ethyl-trifluoro-2,6dinitro-p-butyl-N-ethyl-2,6-dinitro-4AND (volatilization OR volatilization OR air OR airborne OR atmospher*)
TI(pesticide*) AND TI(rain*)
The search statements resulted in 94 records. Three papers were found relevant and presented by the applicant
(Capel et al. 1998, Foreman et al. 2000, Vogel et al. 1998). The studies have been evaluated in this volume under
section B.8.4.
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New studies submitted for the purpose of renewal
Data point

Author(s)

Year

CA
7.1.1.1/03a

Roohi, A.,
Cooper, J.

2015

CA
7.1.1.1/03b

Roohi, A.

2016

CA
7.1.1.1/04

Kercher, S.

2018

CA
7.1.2.1.1/04

Roohi, A.,
Cooper, J.

2015

CA
7.1.2.1.2.1/0
1

Scherthan,
D.

2018

CA
7.1.2.1.3/02

Mamouni,
A., Jarvis,
T.

2016

CA
7.1.2.2.1/05

Mamouni,
A., Jarvis,
T.

2016

Title
Company Report No
Source (where different from
company)
GLP or GEP status
Published or not
[14C]-Benfluralin: Route and rate of
aerobic degradation in four soils at
20ºC
Dow AgroSciences, Report No.
140848
GLP
Unpublished
[14C]-Benfluralin: Analysis of two
sample extracts from study
YR/14/011 “Route and rate of
degradation in four soils under
aerobic conditions at 20ºC”
Dow AgroSciences, Report No.
140848A
GLP
Unpublished
Aerobic transformation of 14Clabelled Benfluralin in two soils
under laboratory conditions
RLP AgroScience GmbH, Report
Study No. AS542
GLP
Unpublished
[14C]-Benfluralin: Route and rate of
aerobic degradation in four soils at
20ºC
Dow AgroSciences, Report No.
140848
GLP
Unpublished
Rate of degradation of benfluralin
metabolite B12 in six different soils
RLP AgroScience GmbH, Report
Study No. AS532
GLP
Unpublished
Determination of rates of decline for
benfluralin and its metabolites, in
soil and aquatic system according to
the guidance within the FOCUS
Kinetics Guidance Document
Exponent International, Report No.
1507382.UK0 - 1898
Non-GLP
Unpublished
Determination of rates of decline for
benfluralin and its metabolites, in
soil and aquatic system according to
the guidance within the FOCUS
Kinetics Guidance Document
Exponent International, Report No.
1507382.UK0 - 1898
Non-GLP
Unpublished

Vertebrate
study

Data
protection
claimed

Justification
if data
protection is
claimed

Y/N

Y/N

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

Owner*
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Data point

Author(s)

Year

CA
7.1.2.2.1/07

Mamouni,
A., Jarvis,
T.

2017a

CA
7.1.2.2.1/06

Dial, G.E.

2009

CA
7.1.3.1.2/01

Scherthan,
D.

2017

CA
7.2.1.2/02

Ding, Y.

2016

CA
7.2.2.2/01

BlüthegenSchiller, N.

2016

CA
7.2.2.3/02

Mamouni,
A., Jarvis,
T.

2016

CA
7.2.2.3/03

Mamouni
A., Jarvis,
T.

2018

Title
Company Report No
Source (where different from
company)
GLP or GEP status
Published or not
Determination of normalised rates of
degradation for benfluralin in soil
field dissipation
Exponent International, Report No.
1507382.UK0 - 3191
Non-GLP
Unpublished
Frozen storage stability of
benfluralin in soil
Dow AgroSciences, Report No.
GHE-P-12487
GLP
Unpublished
Adsorption and desorption of
Benfluralin metabolite B12 in six
different soils using a batch
equilibrium method
RLP AgroScience GmbH, Study No.
AS533
GLP
Unpublished
Aqueous photolysis of benfluralin in
pH 7 buffer under xenon light
Dow AgroSciences, Report No.
150654
GLP
Unpublished
[14C]Benfluralin aerobic
mineralisation in surface water Simulation biodegradation test
IES< report No. 20150016
GLP
Unpublished
Determination of rates of decline for
benfluralin and its metabolites, in
soil and aquatic system according to
the guidance within the FOCUS
Kinetics Guidance Document
Exponent International, Report No.
1507382.UK0 - 1898
Non-GLP
Unpublished
Determination of rates of decline for
benfluralin in water sediment
according to Appendix 11 of the
FOCUS Kinetics Guidance
Exponent International, Report No.
1507382 UK0 – 7366
Non-GLP
Unpublished

Vertebrate
study

Data
protection
claimed

Justification
if data
protection is
claimed

Y/N

Y/N

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

N

Y

New study for
renewal
dossier

Gowan
Crop
Protection

Owner*
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Data point

Author(s)

Year

CA 7.3.2/01

Mamouni,
A., Jarvis,
T., Willlis,
A.

2018

CA 7.5/02

BarcoBonilla, N.,
RomeroGonález,
R., PlazaBolaños P.,
Martinez
Vidal, J. L.,
Garrido
Frenich, A.
Pasti, L.,
Nava, E.,
Morelli, M.,
Bignami,
S., Dondi, F

2013

CA 7.5/04

Tarola,
A.M., Preti,
R.

2012

CA 7.5/05

Capel, P.
D., Lin, M.,
Wotzka, P.
J.

1998

CA 7.5/06

Foreman,
W. T.,
Majewski,
M. S.,
Goolsby, D.
A., Wiebe,
F. W.,
Coupe, R.
H.
Vogel, J.R.,
Majewski,
M.S.,
Capel, P.D.

2000

CA 7.5/03

CA 7.5/07

2007

2008

Title
Company Report No
Source (where different from
company)
GLP or GEP status
Published or not
Response to EFSA Letter Comment
20 Benfluralin Peer Review of
Active Substances (AIR IV) EFSA
letter of 26 March 2018
(ref JT/TM/al (2018) – out19199524)
Report Number: 1507382.UK0 –
9224
Non-GLP
Unpublished
Systematic study of the
contamination of wastewater
treatment plant effluents by organic
priority compounds in Almeria
province (SE Spain)
Science of the Total Environment
(2013) Vol. 447, pp. 381-389
GLP: n.a.
Published

Vertebrate
study

Data
protection
claimed

Y/N

Y/N

N

N

N

N

GC/MS Analysis of pesticides in the
Ferrara area (Italy) surface water: A
chemometric study
Annali di Chimica, Vol. 97 (5-6),
pp. 359-372, by Società Chimica
Italiana
GLP: n.a.
Published
Monitoring of pesticides residues in
Italian mineral waters by solid phase
extraction and gas chromatography
mass spectrometry
Journal of water resource and
protection (2012) Volum 4, page
842-846
GLP: n.a.
Published
Wet atmospheric deposition of
pesticides in Minnesota, 1989-94
U.S. Geological Survey, WaterResource Investigations Report 974026
GLP: n.a.
Published
Pesticides in the atmosphere of the
Mississippi river valley, part II - Air
Science of the total environment,
5;248(2-3):213-26
GLP: n.a.
Published

N

N

N

N

N

N

N

N

Pecticides in rain in four agricultural
watersheds in the United States
USGS Staff – Published Research. 3.
GLP: n.a.
Published

N

N

Justification
if data
protection is
claimed

Owner*

Gowan
Crop
Protection
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Studies relied upon for the first inclusion of benfluralin in Annex I to Directive 91/414/EEC and for renewal
of approval under Regulation (EC) No 1107/2009

Data point

Author(s)

Year

CA
7.1.1.1/01a

Roohi, A.,
Cooper, J.

1990a

CA
7.1.1.1/01b

Knowles, S.

2010a

CA
7.1.1.1/02

Berard,
D.F.

1985

CA
7.1.1.2/02

Graper,
L.K.

1990b

CA
7.1.2.1.1/01

Graper,
L.K.

1990a

CA
7.1.2.1.1/02

Berard,
D.F.

1985

CA
7.1.2.1.1/03

Knowles, S.

2010b

CA
7.1.2.1.3/01

Knoch, E.,
Heim, L.

2003a

Title
Company Report No
Source (where different from
company)
GLP or GEP status
Published or not
Aerobic metabolism of 14C benefin
in sandy loam soil
Dow AgroSciences, Report No.
ABC0436
Non-GLP
Unpublished
Revised report - Benfluralin B12
metabolite: non-relevance rationale
from quantitative analysis
Dow AgroSciences, Report No.
GHE-P12409R
Non-GLP
Unpublished
Dissipation of 14C benefin in soils
maintained under aerobic conditions
Lilly Research Laboratories, Report
No. ABC-0289
Non-GLP
Unpublished
Anaerobic metabolism of 14C
benefin in sandy loam soil
Dow AgroSciences, Report No.
ABC0437
Non-GLP
Unpublished
Aerobic metabolism of 14C benefin
in sandy loam soil
Dow AgroSciences, Report No.
ABC0436
Non-GLP
Unpublished
Dissipation of 14C benefin in soils
maintained under aerobic conditions
Lilly Research Laboratories, Report
No. ABC-0289
Non-GLP
Unpublished
FOCUS Kinetics analysis to derive a
laboratory DT50 for benfluralin
from aerobic soil
Dow AgroSciences, Report No.
GHE-P-12478
Non-GLP
Unpublished
Anaerobic soil degradation of
benfluralin according to SETAC,
Part 1, 1.2 (March 1995)
Dow AgroSciences, Report No. IF101/25797-00
GLP
Unpublished

Vertebrate
study

Data
protection
claimed

Justification
if data
protection is
claimed

Y/N

Y/N

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

Owner*
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Data point

Author(s)

Year

CA
7.1.2.2.1/01

Clements,
B.

2002

CA
7.1.2.2.1/02

Clements,
B., Van
Acker, M.

2002a

CA
7.1.2.2.1/03

Stevenson,
K.

2003

CA
7.1.2.2.1/04

Clements,
B., Van
Acker, M.

2002b

CA
7.1.2.2.1/06

Dial, G.E.

2009

CA
7.1.3.1.1/01

Knoch, E.,
Batzer, F.R.

2003

CA
7.1.3.1.1/02

Saunders,
D.G.,
Powers,
F.L.

1987

CA
7.1.4.1.1/01

Saunders,
D.G.,
Powers,
F.L.

1991

Title
Company Report No
Source (where different from
company)
GLP or GEP status
Published or not
The dissipation of benfluralin in soil
following a single application of
Bonalan (EAF-286), Northern
France - 1997
Dow AgroSciences, Report No.
GHE-P-9923
GLP
Unpublished
The dissipation of benfluralin in soil
following a single application of
Bonalan (EAF-286), Belgium - 1997
Dow AgroSciences, Report No.
GHE-P-8411
GLP
Unpublished
The dissipation of benfluralin in soil
following a single application of
Bonalan (EAF-286), Belgium - 1998
Dow AgroSciences, Report No.
GHE-P-103669923
GLP
Unpublished
The dissipation of benfluralin in soil
following a single application of
Bonalan (EAF-286 Northern France
- 1998
Dow AgroSciences, Report No.
GHE-P-9915
GLP
Unpublished
Frozen storage stability of
benfluralin in soil
Dow AgroSciences, Report No.
GHE-P-12487
GLP
Unpublished
Benfluralin: Adsorption - desorption
Institut Fresenius, Report No. IF02/00022560
GLP
Unpublished
Adsorption and desorption of
benefin on soil
Lilly Research Laboratories, Report
No. EWD8724
Non-GLP
Unpublished
Benefin aged soil leaching study
Dow AgroSciences, Report No.
AAC9048
GLP
Unpublished

Vertebrate
study

Data
protection
claimed

Justification
if data
protection is
claimed

Y/N

Y/N

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

Owner*
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Data point

Author(s)

Year

CA
7.2.1.1/01

Knoch, E.,
Heim, L.

2002a

CA
7.2.1.1/02

1985

CA
7.2.1.2/01

Saunders,
D.G.,
Smith,
S.K.,
Mosier,
J.W.
Knoch, E.,
Heim, G.

CA
7.2.2.1/01

Lebertz, H.,
Heim, G.

2002

CA
7.2.2.3/01

Knoch, E.,
Heim, G.

2002b

CA 7.3.1/01

Knoch, E.,
Heim, G.

2002b

CA 7.5/01

Wright, K.,
Horth, H.

2003

2003b

Title
Company Report No
Source (where different from
company)
GLP or GEP status
Published or not
Hydrolysis of benfluralin at pH 4, 7,
and 9 according to EEC Method C7
(1993)
Institut Fresenius, Report No. IF101/25976-00
GLP
Unpublished
Hydrolysis of the herbicide benefin
in aqueous buffer solution
Lilly Research Laboratories, Report
No. EWD8447

Vertebrate
study

Data
protection
claimed

Justification
if data
protection is
claimed

Y/N

Y/N

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

Aqueous photolysis of benfluralin at
pH 5 according to SETAC, part 1,
Section 10 (March 1995)
Institut Fresenius, Report No. IF101/25798-00
GLP
Unpublished
Investigation on the ‘ready
biodegradability’ of benfluralin
according to OECD test guideline
301D
Institut Fresenius, Report No. IF101/37381-00
GLP
Unpublished
Aerobic aquatic degradation of
benfluralin according to BBA
guideline part IV, section 5-1 (1990)
Institut Fresenius, Report No. IF101/25543-00
GLP
Unpublished
Benfluralin volatilization. Atkinson
calculation and volatilization from
soil and dwarf runner bean when
formulated as 180 g a.s./L EC
Institut Fresenius, Report No. IF101/25799-00
GLP
Unpublished
Review of monitoring and
occurrence of benfluralin in
groundwater and surface water in
Europe
Water Research Centre, Report No.
CO 5063
Non-GLP
Unpublished

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

Owner*
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B.9

Ecotoxicology

This document presents evaluations of studies on the active ingredient and individual metabolites.
Document B.9 on the Plant Protection Product presents evaluations of studies carried out on the formulated
product, as well as the environmental risk assessment.
Overall summaries and derivation of endpoints are presented in Volume 1, Level 2.
Many of the experimental studies submitted to support the Annex I inclusion and evaluated in the DAR (2007)
have been re-evaluated in this RAR. This has been done to reflect development of new guidance documents and
OECD guidelines.
Molecular structure, names, and codes of the active substance are shown in the table below.

Chemical name:

N-butyl-N-ethyl-α,α,α-trifluoro-2,6-dinitro-p-toluidine (IUPAC)

Trivial name:

Benfluralin (ISO)

O
+

N O

-

F
F

N
F

+

N O

-

O

Mol. formula:

C13H16F3N3O4

Mol. weight:

335.3 g/mol

RMS: NO
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B.9.1 Effects on birds and other terrestrial vertebrates

B.9.1.1 Effects on birds

B.9.1.1.1 Acute oral toxicity to birds
The available data on avian toxicity of benfluralin is summarized in the table below. Endpoints used for risk
assessment are highlighted in bold.
Table 9.1.1.1-1:

Summary of the data on avian toxicityof benfluralin

Test species

Test
substance

Time scale

Endpoint

Toxicity (mg a.s./kg
bw/day)

Bobwhite
quail
Colinus virginianus

Benfluralin

Acute oral

LD50

>2000

Canary
Serinus canaria

Benfluralin

Reference
CA 8.1.1.1/01
,
1985
CA 8.1.1.1/02

Acute oral

LD50

>2000

,
2014

CA 8.1.1.1/01
Reference:

(1985) The Toxicity of Benefin to Bobwhite in a
14d Acute Oral Study.

Company Report No.:

A01085

Guideline:

In house method equivalent to SETAC (1995). Deviations : No macropathological
examination of survivors at test-end.

GLP:

Yes

Acceptability:

The study is still considered valid and acceptable for use in the risk assessment

Previous evaluation:

In DAR (2007)

Material and methods:
Test substance:

Benfluralin (benefin, 54521), chemical purity: 97.3 %, batch n°: 231EF4

Test species:

bobwhite quail (Colinus virginianus)

Sex, weight, age:

6 males and 6 females per treatment group, 2 birds of the same sex housed per pen,
205  10.9 g (males), 206  11.2 g (females), 23 weeks old at test initiation

Preparation of birds:

Birds were acclimated for 15 days prior to test initiation. Birds were randomly
assigned to control and treatment pens. The birds were fasted for at least 17 h
prior to dosing.

Avian feed and water:

Teklad diet JQ22 and Grenfield city water were provided ad libitum during the
acclimation period that preceded dosing and the 14-day observation period.

Applied concentrations:

Vehicle control (8 ml/kg bw, 10% acasia); 125, 250, 500, 1000, 2000 mg a.s./kg
body weight

Type of application:

Single oral doses prepared in 10% aqueous acasia suspension (8 ml/kg bw) and
administrated by gavage.

Post-dosing observation:

14 days

RMS: NO
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Housing condition:

The test birds were housed in stainless steel pens (two birds per pen) during the
acclimation and subsequent test period. The pens measured 25.4 cm x 45.2 cm x
17.8 to 22.3 cm (W x L x H).

Test conditions:

Photoperiod : 8:16 hours light-dark cycle
Temperature: not reported
Relative humidity: not reported

Observations:

During acclimation all birds were observed daily for changes in behaviour, physical
condition and mortality. Individual body weights were recorded at the initiation and
termination of the acclimation period. Following dosing, observations were made
at least twice each day on weekdays and once each day on weekends to check for
mortalities and other symptoms of toxicity. Body weights were recorded on days 0,
3, 7 and 14. Food consumption was measured in the intervals between days 1 to 3,
4 to 7 and 8 to 14.

Results:
Mortality: No mortalities occurred in the control or in any of the treatment groups.
Clinical signs: Treatment-related loose feces were observed in the treatment levels of 250, 500, 1000 and 2000
mg a.s./kg body weight. Also, yellow colored feces were observed from birds in the 250, 500, 1000 and 2000 mg
a.s./kg body weight treatment levels. Pen-mate aggression occurred in the control group and in the 250 mg a.s./kg
body weight treatment level.
Macroscopic post mortem examination: no data
Body weight: No treatment-related differences were observed.
Feed consumption: No treatment-related differences were observed.
Previous conclusion:
The study is acceptable.
Endpoints:
LD50 (Colinus virginianus) > 2000 mg a.s./kg body weight
NOEC (Colinus virginianus) = 125 mg a.s./kg body weight
RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD guideline 223 (2016).
Validity of the test:


If there is any more than 10% mortality in the control group, the study is considered
invalid.

There was no mortality in the control, therefore the validity criterion of no more than 10%
mortality in the control group was met. The test is considered reliable for use in the risk
assessment.

During peer review it was noted that no information was included on wether regurgitation
occurred. In the study protocol (appendix A of study report), it is described that the birds

RMS: NO
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should be observed every two hours during intial period post treatment. However, it was not
described in the materials and methods or the result section whether regurgation were
observed or not.

Agreed endpoints:

LD50 (Colinus virginianus) > 2000 mg a.s./kg body weight
NOEC (Colinus virginianus) = 125 mg a.s./kg body weight

CA 8.1.1.1/02
Reference:

(2014) Benfluralin: an acute oral toxicity study
with the canary

Company Report No.:
Guideline:

, Report No. 379-325
U.S. Environmental Protection Agency Series 850 – Ecological Test Guidelines
OCSPP Number 850.2100

GLP:

Yes, with the following exception: periodic analyses of feed and water for potential
contaminants were not conducted according to Good Laboratory Practice
Standards, but were performed using a certified laboratory and standard U.S.
Environmental Protection Agency analytical methods

Acceptability:

The study is considered valid and acceptable for use in the risk assessment

Previous evaluation:

None; Submitted for the purpose of renewal

Material and methods:
Test material:

Benfluralin (Benefin)

Lot/Batch No:

Lot ACD13683

Purity:

97.5 wt%

Test species:

Canary, Serinus canaria

Age:

7 to 18 months

Weight

19.3-26.8 grams (mean 22.7 ± 2.1 g)

Preparation of the birds:

Birds were acclimated to the study room and the test caging for approximately 6
weeks prior to test initiation. Birds were housed individually and were kept in a
sexually quiescent state by maintaining them under a shortened photoperiod and not
providing nest boxes. The birds were fasted for approximately 16 h prior to dosing.
Birds were randomly assigned to control and treatment pens. Birds exhibiting
abnormal behavior or physical injury were not used.

Treatments:

0 and 2000 mg a.s./kg body weight

Controls:

10 birds (5 males and 5 females)/treatment group

Post-dosing observation:

14 days

Test conditions:

Temperature:

22.1 ± 0.9°C (SD),

Relative humidity: 17 ± 6% (SD)
Photoperiod:

0.25 h dim light/8 h light/0.25 h dim light/15.5 h dark

RMS: NO
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Housing condition:

The birds were housed individually in pens. Each pen had floor space that measured
approximately 29 X 26 cm with a ceiling height of 31 cm. External walls, ceilings
and floors were constructed of coated wire. Each pen contained perches of wood
plastic or cement composite and a cuttle bone. Fiberglass visual barriers were
between pens.
Throughout the last 17 days of acclimation and all testing all test birds were fed a

Avian feed and water:

commercially available finch food, ZuPreem FruitBlend. Grit (Kaytee Hi-Cal Grit)
was provided to aid with the birds’ digestion. No other supplements were given to
the birds during acclimation or testing. Water, from the town of Easton public water
supply, and feed were provided ad libitum during acclimation and during the test,
except during periods of fasting prior to testing. The birds received no form of
antibiotic medication during acclimation or during the test.
The test substance was placed in one size 9el porcine hard gelatin capsules

Type of application:

manufactured by Torpac®. The capsule containing a single dose (2000 mg/kg) of
the test material was coated in corn oil and orally inserted into the crop of each bird
with a capsule dosing syringe. Each control bird received an empty gelatin capsule
only.

Observations:

During acclimation, all birds were observed daily. Following dosing, birds were
observed for at least a one hour period for regurgitation and for signs of
regurgitation. Following the initial observation period, multiple cage side
observations were performed on Day 0 of the test. From test initiation until
termination, all birds were observed at least twice daily. Body weights were
measured individually one day prior to test initiation and on days 3, 7 and 14 of the
test. Average estimated feed consumption was determined by bird for each test
group for approximately 24 h intervals from day 0 to 1, day 1 to 2 and day 2 to 3.
Average estimated feed consumption was then measured by pen from day 3 to 7,
day 7 to 10 and day 10 to 14. Gross necropsies were performed on three birds from
the control group and treatment group at test termination. The gross necropsies
included, but were not limited to, a general examination of the exterior of the bird
and an examination of the thoracic and abdominal cavities, including cardiovascular
and respiratory systems, liver, spleen, gastro-intestinal tract and urogenital system.

Data analysis:

Since there were no mortalities during the test, it was not possible to perform the
calculation of an LD50 value using the computer program of C.E. Stephan.

Results:
No indications of regurgitation were noted in the control birds or in any of the treatment birds. There were no
mortalities in the control group or in the 2000 mg a.s./kg treatment group.

RMS: NO
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When compared to the control group, there were no apparent treatment related effects on body weights among the
males and females in the 2000 mg/kg treatment group. Additionally, when compared to the control group, there
were no apparent treatment related effects on food consumption among birds in the 2000 mg/kg treatment group
at any feed consumption interval.

Gross necropsies were performed on three birds from the control group and three birds from the treatment group
at test termination. No findings were noted for any of the control birds. For the treated birds, one bird (pen F64)
was noted with a slightly prominent keel. However, since there was no impact upon the body weight of the bird
during the course of the study, this finding was not considered to be related to treatment.

The acute oral LD50 value for canary exposed to benfluralin as a single dose was determined to be greater than
2000 mg a.s./kg. The no-observed effect level was 2000 mg a.s./kg.

RMS study comment:

The validity criterion in the OECD guideline 223 (2016) of no more than 10% mortality
in the control group was met.
The study is considered acceptable for the risk assessment.

Agreed endpoints:

LD50>2000 mg a.s./kg.

B.9.1.1.2 Short-term dietary toxicity to birds

The available data on avian toxicity of benfluralin is summarized in the table below.
Table 9.1.1.2-1:

Test species
Mallard
duck
Anas
platyrhynchos
Bobwhite
quail
Colinus
virginianus

Summary of avian toxicity of benfluralin

Test
substance

Time scale

Benfluralin

Short-term
dietary

Benfluralin

Short-term
dietary

Endpoint

LC50

LC50

Toxicity (mg
bw/day)
>5000 mg
feed
(>793 mg
bw/d)
>5000 mg
feed
(>909 mg
bw/d)

a.s./kg

Reference

a.s./kg
a.s./kg

CA 8.1.1.2/01
1978a

a.s./kg
a.s./kg

CA 8.1.1.2/02
1978b

CA 8.1.1.2/01
Reference:
(1978a) The Toxicity of Compound 54521 (Benefin) in Mallards (Anas
platyrhynchos) Eight Day Dietary Study.
Company Report No.:

7011-77

Guideline:

In house method equivalent to OECD 205 (1984). Deviations: Environmental
conditions were not reported; there was only one control group; test substance
recovery in the 1000 mg a.s./kg feed level was less than 80 %; there were fewer

RMS: NO
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than five dose rates, however no deaths occurred at the limit concentration of
5000 mg a.s./kg feed.
GLP:

No

Previous evaluation:

In DAR (2007); not relevant for renewal application

Material and methods:
Test substance:

Benfluralin (benefin, 54521), chemical purity: 96.4 %, batch n°: OEW67

Test species:

Mallard ducklings (Anas platyrhynchos)

Sex, weight, age:

10 birds per treatment, housed in two groups of 5 birds, not sexed, 203.2  6.7 g,
13 days old

Applied concentrations:

Untreated control; 1000, 2500, 5000 mg a.s./kg feed,

Type of application:

Dietary application

Test conditions:

Temperature : 37 °C, photoperiod : 12 : 12 hours light-dark cycle

Time of exposure:

Short-term feeding test (5 days exposure period + 3 days observation period)

Results:
Mortality: No mortalities occurred in the control group or in any of the treatment groups.
Clinical signs: All treated and control birds were normal in behaviour, appearance and posture during the test.
Body weight: No treatment-related differences were observed.
Feed consumption: No treatment-related differences were observed.
Previous conclusion: The study is acceptable.
Endpoints:
LC50 (Anas platyrhynchos, 5 d) > 5000 mg a.s./kg feed or 793 mg a.s./kg b.w./day based on a mean food
consumption of 39.5 g/bird/day and a mean body weight of 249 g/bird.
RMS
comment:

study

Short-term studies on dietary toxicity to birds are no longer required under Reg (EU)
1107/2009 unless there is evidence that the short-term dietary toxicity is larger than the oral
toxicity. Due to the lack of effects in short-term dietary studies, there are no such indications
for benfluralin.

CA 8.1.1.2/02
Reference:
(1978b) The Toxicity of Compound 54521 (Benefin) in Bobwhites (Colinus
virginianus) Eight Day Dietary Study.
Company Report No.:

7008-77

Guideline:

In house method equivalent to OECD 205 (1984). Deviations: Environmental
conditions were not reported; there was only one control group; there were fewer
than five dose rates, however no deaths occurred at the limit concentration of
5000 mg a.s./kg feed.

GLP:

No
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In DAR (2007); not relevant for renewal application

Previous evaluation:
Material and methods:
Test substance:

Benfluralin (benefin, 54521), chemical purity: 96.4 %, batch n°: OEW67

Test species:

Bobwhite quail chicks (Colinus virginianus)

Sex, weight, age:

10 birds per treatment, housed in two groups of 5 birds, not sexed, 16.5  0.3 g, 12
days old

Applied concentrations:

Untreated control; 1000, 2500, 5000 mg a.s./kg feed

Type of application:

Dietary application

Test conditions:

Temperature : 37 °C
Photoperiod : 12 : 12 hours light-dark cycle

Time of exposure:

Short-term feeding test (5 days exposure period + 3 days observation period)

Results:
Mortality: No mortalities occurred in the control group or in any of the treatment groups.
Clinical signs: The behaviour, appearance and posture of both treated and untreated birds was similar.
Body weight: A statistically significant depression in body weight gain was observed at the highest treatment level
of 5000 mg a.s./kg feed.
Feed consumption: At the highest treatment level of 5000 mg a.s./kg feed, the food consumption was less than in
the control group and the lower treatment levels.
Previous conclusion: The study is acceptable.
Endpoints:
LC50 (Colinus virginianus, 5 d) > 5000 mg a.s./kg feed or 909 mg a.s./kg b.w./day based on a mean food
consumption of 3.4 g/bird/day and a mean body weight of 18.7 g/bird.
RMS
comment:

study

Short-term studies on dietary toxicity to birds are no longer required under Reg (EU)
1107/2009 unless there is evidence that the short-term dietary toxicity is larger than the oral
toxicity. Due to the lack of effects in short-term dietary studies, there are no such indications
for benfluralin.

B.9.1.1.3 Sub-chronic toxicity and reproduction to birds

The available data on avian toxicity of benfluralin is summarized in the table below. Endpoints used in the risk
assessment are highlighted in bold.
Table 9.1.1.3-1:

Summary of avian toxicity of benfluralin

Test species

Test
substance

Time scale

Endpoint

Toxicity (mg a.s./kg
bw/day)

Mallard
duck
Anas
platyrhynchos

Benfluralin

Reproduction,
31 weeks

NOEL

49.3 16.6

Reference
CA 8.1.1.3/01
1991a**
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Test species

Test
substance

Bobwhite
quail
Colinus
virginianus

Benfluralin

Bobwhite
quail
Colinus
virginianus

Benfluralin

Time scale
(22 weeks
adult dietary
exposure)
Reproduction,
32 weeks
(23 weeks
adult dietary
exposure)
Reproduction,
33 weeks
(21 weeks
adult dietary
exposure)

Endpoint

Toxicity (mg a.s./kg
bw/day)

NOEL

<8.6

Reference

CA 8.1.1.3/02
1991b**

NOEL

13.7 6.7

CA 8.1.1.3/03
2014*

* Analytical methods validated and considered “fit for purpose”. For further information, see Vol 3.B.5, methods of analysis.
** Validation of the analytical methodology should have been submitted, but has not been submitted by the applicant. For further information,
see Vol 3.B.5, methods of analysis. During Pesticides Peer Review meeting 183 the studies were still considered suitable for risk assessment.

CA 8.1.1.3/01
Reference:

The Toxicity of Benefin to
Mallards in a One-Generation Reproduction Study.

Company Report No.:

A01090

Guideline:

US EPA FIFRA 71 4, OECD Guideline 206 : Avian reproduction test

GLP:

Yes

Acceptability:

The study is still considered valid and acceptable for use in the risk assessment

Previous evaluation:

In DAR (2007)

Material and methods:
Test substance:

Benfluralin (benefin, 054521), chemical purity: 95.64 %, batch n°: 231EF4

Test species:

Mallard duck (Anas platyrhynchos)

Sex, weight, age:

1 male and 1 female bird per pen, 18 pens per treatment group, 1218  96 g (males),
1032  74 g (females), 18 weeks old at start of the test

Applied concentrations:

Solvent control (acetone); 97, 288, 975 mg a.s./kg feed

Type of application:

Dietary application

Test conditions:

Adults : temperature : 21 °C
relative humidity : 40 – 70 %
photoperiod : 8 : 16 hours light-dark (pre-egg-laying), 17 : 7 hours lightdark (egg-laying)
chicks : temperature : 37 °C
relative humidity : 25 – 60 %
photoperiod : continuous light

Time of exposure:
Results:

22 weeks (10 weeks pre-egg-laying and 12 weeks egg-laying period)

RMS: NO
Co-RMS: NL
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Table B.9.1.1.3-1 : Major effects of benfluralin observed during the reproduction study of Anas platyrhynchos

Evaluation criteria

Doses (mg a.s./kg feed)
0

97

288

975

Doses ( mg a.s./ kg b.w./day
0

16.6

49.3

166.9

Mortality during test period

1/36

1/36

1/36

0/36

Mean body weight (g/bird)

m : 1237
f : 1162

m : 1283
f : 1127

m : 1254
f : 1146

m : 1238
f : 1138

Mean food consumption during pre-egglaying period (g/bird/day)

181.1

169.6

165.6

171.4

Mean food consumption during egglaying period (g/bird/day)

310.0

269.1*

245.1*

286.8

Evaluation criteria

Doses (mg a.s./kg feed)
288

975

Adults

0

97

Doses ( mg a.s./ kg b.w./day
0

16.6

49.3

166.9

No. of eggs laid per hen per day

0.70

0.58

0.66

0.66

Cracked eggs of eggs laid (%)

5.75

5.57

11.06

12.19*

Eggs set of eggs laid (%)

87.8

86.8

85.6

82.3

Mean eggshell thickness (mm) of normal
eggs

0.618

0.617

0.618

0.615

Mean eggshell thickness (mm) of cracked
eggs

0.597

0.620

0.617

0.617

Viable embryos of eggs set
fertility)

89.4

90.8

84.5

89.8

Live 3-week embryos of viable embryos
(%)

97.9

97.3

99.2

98.4

Normal hatchlings of
embryos (% hatchability)

65.8

73.8

69.8

67.7

14-day old survivors of normal hatchlings
(%)

86.0

85.1

82.0

88.2

14-day old survivors per hen per day

0.31

0.28

0.27

0.29

Mean body weight of chicks at hatching
(g)

38.8

38.7

39.0

39.0

Mean body weight of chicks 14 days after
hatching (g)

220.5

219.0

208.9

213.7

Reproduction parameters

(%

live

3-week

* statistically significantly different from the control
Adults:
No signs of toxicity were observed at any treatment level. None of the deaths appeared to be treatment-related.
Mean adult body weight or food consumption was not affected by treatment during the test period.

Reproduction:

RMS: NO
Co-RMS: NL
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There were no treatment-related effects observed on the reproductive parameters. However, the percentage of eggs
cracked was substantially and significantly higher at the 975 mg a.s./kg feed level. This appeared to be the result
of four pairs of birds at the highest treatment level that produced substantial (> 20 %) proportion of cracked eggs.

Previous conclusion:
The study is acceptable.

Endpoints:
NOEL (Anas platyrhynchos, 22 weeks) = 288 mg a.s./kg feed or 49.3 mg a.s./kg b.w./day based on a mean food
consumption of 205.4 g/bird/day and a mean body weight of 1200 g/bird.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD guideline 206 (1984).

For a test to be valid following criteria should be fulfilled:


the mortality in the controls should not exceed 10 per cent at the end of the test;



the average number of 14-day-old survivors per hen in the controls should be at least
14, 12 and 24 for mallard duck, bobwhite quail and Japanese quail, respectively.



the average eggshell thickness for the control group should be at least 0.34, 0.19 and
0.19 mm for mallard duck, bobwhite quail and Japanese quail, respectively.



If the recommended concentration scheme is followed and no effect on reproduction is
detected, the results may be reported as the NOEC being greater than the highest
concentration tested.



There must be evidence that the concentration of the substance being tested has been
satisfactory maintained in the diet (it should be at least 80% of the nominal
concentration) throughout the test period.

In this study:


The mortality in the control was 2.77 per cent.



The average number of 14-day-old survivors in the controls was not reported but has
been calculated by the RMS as 23:

Reproduction Data by Pen for Mallards Fed Benefin
Hatchling
Pen No.
survival
4

7

5

11

7

38

17

28

22

12

23

22

26

23

RMS: NO
Co-RMS: NL
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28

32

30

5

38

23

39

21

46

24

49

22

56

37

58

11

64

44

68

23

72

30

Total

413

Mean

23



The mean eggshell thickness for normal eggs from the control group was 0.618 mm
and mean eggshell thickness for cracked eggs from the control group was 0.597
mm.



Concentrations of the test substance were stable in the diet, ranging from 96% to
101% of the initial concentrations after 2 weeks.

The validity criteria were met. The test is thus considered valid and reliable for use in the
risk assessment.

The validation of the analytical methods is missing and has not been submitted by the
applicant. Analytical measurements were nevertheless performed. This shortcoming was
also discussed during Pesticides Peer Review Meeting 183. It was agreed to consider the
study but to indicate that there are uncertainties on the exposure. The study was considered
suitable for use in the risk assessment.

During peer review it was noted that a dose-response pattern observed for egg cracking
should be analysed and presented by the applicant. The applicant reports that after an
analysis of the % of cracked eggs it appears that these data are too variable to draw
meaningful conclusions about the effects of benfluralin on this endpoint, and it is impossible
to generate point estimates (EC10, EC20). This will also discussed during the expert
consultation 5.1.

The endpoint of this study was discussed at the Pesticides Peer Review Meeting 183. Prior
to the metting the NOEAL was set at 49.3 mg/kg bw per day but at that level the percentage
of cracked eggs was higher than 10% (12%, two times higher than the control). It was noted
that there was not a clear dose response but rather a trend. It was noted that also in the study
with bobwhite quail (

) a similar trend was observed.

RMS: NO
Co-RMS: NL
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Overall, the majority of experts agreed that the endpoint should be set at 16.6 mg/kg bw per
day.

Agreed endpoints:

NOEL (Anas platyrhynchos, 22 weeks) = 288 97 mg a.s./kg feed or 49.3 16.6 mg a.s./kg
b.w./day based on a mean food consumption of 205.4 g/bird/day and a mean body weight of
1200 g/bird.

CA 8.1.1.3/02
Reference:

(1991b) The Toxicity of Benefin
to Bobwhite in a One-Generation Reproduction Study.

Company Report No.:

A00690

Guideline:

US EPA FIFRA 71 4, OECD Guideline 206 : Avian reproduction test

GLP:

Yes

Acceptability:

The study is considered valid and reliable for use in the risk assessment.

Previous evaluation:

In DAR (2007)

Material and methods:
Test substance:

Benfluralin (benefin, 054521), chemical purity: 95.64 %, batch n°: 231EF4

Test species:

Bobwhite quail (Colinus virginianus)

Sex, weight, age:

1 male and 1 female bird per pen, 20 pens per treatment group, 229  17 g (males),
225  14 g (females), 14 weeks old at start of the test

Applied concentrations:

Solvent control (acetone); 96, 295, 990 mg a.s./kg feed

Type of application:

Dietary application

Test conditions:

Adults : temperature : 21  2 °C
relative humidity : 50 – 70 %
photoperiod : 8 : 16 hours light-dark (pre-egg-laying), 17 : 7 hours lightdark (egg-laying)
chicks : temperature : 33 – 39 °C
relative humidity : 30 – 70 %
photoperiod : continuous light

Time of exposure:

23 weeks (10 weeks pre-egg-laying and 13 weeks egg-laying period)

Results:
Table B.9.1.1.3-2 : Major effects of benfluralin observed during the reproduction study of Colinus virginianus

Evaluation criteria

Doses (mg a.s./kg feed)
0

96

295

990

26.4

88.6

mg a.s. kg b.w./day
0
Adults

8.6

RMS: NO
Co-RMS: NL
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Mortality during test period

0/40

4/40

10/40

6/40

Mean body weight (g/bird)

m : 244
f : 259

m : 247
f : 265

m : 244
f : 263

m : 246
f : 260

Mean food consumption during preegg-laying period (g/bird/day)

21.6

20.1*

19.8*

20.1*

Mean food consumption during egglaying period (g/bird/day)

26.8

25.6

23.6*

24.4*

Evaluation criteria

Doses (mg a.s./kg feed)
295

990

0

96

mg a.s. kg b.w./day
0

8.6

26.4

88.6

No. of eggs laid per hen per day

0.66

0.67

0.55

0.54*

Cracked eggs (% of total)

8.54

7.57

8.85

16.19*

Eggs set of eggs laid (%)

85.2

86.3

83.2

77.4

Mean eggshell thickness (mm) of
normal eggs

0.637

0.637

0.642

0.629

Mean eggshell thickness (mm) of
cracked eggs

0.648

0.642

0.628

0.634

Viable embryos
(% fertility)

89.7

85.5

76.9*

78.4*

Live 3-week embryos of viable
embryos (%)

98.8

98.5

98.8

97.3

Normal hatchlings of live 3-week
embryos (% hatchability)

90.5

81.8

88.0

75.6*

14-day old survivors of normal
hatchlings (%)

89.0

79.2

81.1

74.7*

14-day old survivors per hen per day

0.40

0.32

0.25*

0.18*

Mean body weight of chicks at
hatching (g)

7.1

7.0

7.0

6.8

Mean body weight of chicks 14 days
after hatching (g)

29.9

27.6

28.3

24.9*

Reproduction parameters

of

eggs

set

* statistically significantly different from the control
Adults:
Twenty bobwhite quail died during the study. No sublethal signs of toxicity were observed at any treatment level.
No treatment-related gross or histopathological lesions were detected. Body weight gains of males and females
were lower in the 990 mg a.s./kg feed treatment level than in the control during the pre-egg-laying period.

Reproduction:

RMS: NO
Co-RMS: NL
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Some abnormal eggs occurred in several pens from the control and treatment groups. These abnormal eggs were
either small or soft shelled, and were not related to treatment. Several hatchlings from each treatment group and
control group were killed when they were removed from the brooder because of a spraddle-legged condition.

Previous conclusion:
The study is acceptable.
Endpoints:
NOEL (Colinus virginianus, 23 weeks) = 96 mg a.s./kg feed or 8.6 mg a.s./kg b.w./day based on a mean food
consumption of 22.9 g/bird/day and a mean body weight of 256 g/bird

The NOEL was based on statistically significant effects on viable embryos of eggs set and 14-day old survivors
per hen per day at the 295 mg a.s./kg feed level.
RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD guideline 206 (1984).

For a test to be valid following criteria should be fulfilled:


the mortality in the controls should not exceed 10 per cent at the end of the test;



the average number of 14-day-old survivors per hen in the controls should be at
least 14, 12 and 24 for mallard duck, bobwhite quail and Japanese quail,
respectively.



the average eggshell thickness for the control group should be at least 0.34, 0.19
and 0.19 mm for mallard duck, bobwhite quail and Japanese quail, respectively.



if the recommended concentration scheme is followed and no effect on
reproduction is detected, the results may be reported as the NOEC being greater
than the highest concentration tested.



there must be evidence that the concentration of the substance being tested has been
satisfactory maintained in the diet (it should be at least 80% of the nominal
concentration ) throughout the test period

In this study:


There was no control mortality.



The average number of 14-day-old survivors per hen in the controls is not reported
but has been calculated by the RMS as 31:

Reproduction Data by Pen for Bobwhite Fed Benefin
Hatchling
Pen No.
survival
1

21

4

34

6

44

9

22

10

39

RMS: NO
Co-RMS: NL
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13

29

14

41

28

49

30

55

34

21

35

19

37

40

38

9

40

22

43

34

51

6

57

50

73

36

75

27

76

24

Total

622

Mean

31



The mean eggshell thickness for normal eggs from the control group was 0.637 mm
and mean eggshell thickness for cracked eggs from the control group was 0.648
mm.



Concentrations of the test substance were stable in the diet, ranging from 98.95%
to 102.2% of the initial concentrations after 2 weeks.

The validity criteria were met. The test is thus considered valid and reliable for use in the
risk assessment.

The validation of the analytical methods is missing and has not been submitted by the
applicant. This issue was discussed during the Pesticides Peer Review Meeting 183, see
outcome of the discussion in the paragraph below:

During the Pesticides Peer Review meeting 183, the relevant endpoint from this study was
discussed. It was noted that in this study the originally proposed NOEAL was set at 8.6
mg/kg bw per day, however, effects were observed at that dose on the number of 14-day
survivors per hen. In addition, it was noted that there was a clear dose response pattern for
14-day survivors per hen.
The birds in this study were 14 weeks old at the initiation of the preproduction phase. The
birds were much younger than recommended in the OECD TG (20-24 weeks old). In the
EPA guideline the recommended age at the start of the test is reported as 16 weeks.

RMS: NO
Co-RMS: NL
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The additional shortcoming noted in this study was that the analytical methods were not
provided. Analytical measurements were nevertheless performed. It was proposed to
consider the study but to indicate that there are uncertainties on the exposure.
It was additionally noted that effects were observed at the lowest dose tested, therefore, an
endpoint could not be set. It could be an option to derive an EC 10, however, this could only
be extrapolated (the effects at the lowest dose were of about 20% reduction with respect to
the control). Some experts would still support the derivation of the EC10. It was noted that
the study design is not ideal to derive an EC10 (see report from Pesticide Peer Review
meeting 133).

Overall, as effects were observed on the number of 14-day survivor per hen at the lowest
tested dose of 8.6 mg a.s./kg b.w./day, and that a clear dose response pattern in the 14-day
survivors per hen were observed, the expert agreed that a definite NOAEL could not be set
from this study .
Agreed endpoints:

NOAEL (Colinus virginianus, 23 weeks) = <96 mg a.s./kg feed or <8.6 mg a.s./kg b.w./day
based on a mean food consumption of 22.9 g/bird/day and a mean body weight of 256 g/bird

A definite NOAEL value could not be set as effects were observed on the number of 14-day
survivor per hen at the lowest tested dose of 8.6 mg a.s./kg b.w./day, and that a clear dose
response pattern in the 14-day survivors per hen were observed

The NOEL was based on statistically significant effects on viable embryos of eggs set and
14-day old survivors per hen per day at the 295 mg a.s./kg feed level.

CA 8.1.1.3/03
Reference:

(2014)
Benfluralin: A reproduction study with the Northern Bobwhite

Company Report No.:
Guideline:

, Report No. 379-344
U.S. Environmental Protection Agency Series 850 – Ecological Test Guidelines
OCSPP Number 850.2300, OECD 206

GLP:

Yes, with the following exception: periodic analyses of feed and water for potential
contaminants were not conducted according to Good Laboratory Practice
Standards, but were performed using a certified laboratory and standard U.S.
Environmental Protection Agency analytical methods

Acceptability

The study is considered acceptable for use in the risk assessment

Previous evaluation:

None; Submitted for the purpose of renewal

Material and methods:
Test material:

Benfluralin (Benefin)

Lot/Batch No:

Lot ACD13683

RMS: NO
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Purity:

97.5%

Species:

Northern bobwhite, Colinus virginianus

Treatments:

Nominal concentrations of 0, 40, 80, and 160 ppm a.s.

Controls:

Untreated basal diet.

Exposure duration:

21 weeks

Replication:

18 pairs of birds/control and treatment groups.

Exposure:

Treatment groups were fed diets containing 40, 80, or 160 ppm a.s. benfluralin for
21 weeks. The birds were acclimatised for 6 weeks prior to treatment. All adult
birds and their offspring were given feed and water ad libitum during acclimation
and testing.

Test conditions:

Temperature adult pens: 20.5 ± 1.6°C
Incubator temperature: 37.5 ± 0°C
Hatcher temperature: 37.3 ± 0°C
Relative humidity during hatching 57 ± 1%
Hatchling pens: days 0-14, approx. 38°C
Relative humidity hatchling pens: 40 ± 14%
Photoperiod acclimation and first 8 weeks: 8 hrs light/16 hrs dark
Photoperiod week 9 until adult birds were euthanized: 17 hrs light/7 hrs dark
Photoperiod hatchlings: 16 hrs light/8 hrs dark

Observations:

All adult birds were observed daily throughout the study for signs of toxicity or
abnormal behavior. Adult body weights were measured at study initiation, every
other week until the egg production phase (week 2, 4, 6, and 8), and at adult
termination. Feed consumption was measured weekly throughout the study. Eggs
were collected daily from all pens, when available, and stored in a cold room at a
mean temperature of 13.8 ± 0.3°C. Eggs were removed from the cold room weekly
and candled with an egg-candling lamp to detect eggshell cracks or abnormal eggs.
Cracked or abnormal eggs were recorded and discarded. All eggs not discarded or
used for eggshell thickness measurements were placed in an incubator at 37.5 °C.
In order to prevent adhesion of the embryo to the shell membrane, the incubator
was equipped with an automatic egg rotation device, designed to rotate the eggs
every hour. Eggs were candled on Day 11-12 of incubation to determine egg
fertility and embryo viability, and on Day 21 to determine embryo survival. On
Day 21 of incubation, the eggs were transferred to an incubator configured for
hatching and allowed to hatch. All hatchlings, unhatched eggs and eggshells were
removed from the hatcher on Day 25 and 26 of incubation. The individual body
weights of surviving hatchlings were recorded and hatchlings were leg banded for
identification by pen of origin. The chicks were the housed according to the
appropriate parental concentration grouping in brooding pens until 14 days of age.

RMS: NO
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Reproduction endpoints were: number of eggs laid, number of eggs cracked,
eggshell thickness, number of eggs set, number of fertile eggs, number of live 21day old embryos, number of hatchlings, number of eggs/hen, number of 14-dayold survivors, feed intake, and body weights of hatchlings and chick weights at
day 14 of age.
Diet sampling:

Homogeneity of the test substance in the diet was evaluated by collecting six
samples from each of the treatment group diets and one sample from the control
diet on Day 0 of Week1. Samples were also collected from the feed troughs on
Day 7 of Weeks 1, 12, and 20 to assess stability of the test substance under actual
test conditions. Additionally, samples were collected from the treatment and
control group diets during Weeks 2, 3, 4, 8, 12, 16, and 20 of the test to
measure/verify test concentrations.

Statistical analysis:

Dunnett's multiple comparison procedure was used to compare the three treatment
means with the control group and assess the statistical significance of the observed
differences. Percentage data were examined using Dunnett’s method following
arcsine square root transformation.

Results:
Test Diet Analysis
Diet samples were collected from the 40, 80 and 160 ppm a.s. test concentrations, and were analyzed to evaluate
the homogeneity of the test substance in the diet. The mean concentrations were 39.7 ± 0.905 ppm a.s., 83.8 ±
0.981 ppm a.s., and 185 ± 7.12 ppm a.s. The achieved concentration and stability of the test substance in the diet
for seven days at ambient temperature were confirmed as acceptable, i.e. in the range of 93-103% of the Day 0
values for the test concentrations.

The basal diet contained approximately 1.36% calcium. However, the study authors argued that additional calcium
is required in the ration of breeding birds for eggshell formation. Therefore, an additional 5 % (w/w) of limestone
was added to the basel diets for the adults, raising the calcium level in the diet to approximately 3%. This is above
the recommended 3.2% for northern bobwhite in the Merck Veterinary Manual (1998).

Mortalities
No treatment-related adult mortalities occurred during the test. However, two incidental mortalities occurred in
the control group.

Clinical observations
No overt signs of toxicity were observed at any of the concentrations tested. Incidental clinical observations such
as lesions on the feet, head, breast, and uropygial gland, ocular injury, and feather loss, that are normally associated
with pen wear or interactions among penmates, were observed. Other clinical signs observed included lameness
and a thin appearance. However, the clinical signs were typically related to the incidental injuries and were limited

RMS: NO
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to a few birds. One male bird was noted with a fractured wing during Week 5. The wing was bandaged and
fractured was considered healed by Week 10. Except for such incidental findings, all birds appeared normal
throughout the test.

Body weight:
There were no apparent treatment-related effects upon adult body weight at any of the concentrations tested. No
statistically significant differences between the control group and the 40, 80, or 160 ppm a.s. treatment groups
were observed.

Feed consumption:
There were no treatment-related effects upon feed consumption at any of the treatment groups. The estimated test
substance intake for mallard ducks during the test was 3.36, 6.86, and 13.7 mg a.s./kg body weight/day for the 40,
80 and 160 ppm treatment groups, respectively.

Necropsy findings:
All surviving adults were subjected to gross necropsy following adult termination. All findings were considered
incidental to treatment.

Egg production, embryo viability, hatching and offspring survival:
There were no treatment-related effects upon reproductive performance in the 40, 80 or 160 ppm treatment groups.
Differences from the control group were not statistically significant for any of the reproductive parameters
measured.

Eggshell thickness:
There were no treatment-related effects upon eggshell thickness at the 40, 80 or 160 ppm test concentrations, and
any differences from the control group were not statistically significant.

Offspring body weights:
There were no apparent treatment-related effects upon offspring body weight at any of the concentrations tested.
Differences from the control group were not statistically significant.

Table B.9.1.1.3-3: Mean Body Weight (g) of Hatchlings and 14-day Old Survivors from a Northern Bobwhite
Reproduction Study with Benfluralin
Experimental
group

Hatchlings

14-day Old Survivors

(ppm
Mean

SD

Number

Mean

SD

Number

0

6.1

0.5

584

27

2

547

40

6.0

0.4

584

25

4

5271

80

6.1

0.4

675

27

2

649

a.s.)

RMS: NO
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160

6.0

0.5

665

27

3

603

The number of hatchlings weighed may differ from the total number of hatchlings since those hatchlings found dead were not
weighed.
¹ Number differs from total number of 14-day old survivors due to a technical error. Two offspring were inadvertently placed
in the wrong brooder pens. They could not be located at 14-days of age but were found alive at a later time.
Differences between control group and each of the treatment groups were not significant (p > 0.05, Dunnett's t-test).

Table B.9.1.1.3-4: Summary of adult feed consumption and body weight in the Northern bobwhite reproduction study
Parameter
Treatment group
Nominal concentration (ppm)
0
40
80
160
Verification of benfluralin in the diet (mean
< LOQa
40  1.83
78.4  5.13
166  13.1
measured concentration (ppm.))
Adult body weight (g) (M/F)
Test Initiation
193/194
195/194
194/193
193/194
Week 2
198/199
201/201
201/197
198/198
Week 4
199/199
200/199
200/197
198/198
Week 6
201/201
203/201
205/199
200/199
Week 8
202/201
204/202
206/200
203/201
Adult Test Termination
209/241
212/239
214/241
213/241
Adult feed consumption (g/bird/day)
Week 1
13
13
13
13
Week 2
14
14
14
14
Week 3
14
14
14
14
Week 4
14
14
14
13
Week 5
13
13
13
13
Week 6
14
14
14
14
Week 7
14
14
14
14
Week 8
14
14
14
14
Week 9
16
16
15
15
Week 10
16
16
16
15
Week 11
17
16
16
16
Week 12
18
17
17
17
Week 13
18
18
18
18
Week 14
20
19
20
20
Week 15
21
21
21
21
Week 16
22
21
21
21
Week 17
22
22
22
23
Week 18
22
21
22
22
Week 19
23
22
23
23
Week 20
23
22
22
22
Week 21
22
21
22
21
a LOQ= Limit of Quantification = set at 10 ppm a.s. diet.

Table B.9.1.1.3-5. Group Reproductive Performance
Experimental group (ppm a.s.)
Control
40
Mg a.s./ kg b.w./ day
Reproductive
parameter
Control
3.3
Number of surviving 16
18
replicates
Total eggs laid
758
845

80

160

6.7
18

13.3
18

907

852

RMS: NO
Co-RMS: NL

- 26 Benfluralin
Annex B.9 (AS): Ecotoxicology

Reproductive
parameter
Eggs cracked
Eggs set
Fertile eggs
Viable embryos
Live 3-week embryos
Hatchlings
14-day old survivors
Eggs/hen
Hatchlings/pen
14-day old survivors/pen

Experimental group (ppm a.s.)
Control
40
Mg a.s./ kg b.w./ day
Control
3.3
8
11
672
749
639
681
617
648
616
646
586
586
547
529
47
47
37
33
34
29

Table B.9.1.1.3-6. Group Mean Reproductive Performance (%)
Experimental group (ppm a.s.)
Control
40
Mg a.s./ kg b.w./ day
Reproductive parameter
Control
3.3
Eggs Laid / Hen / Day*
0.53
0.52
Eggs Cracked/ Eggs Laid (%)**
1
1
Fertile eggs / Eggs Set (%)
95
91
Viable Embryos / Eggs Set (%)
91
86
Live 3 -Week Embryos/Viable 100
100
embryos
Hatchlings / Live 3-Week Embryos 95
91
(%)
14-Day Old Survivors / Hatchlings (%) 93
90
Hatchlings / Eggs Set (%)
87
78
Hatchlings/ Fertile eggs (%)
91
86
14 -Day Old Survivors / Eggs Set (%) 81
70
Hatchlings/ Pen/ Day**
0.41
0.36
14 -Day Old Survivors/ Pen/ Day**
0.38
0.33

80

160

6.7
4
815
722
712
711
677
649
50
38
36

13.3
3
763
731
714
709
666
603
47
37
34

80

160

6.7
0.56
0
89
88
100

13.3
0.53
0
96
93
99

95

94

96
84
89
80
0.42
0.4

90
87
91
79
0.41
0.37

* Based on 90 days of egg production
** Percent values represent replicate means for each experimental group

The no observed effect concentration for northern bobwhite treated with benfluralin in the diet during the study
was 160 ppm a.s. (13.7 mg a.s./kg/day), based on the following conversion from concentration in diet to daily
dietary dose:
Daily Dietary Dose =
(mg a.s./kg body weight/day)

Test Concentration (mg a.s./kg) x Daily Feed Consumption (g/bird/day)
Body Weight (g/bird)

Table B.9.1.1.3-7. Conversion between concentrations of benfluralin in diet and daily dietary dose.
Test concentration
Mean body weight during Mean feed consumption Daily dietary dose
(mg a.s./kg feed)
exposure
during exposure
(mg a.s./kg bw/day)
(g)
(g/bird/day)
Control
207
18
0
40
209
17
3.36
80
160

RMS
comment:

204
205

study

17
17

6.86
13.7

The GLP status of the laboratory was checked and was acceptable. The study is well reported
and fulfils the validity criteria specified in OECD 206 (1984). The reproduction parameters
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reported above are also within the recommended ranges specified in OECD 206 (1984). The
test is considered reliable for use in risk assessment.

For a test to be valid following criteria should be fulfilled:


the mortality in the controls should not exceed 10 per cent at the end of the test;



the average number of 14-day-old survivors per hen in the controls should be at least
14, 12 and 24 for mallard duck, bobwhite quail and Japanese quail, respectively.



the average eggshell thickness for the control group should be at least 0.34, 0.19 and
0.19 mm for mallard duck, bobwhite quail and Japanese quail, respectively.



If the recommended concentration scheme is followed and no effect on reproduction is
detected, the results may be reported as the NOEC being greater than the highest
concentration tested.



There must be evidence that the concentration of the substance being tested has been
satisfactory maintained in the diet (it should be at least 80% of the nominal
concentration ) throughout the test period


The mortality in the control was 6 per cent.



The average number of 14-day-old survivors per hen in the control group is 27.



The average eggshell thickness for the control group was 0.230 mm.



Concentrations of the test substance werle stable in the diet, ranging from 98% to
104% of the initial concentrations after 2 weeks.

The basal diet contained approximately 1.36% calcium. However, the study authors argued
that additional calcium is required in the ration of breeding birds for eggshell formation.
Therefore, an additional 5 % (w/w) of limestone was added to the basel diets for the adults,
raising the calcium level in the diet to approximately 3%. This is above the recommended
2.3 % for northern bobwhite in the The Merck Veterinary Manual. Eighth Edition. Merck &
Co. 1998.
Agreed endpoints:

As no effects were observed on mortality, clinical observations or reproduction performance
at the highest tested concentration, the NOEC is 160 ppm a.s. Based on the estimated test
substance intake reported in the study, the NOEL expressed as daily dose is 13.7 mg a.s./kg
bw/day.
However, effects were observed at the lowest treatment dose of 8.6 mg a.s./kg bw/day in the
other available Bobwhite quail study (

). During pesticedes Peer Review

meeting 183 it was decided that these effects cannot be disregarded. It was decided to
combine the two datasets, and to set the endpoint at one dose level lower than 8.6 mg a.s./kg
bw/day.
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The endpoint of 6.7 mg a.s./kg bw/day from the current study (

) has thus been

identified as the relevant endpoint to be used in the risk assessment. For further details see
Volume 3CA B.9.1.1.1 and minutes from Pesticides Peer Review meeting 183.

B.9.1.2 Effects on terrestrial vertebrates other than birds
The following data examining the effects of benfluralin on mammals were assessed during the previous EU review.
A summary of ecotoxicologically relevant acute and long-term toxicity endpoints for benfluralin is provided in
Table B.9.1.2-1.
Table B.9.1.2-1:

Summary of effects of benfluralin to terrestrial vertebrates other than birds

Test species

Test System

Results

Rat

Acute

LD50 > 5000 mg a.s./kg bw

Rat

NOAEL = 50 mg a.s./kg bw/d

Reference
CA 5.2.1/01
, 1996 a
CA 5.6.1/01

Reproduction

1973b

CA 5.6.1/02
Rat
NOAEL = 5.5 mg a.s./kg bw/d
, 1995 a
a Endpoint included in the EFSA Conclusion for Benfluralin, 2008 (EFSA scientific report (2008) 127, 1-82)
Endpoints in bold have been considered in the risk assessment

B.9.1.2.1 Acute oral toxicity to mammals
Studies on the acute oral toxicity to mammals are evaluated in Vol 3.B.6, mammalian toxicology. A summary of
the relevant data is provided in Vol 1, level 2.
DAR (2007):
IIA 5.2.1 Rat, Benfluralin, oral, 5000 mg/kg bw; limit test (

1996)

B.9.1.2.1 Long-term and reproductive toxicity to mammals
Studies on the long-term and reproductive toxicity to mammals are evaluated in Vol 3.B.6, mammalian toxicology.
A summary of the relevant data is provided in Vol 1, level 2.

B.9.1.3 Active substance bioconcentration in prey of birds and mammals

As the log Pow of benfluralin is greater than the trigger value of 3 (log Pow = 5.3) an assessment of the risk to
birds and mammals from secondary poisoning has been conducted in Volume 3 (PPP), Section B.9.2.
CA 8.1.3/01
Reference:

Hughes, C. (2006) Benfluralin : 42-Day Bioaccumulation Test with the
Earthworm, Eisenia fetida.
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Company Report No.:

050327

Guideline:

OECD Method 222
OECD Method 305C (with modifications)

GLP:

Yes

Acceptability:

The study is still considered valid and acceptable for use in the risk assessment

Previous evaluation:

In Addendum to DAR (Sept 2007)

Material and methods:
Test material:

Benfluralin (Benefin, Test Substance No. TSN100015), mixture of nonradiolabeled Benfluralin and 14C-Labeled Benfluralin

Lot/Batch No:

Lot No. 251-198-OD-118

Purity:

A certificate of analysis reported the purity of Benfluralin to be 99.9% a.i.

Species, age, weight:

Eisenia fetida, life stage: adult worms, approximately 4 months of age or older with
a developed clitellum, 318 – 592 mg body weight at test initiation

Test Substrate:

Artificial soil (OECD 207):70 % industrial silica sand, 20 % kaolinite clay, 10 %
sphagnum peat. CaCO3 was added to adjust the pH to 6.0 ± 0.5. The test substance
was mixed with the artificial soil substrate. Water content : 17.4 – 22.0 % of the soil

Replicates:

dry weight.
40 replicates per treatment, each replicate test chamber contained 10 worms for a
total of 400 worms per test substance treatment.

Nominal concentrations:

0 (control), 0 (solvent control (acetone)), 1.5 mg a.s./kg soil d.w

Duration:

42 Days (28-day uptake phase, 14-day depuration phase)

Test conditions:

Temperature: 18.9 to 21.0ºC
Soil pH: 7.0 to 8.0
Soil Moisture: 17.4 to 22.0%
Photoperiod: 16-hr light:8-hr dark
Light Intensity: 646 to 750 lux, 16/8 hours light/dark cycle with a 30 minute
transition period

Exposure route:

Approximately 625 g of hydrated soil was added to each replicate test vessel. At
test initiation, the worms were added to the surface of the soil in each test chamber.
Burrowing behaviour was noted 10, 30 and 60 minutes after addition to the soil
surface. The adult earthworms were fed 3 to 6 mL of invertebrate diet slurry
containing cow manure at least weekly during the exposure. The invertebrate diet
with manure had a moisture content ranging from 78.6 to 88.0 %.

Sampling:

During the uptake phase, soil and tissue were sampled at days 3, 7, 14, 21 and 28
for radioanalysis (3 replicates) and at days 14 and 28 for benfluralin analysis (5
replicates). During the depuration phase, soil and tissue were sampled at days 30,
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32, 35 and 42, corresponding to depuration phase days 2, 4, 7 and 14 for
radioanalysis (3 replicates).

Analytical methods:

LSC quantitation of 14C-labeled benfluralin in the soil and tissue matrices, HPLC
separation coupled with LSC of the fractionated eluant with UV detection for
benfluralin

Results:

Within the tissues of the earthworms exposed to the 1.5 mg a.i./kg (nominal) 14C-labeled
Benfluralin, during the uptake phase, measured TRR in tissue was <0.111, 1.80, 2.58, 2.57, 2.70,
and 2.80 mg a.s./kg wet weight at day 0 (prior to exposure), and then 3, 7, 14, 21 and 28 days after
application of the test substance, respectively. During the depuration phase, measured TRR in
tissue was 2.43, 1.90, 1.02, and 0.454 mg a.s./kg wet weight at 30, 32, 35, and 42 days (depuration
phase days 2, 4, 7, and 14) after application of the test substance, respectively. The maximum
TRR value was after 28 days of exposure. Radioanalysis of TRR throughout the depuration period
indicated 13, 32, 64, and 84% depuration from earthworm tissue after 2, 4, 7, and 14 days of
depuration, respectively. After 2, 4, 7, and 14 days of depuration, the half-life of Benfluralin was
determined to be 13, 8.4, 4.0, and 2.7 days, respectively. The calculated BCF values at days 3, 7,
14, 21, and 28, and were 1.6, 2.1, 2.2, 2.3, and 2.4, respectively. A maximum BCF value of 2.4
during the study indicated a potential for Benfluralin to bioaccumulate.
Table B.9.1.3-1: TTR concentrations of 14C-labeled benfluralin determined in tissue and test soils (mg/kg) and the
derived BCF values during the 42-day bioaccumulation study with earthworms, Eisenia fetida
Sample day

Control
Tissuea

Benfluralin (1.5 mg/kg)
Tissuea
Soila
BCFb
(% of nominal)
0
<0.111c
<0.102c
<0.111c
<0.102c
<0.111c
1.32 (88)
n.a.
3
<0.098c
<0.101c
<0.098c
<0.101c
1.80
1.11 (74)
1.6
7
<0.0908c
<0.103c
<0.0908c
<0.103c
2.58
1.21 (81)
2.1
14a
<0.0892c
<0.100c
<0.0892c
<0.100c
2.96
1.15 (77)
14b
<0.0861c
<0.104c
<0.0861c
<0.104c
2.17d
1.16 (77)
14
Meane
2.57
1.16 (77)
2.2
21
<0.0873c
<0.103c
<0.0873c
<0.103c
2.70
1.18 (79)
2.3
28a
<0.100c
<0.114c
<0.100c
<0.114c
2.54
1.17 (78)
28b
<0.0896c
<0.110c
<0.0896c
<0.110c
3.05d
1.16 (77)
28
Meane
2.80
1.17 (78)
2.4
30
<0.0938c
<0.108c
<0.0938c
<0.108c
2.43
<0.108c
n.a.
32
<0.103c
<0.107c
<0.103c
<0.107c
1.90
<0.107c
n.a.
35
<0.0894c
<0.106c
<0.0894c
<0.106c
1.02
<0.106c
n.a.
42
<0.0915c
<0.104c
<0.0915c
<0.104c
0.454
<0.104c
n.a.
Note : The control samples were used to determine the background cpm values for this matrix, therefore the results for the
control are reported as less than the MQL (minimum quantifiable limit) for these analyses.
a Total radioactive residue (TRR) concentration was based upon the DPM value of the sample minus the background DPM
values of the control matrix. The values are an average of triplicate samples analysed. The tissue and soil values are expressed
as mg benfluralin/kg.
b Bioconcentration factor (BCF) = tissue TRR concentration / soil TRR concentration.
c The MQL for the samples. The MQL from the analysis refers to DPM or calculated values  background values.
Soila

Solvent control
Tissuea
Soila
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d

Analysis of parent benfluralin indicated that 89 % and 81 % of TRR was benfluralin, respectively, for day 14 and day 28
tissue.
e Mean of the replicates prepared for LSC and HPLC analysis.
n.a. : not applicable, the values could not be calculated from the data.
Table B.9.1.3-2: Depuration of Total Radioactive Residues calculated as 14C-labeled benfluralin in tissue (1.5 mg a.s./kg
nominal concentration) during 14 days depuration with earthworms, Eisenia fetida
Study day
Depuration day
TRR (mg a.s./kg)
% depurationa
Depuration half-life (days)
Exposure phase
28
2.80
Depuration phase
30
2
2.43
13
13
32
4
1.90
32
8.4
35
7
1.02
64
4.0
42
14
0.454
84
2.7
a % depuration is expressed as a percentage of the day 28 14C-labeled benfluralin TRR concentrations of 2.80 mg a.s./kg

Mortality ranged from 0 to 7 % in the treatments and each sampling time point. All of the earthworms had burrowed
into the soil within ten minutes of being placed onto the soil on days 0 and 28, therefore no evidence of soil
avoidance was observed.
The mean replicate weight loss and gain of the surviving treatment earthworms ranged from -13 to + 79 %.

Previous conclusion:
The study is acceptable.
In the bioaccumulation test with Eisenia fetida, a maximum bioconcentration factor of 2.4 during the study
indicated a potential for Benfluralin to bioaccumulate.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. According to OECD
guideline 317 (Bioaccumulation in Terrestrial oligochaetes) for a test to be valid the
following criteria should be fulfilled for both controls and treatments:
• At the end of the test, the overall mortality during uptake and elimination phase should not
exceed 10% of the total number of the introduced worms.
• The mean mass loss as measured at the end of the uptake and at the end of the elimination
phase should not exceed 20% compared to the initial fresh weight (f.w.) at start of each
phase.

Overall, there was only one dead worm in the 1.5 mg/kg treatment level, 5 dead worms in
the vehicle control, and 4 dead worms in the control (out of the 400 worms in each treatment
level).

RMS: NO
Co-RMS: NL

- 32 Benfluralin
Annex B.9 (AS): Ecotoxicology

The mean per cent weight change in the Day 28 (end uptake phase) replicates (30) was +64%
and the mean per cent weight change in the Day 42 (end elimination phase) replicates (30)
was +72%.

Treatment

Day 28

Day 42

a Value

Replicates

Initial

Final

replicate

replicate

weight (g)

weight (g)

1

4.228

6.647

2

4.088

7.239

3

4.534

7.227

1

4.442

7.198

2

3.961

6.999

3

3.974

7.096

a

Mean weight

%

change

change per

per

Weight

treatment (g)

treatment

+ 2.754

+64

+2.972

+72

normalized to ten worms per replicate.

The test is considered reliable for use in the risk assessment.
Agreed endpoints:

In the bioaccumulation test with Eisenia fetida, a maximum bioconcentration factor of 2.4
during the study indicated a potential for benfluralin to bioaccumulate.

B.9.1.4 Other data on effects on terrestrial vertebrate wildlife (birds, mammals, reptiles and amphibians)
An amphibian metamorphosis assay with benfluralin is available (See CA 8.2.3.1/01,

2011).

B.9.1.5 Potential for endocrine disruption
The discussion on the potential for endocrine disruption of benfluralin is presented in Vol 1, section 2.9.1.2.

B.9.2

Effects on aquatic organisms

Table 9.2-1: Summary of endpoints considered acceptable for the risk assessment for aquatic organsisms.
Values in bold are used in the risk assessment.
Test
Group/Species
Time-scale
Endpoint
Toxicity
Reference
substance
Fish
(1985)
Oncorhynchus
Acute 96 hr Mortality,
CA 8.2.1/01
mykiss
benfluralin
0.081 mg a.s./L
(semi-static) LC50
Report
No.
(rainbow trout)
F00185*
Oncorhynchus
mykiss
(rainbow trout)

Metabolite
TR-6

Acute 96 hr Mortality,
(static)
LC50

1 mg TR-6/L

(2001a)
CA 8.2.1/06
Report
No.
011092*
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Group/Species

Test
substance

Time-scale

Oncorhynchus
mykiss
(rainbow trout)

Metabolite
TR-15

Acute 96 hr Mortality,
(static)
LC50

5.46 mg TR-15/L

Oncorhynchus
mykiss
(rainbow trout)

benfluralin

Acute 96 hr
Mortality,
(flowLC50
through)

> 0.048 mg a.s./L

Lepomis
macrochirus
(bluegill sunfish)

benfluralin

Acute 96 hr
Mortality,
(flowLC50
through)

> 0.042 mg a.s./L

benfluralin

Acute 96 hr
Mortality,
(flowLC50
through)

> 0.027 mg a.s./L

benfluralin

Acute 96 hr
Mortality,
(flowLC50
through)

> 0.029 mg a.s./L

benfluralin

Length,
Chronic 49 d
NOEC
(flowMortality,
through)
LC10,LL

0.0019 mg a.s./L
0.0013 mg a.s./L

benfluralin

Modified
chronic 49 d Mortality,
(flowNOEC
through)

0.0012 mg a.s./L

Cyprinodon
variegatus
(sheepshead
minnow)
Cyprinus
(carp)

carpio

Oncorhynchus
mykiss
(rainbow trout)
Oncorhynchus
mykiss
(rainbow trout)

Endpoint

Toxicity

Reference
(2001b)
CA 8.2.1/07
Report
No.
011106*
(2014a)
CA 8.2.1/08
Report
No.
14050.6160*
(2013a)
CA 8.2.1/09
Report
14050.6125*

No.

(2013b)
CA 8.2.1/10
Report
No.
14050.6161*
(2004)
CA 8.2.1/11
Report
No.
12550.6332*
(1990)
CA 8.2.2.1/01
Report
No.
F00690**
(2017)
CA 8.2.8/01
Report
No.
12791.6256*

Aquatic invertebrates
Daphnia magna
(water flea)

Metabolite
TR-6

Acute 48 h
Immobility,
(flowEC50
through)

Daphnia magna
(water flea)

Metabolite
TR-15

Acute 48 h
Immobility,
(flowEC50
through)

9.36 mg TR-15/L

Daphnia magna
(water flea)

benfluralin

Acute 48 h
Immobility,
(flowEC50
through)

> 0.034 mg a.s./L

Acute 96 h
Mortality,
(flowLC50
through)

0.043 mg a.s./L

Mysidopsis bahia
(mysid shrimp)
benfluralin

Daphnia magna
(water flea)

benfluralin

Sediment dwelling organisms
Hyalella azteca
benfluralin
(freshwater

3.52 mg TR-6/L

Reproduction,
Chronic 21 d
survival and
(flow0.046 mg a.s./L
growth,
through)
NOEC

Marino et al.
(2001c)
CA
8.2.4.1/02
Report
No.
011093*
Marino et al.
(2001d)
CA 8.2.4.1/03
Report
No.
011105*
Urann (2014b)
CA 8.2.4.1/04
Report
No.
14050.6154*
Sousa (1990b)
CA 8.2.4.2/01
Report No. 90-63343*
Urann (2013c)
CA 8.2.5.1/02
Report
No.
14050.6156*

Chronic 42 d Reproduction, 83 mg a.s./kg dry Bradley (2014)
(semi-static) survival, sex sediment
CA 8.2.5.4/01
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Group/Species

Test
substance

Time-scale

amphipods)

Leptocheirus
plumulosus
(marine
Amphipods)
Algae

Endpoint
ratio
growth,
NOEC

benfluralin

Acute 10 d Mortality,
(semi-static) LC50

Pseudokirchneriella
Metabolite
subcapitata
TR-6
(green algae)

ErC50
Chronic 72 h
EyC50
(static)

Pseudokirchneriella
Metabolite
subcapitata
TR-15
(green algae)

ErC50
Chronic 72 h
EyC50
(static)

Pseudokirchneriella
subcapitata
benfluralin
(green algae)

Chronic 96 h ErC50
(static)
EyC50

Toxicity
and

Reference
Report
No.
14050.6158*

Bradley (2015)
> 52 mg a.s../kg CA 8.2.5.4/02
dry sediment
Report
No.
14050.6219*
Henry et al.
(2002)
> 5.56 mg TR-6/L
CA8.2.6.1/02
4.09 mg TR-6/L
Report
No.
011101*
Marino et al.
(2001)
9.15 mg TR-15/L
CA 8.2.6.1/03
3.82 mg TR-15/L
Report
No.
011102*
Softcheck
(2015a)
> 0.0132 mg a.s./L
CA 8.2.6.1/04
> 0.0132 mg a.s./L
Report
No.
14050.6228*

Higher plants
Lemna gibba
(duck weed)

benfluralin

Chronic 7 d ErC50
(semi-static) EyC50

> 0.032 mg a.s./L
0.017 mg a.s./L

Hoberg (2007)
CA 8.2.7/01
Report No.
12550.6485*

* Analytical methods validated and considered “fit for purpose”. For further information, see Vol 3.B.5, methods of analysis.
** Validation of the analytical methodology has not been submitted. For further information, see Vol 3.B.5, methods of analysis.

B.9.2.1 Acute toxicity to fish
CA 8.2.1/01
Reference:
Report No.:
Guideline:

GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(1985) The Acute Toxicity of Benefin (RL-110, Compound 54521)
to Rainbow Trout (Salmo gairdneri) in a Static-Renewal Test System.
, Report No. F00185
ASTM E729-80 (1980) US EPA FIFRA Draft Guidelines for Registering Pesticides
in the United States. Subdivision E – Hazard Evaluation: Wildlife and Aquatic
Organisms (1982)
Yes
Acceptable
In DAR (Updated version 2007)
Benefin (benfluralin)

Lot/Batch No:

231EF4

Purity:

97.3 %

Species:

Oncorhynchus mykiss, rainbow trout

Treatments:
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Nominal: 0.056, 0.090, 0.140, 0.225, 0.330, 0.500 mg a.s./L. Measured
concentrations ranging from 15–51 % of the nominal concentrations for the fresh
solutions. Mean measured for the 24 h old solutions: 0.017, 0.040, 0.052, 0.077,
0.084, 0.121 mg a.s./L. Mean measured concentrations ranging from 24–44 % of
the nominal concentrations after 24 h (at the end of each renewal period).
Controls:
Dilution water control and solvent control (acetone)
Replication,
length:

weight,
10 fish/test vessel, 1 replicate/treatment, 0.525  0.135 g, 40.8  3.26 mm. The fish
loading was maximum 0.38 g body weight/L (10 fish with maximum body weight
of 0.71 g in 18.9 L of test solution).

Type of test:
96 hours semi-static
Test conditions:
Temperature: 11.8–12.6 °C
pH: 7.7–8.0
Oxygen content: 84 % O2 saturation (9.1 mg/L O2) in average, 71 % as the lowest
measured saturation.
Total hardness: 136.8 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle
Analytical methods:
Benfluralin was extracted from water with dichloromethane and measured by gas
chromatography using an electron capture detector
Results:
Mortality
No mortalities occurred in the negative control, solvent control or in the treatment levels up to 0.040 mg a.s./L.
Mortalities in the treatment levels of 0.052, 0.077, 0.084 and 0.121 mg a.s./L after 96 hours of exposure were 10
%, 30 %, 80 % and 80 % respectively.

Behavioural observations
At the treatment level of 0.040 mg a.s./L sluggish behaviour was noted in all of the animals on days one through
four. Treatment-related signs of toxicity such as hypoactivity, impaired swimming, laboured respiration,
prostration and death occurred at average benefin concentrations higher than 0.040 mg a.s./L.

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Oncorhynchus mykiss, 96 h) = 0.081 mg a.s./L
NOEC (Oncorhynchus mykiss, 96 h) = 0.017 mg a.s./L
The results are based on mean measured concentrations of the 24 h old solutions.

RMS

The GLP status of the laboratory was checked and was acceptable. This study has been re-evaluated by the RMS

study

against the validity criteria in the updated OECD Guideline 203 (2009).

comment:

For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less than ten are used) at the
end of the test.
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Constant conditions should be maintained as far as possible throughout the test and, if necessary, semistatic or flow-through procedures should be used.



The dissolved oxygen concentration must have been at least 60 per cent of the air saturation value
throughout the test.



There must be evidence that the concentration of the substance being tested has been satisfactorily
maintained, and preferably it should be at least 80 per cent of the nominal concentration throughout the
test. If the deviation from the nominal concentration is greater than 20 per cent, results should be based
on the measured concentration.

The study fulfils the validity criteria in OECD 203 (2009). No mortalities were observed in the negative control or
solvent control. The oxygen content was 84 % O2 saturation in average, with 71 % as the lowest measured
saturation. No raw data of these measurements are reported, but the description of the frequency and extent of the
measurements is in accordance with the recommendations in OECD 203. Total length of the fish was 3.8–4.4 cm,
based on the remaining control fish at the end of the study. This is slightly below the recommended length of 5.0
± 1.0 cm in OECD 203. The recorded temperature of 11.8–12.6 °C is below the recommended species-specific
temperature of 13–17 °C in OECD 203, but in accordance with the recommendations in the US EPA Guideline
OPPTS 850.1075. Analytical measurements of benfluralin in the newly prepared solutions were only performed
at test initiation. Ideally, analysis of the freshly prepared solutions should have been conducted after each renewal,
but the reported values from the new and aged solutions from the first 24 hour interval indicate relatively stable
concentrations between the renewals (table B.9.2.1-1). Measured concentrations of each 24-hour period deviated
with more than 20 % of nominal concentrations. Relevant endpoints were therefore given as arithmetic mean
measured concentrations of the 24-hour aged solutions. This is considered as a conservative approach and is
accepted by the RMS. The study is still considered acceptable.
Table B.9.2.1-1: Analytical measurements of benfluralin in an acute toxicity test with rainbow trout
(Oncorhynchus mykiss).
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Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)
0-Hour
(new)

Day
(aged)

Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

Solvent Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

0.056

0.016

0.012

0.021

0.018

0.018

0.017 ± 0.004

30

0.090

0.038

0.029

0.043

0.047

0.044

0.040 ± 0.008

44

0.140

0.071

0.054

0.053

0.048

0.054

0.052 ± 0.003

37

0.225

0.071

0.067

0.070

0.090

0.084

0.077 ± 0.011

34

0.330

0.151

0.068

0.070

0.094

0.106

0.084 ± 0.019

26

0.500

0.077

0.076

0.150

0.147

0.113

0.121 ± 0.035

24

1

Day
(aged)

2

Day
(aged)

3

Day
(aged)

4

Mean * ± SD

* Arithmetic mean of the aged solutions
LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Agreed

LC50 (Oncorhynchus mykiss, 96 h) = 0.081 mg a.s./L

endpoints:

NOEC (Oncorhynchus mykiss, 96 h) = 0.017 mg a.s./L

CA 8.2.1/02
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(1990a) The Acute Toxicity of Benefin to Bluegill
(Lepomis macrochirus) in a Static-Renewal Test System.
, Report No. F00990
US EPA FIFRA 72-1, OECD Guideline 203 : Fish, Acute Toxicity Test
Yes
Unacceptable
In DAR (Updated version 2007)
Benefin (benfluralin)

Lot/Batch No:

231EF4

Purity:

95.88%

Species:

Lepomis macrochirus, bluegill sunfish

Treatments:

Nominal concentrations: 0.1, 10, 20, 30, 50 mg a.s./L. Mean measured
concentrations: 0.013, 5.3, 6.8, 11.7, 21.4 mg a.s./L. Mean measured concentrations
ranging from 13–53 % of the nominal concentrations

Controls:

Dilution water control and solvent control (acetone)

Replication,
length:

weight,

10 fish/test vessel, 1 replicate/treatment, 1.1  0.4 g, 46.3  4.3 mm.
The fish loading was maximum 0.5 g body weight/L (10 fish with maximum body
weight of 2.0 g in 40 L of test solution).

Type of test:

96 hours semi-static test (renewal every 24 hours)

Test conditions:

Temperature: 19.9–20.5 °C
pH: 7.6–8.2

Percent of
Nominal

RMS: NO
Co-RMS: NL
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Oxygen content: 87–121 % O2 saturation (8.0–11.1 mg/L O2)
Total hardness: 103 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle
Analytical methods:
Results:

Gas chromatography with electron capture detection

Mortality
No mortalities occurred in the negative control, solvent control or in the treatment levels up to 5.3 mg a.s./L.
Mortality of 100 % was observed after 96 hours of exposure for all the treatment levels higher than 5.3 mg a.s./L.

Behavioural observations
No behavioural signs of toxicity were observed in bluegill sunfish during 96 hours of exposure to 0.013 mg a.s./L.
Bluegill sunfish exposed to 5.3 mg a.s./L exhibited exposure-related signs of toxicity ranging from laboured
respiration to prostrate behaviour, although no mortality was observed.

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Lepomis macrochirus, 96 h) = 6.0 mg a.s./L
NOEC (Lepomis macrochirus, 96 h) = 0.013 mg a.s./L
The results are based on mean measured concentrations.

RMS study

The GLP status of the laboratory was checked and was acceptable. This study has been re-evaluated

comment:

by the RMS against the validity criteria in OECD Guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less than ten
are used) at the end of the test.



Constant conditions should be maintained as far as possible throughout the test and, if
necessary, semi-static or flow-through procedures should be used.



The dissolved oxygen concentration must have been at least 60 per cent of the air saturation
value throughout the test.



There must be evidence that the concentration of the substance being tested has been
satisfactorily maintained, and preferably it should be at least 80 per cent of the nominal
concentration throughout the test. If the deviation from the nominal concentration is greater
than 20 per cent, results should be based on the measured concentration.

RMS: NO
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The study does not fulfil the validity criteria in OECD 203 (2009); i.e. there must be evidence that
the concentration of the substance being tested has been satisfactorily maintained, and preferably, it
should be at least 80 per cent of the nominal concentration throughout the test. The concentrations
of benfluralin dropped to very low levels at the end of the 24-hour periods:
Table B.9.2.1-2: Analytical measurements of benfluralin in an acute toxicity test with bluegill
sunfish (Lepomis macrochirus).
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)
0-Hour
(new)

Day
(aged)

Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

Solvent Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

0.1

0.015

0.009

0.016

0.013

0.013 ± 0.003

13

10

8.4

1.8

9.7

1.2

5.3 ± 4.4

53

20

12.7

0.8

-

-

6.8 ± 6.8

34

30

22.2

1.2

-

-

11.7 ± 11.7

39

50

41.8

1.0

-

-

21.4 ± 28.8

51

1

Day
(new)

3

Day
(aged)

4

Geometric
Mean ± SD

Percent of
Nominal

LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Several other deviations from the guideline have been revealed:

1) The temperature of 19.9–20.5 °C is below the recommended temperature of 21–
25 °C.

2) The length of the test organisms of 4.63 ± 0.43 cm is above the recommended
length of 1–3 cm (the loading rate was however acceptable).

3) A spacing factor of 100 separated the lowest (0.1 mg a.s/L) and the adjacent
treatment group (10 mg a.s./L).

4) The nominal concentration of acetone in the solvent control and treatment
solutions was 0.5 ml/L (392.3 mg/L) – a much higher concentration than the
maximum recommended concentration of 100 mg/L.

5) The selected doses were much higher than the water solubility of benfluralin
(0.065 mg/L) with the maximum dose being as much as 770 times higher than the
limit of water solubilty. This was confirmed by the appearance of a yellow
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precipitate on the surfaces of the test solutions and test vessels at the end of each
24 hour renewal period.

In particular, the last point may have affected the reliability of the test results. Given the solubility
issues and the deviation from the validity criteria, the study is not considered acceptable.

CA 8.2.1/03
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(1990a) (Benefin) – Acute Toxicity to Sheepshead Minnow
(Cyprinodon variegatus) under Flow-Through Conditions.
Report No. 90-8-3416
US EPA FIFRA 72-3
Yes
Unacceptable
In DAR (Updated version 2007)
Benefin (benfluralin)

Lot/Batch No.:

231EF4

Purity:

96.6 %

Species:

Cyprinodon variegatus, sheepshead minnow

Treatments:

Nominal: 1.9, 3.2, 5.4, 9.0, 15 mg a.s./L.
Mean measured: 0.16, 0.21, 0.33, 0.85, 1.1 mg a.s./L. Mean measured
concentrations ranging from 6.1–9.4 % of the nominal concentrations

Controls:

Dilution water control and solvent control (acetone)

Replication,
length:

weight,

10 fish/test vessel, 2 replicates/treatment, 0.33 (0.12–0.83) g, 26 (21–36) mm
The fish loading was maximum 0.14 g body weight/L (10 fish with maximum body
weight of 0.83 g in minimum 3.4 L of test solution, with 17 volume replacements
per aquarium every 24 hours).

Type of test:

7 days flow-through. In an effort to elicit a biological response (mortality) sufficient
to estimate an LC50 value, the exposure period was extended to 7 days.

Test conditions:

Temperature: 22–23 °C
pH: 7.7–8.0
Oxygen content: 83–106 % O2 saturation (6.0–7.6 mg/L O2)
Total hardness: 103 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle
Salinity: 30–32 ‰

Analytical methods:
Results:

Gas chromatography with electron capture detection

Mortality
168-hour exposure: No mortalities occurred in the negative control. There was 5 % mortality observed in the
solvent control. Mortalities at the treatment levels of 0.16, 0.21, 0.33, 0.85 and 1.1 mg a.s./L were 10 %, 5 %, 5
%, 15 % and 55 % respectively.

Behavioural observations

RMS: NO
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Several signs of toxicity were observed from the treatment level of 0.16 mg a.s./L on (loss of equilibrium, gulping,
lethargic behaviour, curvature of the spine, anteriorly extended pectoral fins).

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Cyprinodon variegatus, 96 h) > 1.1 mg a.s./L
LC50 (Cyprinodon variegatus, 168 h) = 1.7 mg a.s./L
NOEC (Cyprinodon variegatus, 168 h) < 0.16 mg a.s./L
The results are based on mean measured concentrations.

RMS

The GLP status of the laboratory was checked and was acceptable. This study has been re-evaluated by the RMS

study

against the validity criteria in the updated OECD guideline 203 (2009).

comment:

For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less than ten are used) at the
end of the test.



Constant conditions should be maintained as far as possible throughout the test and, if necessary, semistatic or flow-through procedures should be used.



The dissolved oxygen concentration must have been at least 60 per cent of the air saturation value
throughout the test.



There must be evidence that the concentration of the substance being tested has been satisfactorily
maintained, and preferably it should be at least 80 per cent of the nominal concentration throughout the
test. If the deviation from the nominal concentration is greater than 20 per cent, results should be based
on the measured concentration.

The study does not fulfill the validity criteria in OECD 203 (2009); i.e. there must be evidence that the
concentration of the substance being tested has been satisfactorily maintained, and preferably, it should be at
least 80 per cent of the nominal concentration throughout the test. The coefficient of variation (CV) of the mean
measured concentrations ranged from 32 % for the 0.16 mg/L test solutions to 98 % for the 0.85 mg/L test
solutions. This implies a large variability in each treatment level, which also is confirmed by looking at the single
measured values:
Table B.9.2.1-3: Analytical measurements of benfluralin in a 168-hour acute toxicity test with sheepshead
minnow (Lepomis macrochirus).
Nominal

Measured Concentration (mg a.s./L)

Percent of
Nominal
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Concentr
ation
(mg
a.s./L)

0-Hour

96-Hour

168-Hour

Mean ± SD
(168-Hour)

Replicate
A

Replicate
B

Replicate
A

Replicate
B

Replicate
A

Replicate
B

Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

Solvent
Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

1.9

0.20

0.22

0.088

0.14

0.19

0.12

0.16 ± 0.051

8

3.2

0.30

0.33

0.14

0.16

0.17

0.17

0.21
0.081

6

5.4

0.54

0.54

0.22

0.17

0.25

0.24

0.33 ± 0.17

6

9.0

0.79

0.71

0.23

0.27

2.5

0.62

0.85 ± 0.83

9

15

1.2

1.0

0.52

0.44

2.4

0.80

1.1 ± 0.72

7

±

LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Throughout the exposure period, undissolved test material was observed in the diluter system’s mixing chamber.
The solution was thus mixed, utrasonified and filtered in order to prevent insoluble test material from entering
the dilution cells or exposure aquaria. Despite this treatment, still some small amounts of undissolved test
material was observed in the three highest treatment level aquaria.

Given the presence of undissolved test material, the issues with maintaining stable test concentrations and the
inconsistent dose-response pattern, the study is not considered sufficiently reliable. The study is not considered
acceptable.

CA 8.2.1/04
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Acute Toxicity of Benfluralin Technical to
Rainbow Trout (Oncorhynchus mykiss) in a 96-Hour Static Test.
Report No. 13068230
OECD Guideline 203: Fish, Acute Toxicity Test and 92/69/EEC, C.1 (1992)
Yes
Unacceptable
In DAR (Updated version 2007)
Benfluralin technical

Lot/Batch No.:

650/01

Purity:

96.7 %

Test species:

Oncorhynchus mykiss, rainbow trout

Treatments:

Nominal: 1.0, 2.1, 4.6, 10, 21 mg a.s./L.
Mean measured: 0.4, 0.6, 1.2, 4.9, 10.1 mg a.s./L. Mean measured concentrations
ranging from 27–49 % of the nominal concentrations.

Controls:

Dilution water control and solvent control (methylcellulose)
7 fish/test vessel, 1 replicate/treatment, 0.79  0.11 g, 4.4  0.2 cm
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Replication,
length:

weight,

The fish loading was 0.93 g body weight/L (7 fish with body weight of 0.79 g in 6
L of test solution).
96 hours static

Type of test:
Temperature: 16–17 °C
pH: 7.5–8.0
Oxygen content: 84–95 % O2 saturation (8.4–9.5 mg/L O2)
Total hardness: 250 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle

Test conditions:

HPLC with UV-VIS detection
Analytical methods:
Results:
Mortality
No mortalities were observed in the negative control, the solvent control or in the treatment levels up to 0.6 mg
a.s./L. After 96 hours one fish died in the treatment levels of 1.2 and 4.9 mg a.s./L. At the highest treatment level
of 10.1 mg a.s./L five fish died after 96 hours of exposure.

Behavioural observations
One fish showed apathy at the lowest test concentration of 0.4 mg a.s./L but this was not considered treatmentrelated. From the test concentration of 0.6 mg a.s./L onwards, all test fish showed several intoxication symptoms
(apathy, convulsions, fish lying on side or back, strong ventilation) until the end of the test.

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Oncorhynchus mykiss, 96 h) = 5.3 mg a.s./L
NOEC (Oncorhynchus mykiss, 96 h) = 0.4 mg a.s./L
The results are based on mean measured concentrations.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the updated OECD guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less than
ten are used) at the end of the test;



Constant conditions should be maintained as far as possible throughout the test and,
if necessary, semi-static or flow-through procedures should be used



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test;

RMS: NO
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There must be evidence that the concentration of the substance being tested has been
satisfactorily maintained, and preferably it should be at least 80 per cent of the
nominal concentration throughout the test. If the deviation from the nominal
concentration is greater than 20 per cent, results should be based on the measured
concentration.

The study fulfils the validity criteria in OECD 203 (2009). The analytical measurements were
done in duplicates at test initiation and test termination and the concentrations were relatively
stable throughout the study:

Table B.9.2.1-4: Analytical measurements of benfluralin in an acute toxicity test with
rainbow trout (Oncorhynchus mykiss).
Measured Concentration (mg a.s./L)
Nominal
Concentration
(mg a.s./L)

0-Hour
Sample
1

Sample
2

Sample
1

Sample
2

Control

NA

NA

NA

NA

NA

NA

Solvent
Control

< LOQ

NA

< LOQ

NA

NA

NA

1

0.252

0.552

0.437

0.41

0.42

42

2.1

0.658

0.589

0.546

0.635

0.61

29

4.6

1.303

1.512

1.090

1.007

1.23

27

10

4.929

5.086

4.447

5.317

4.94

49

21

10.656

11.005

8.594

10.118

10.1

48

96-Hour

Mean
Mesaured

Percent
of
Nominal

LOQ = Limit of Quantitation
NA = Not Applicable

The test material, however, was dosed in concentrations ranging from approximately 15 to
323 times the limit of aqueous solubility of benfluralin. Consequently, precipitation and
settling of the test material was observed in all test solutions. These solubility issues were
manifested in the following ways:

1.

Benfluralin was present on the aquarium floor and foam was generated from 0 hours
onwards in all treatment aquaria.

2.

The test medium was coloured, settled on the aquarium floor and foam was generated
from 0 hours onwards in the three highest concentrations.

RMS: NO
Co-RMS: NL

- 45 Benfluralin
Annex B.9 (AS): Ecotoxicology

3.

Same observations as above, but in addition with benfluralin floating at the surface
from 24 hours onwards in the highest treatment aquaria.

In the study report, it is stated that the active substance was suspended in the test solution. In
an additional non-GLP experiment also referred to in the study report, the amount of
benfluralin in suspension was investigated by centrifuging the samples and analysing the
supernatant concentrations in the samples. In the stock solution of 100 mg/L, the test item
could be suspended (recovery rate 101 % mean value), but 94 % of the nominal concentration
could be removed by centrifugation. Thus, as the measured concentrations seem to represent
both dissolved and undissolved benfluralin, the reported endpoints will most likely be an
overestimation of the bioavailable concentrations and an underestimation of the toxicity of
benfluralin. The RMS does also question the choice of methylcellulose as a solvent, as this is
not one of the recommended solvents in the test guideline. The study is not considered
acceptable.

CA 8.2.1/05
Reference:
Company Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2003b) Acute Toxicity of Benfluralin Technical to
Zebra Fish (Brachydanio rerio) in a 96-Hour Static Test.
., Report No. 13069230A
203: Fish, Acute Toxicity Test and 92/69/EEC, C.1 (1992)
Yes
Unacceptable
In DAR (Updated version 2007)
Benfluralin technical

Lot/Batch No.:

650/01

Purity:

96.7%,

Species:

Brachydanio rerio, zebra fish

Treatments:

Nominal: 4.6, 10, 21, 46, 100 mg a.s./L. Mean measured: 3.8, 8.0, 10.4, 27.0, 51.4
mg a.s./L. Mean measured concentrations ranging from 50–83 % of the nominal
concentrations

Controls:

Dilution water control and solvent control (methylcellulose)

Replication,
length:

weight,

7 fish/test vessel, 1 replicate/treatment, 0.16  0.04 g, 2.7  0.1 cm. The fish loading
was 0.28 g body weight/L.

Type of test:

96 hours static

Test conditions:

Temperature: 22 °C
pH: 7.5–8.0
Oxygen content: 9 –106 % O2 saturation (8.4–9.3 mg/L O2)
Total hardness: 250 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle

Analytical methods:

HPLC with UV-VIS detection

RMS: NO
Co-RMS: NL

- 46 Benfluralin
Annex B.9 (AS): Ecotoxicology

Results:
Mortality
No mortalities were observed in the negative control, the solvent control or in the treatment levels up to 10.4 mg
a.s./L. At the test concentration of 27.0 mg a.s./L six fish were dead after 24 hours test duration. At the highest test
concentration of 51.4 mg a.s./L all fish were dead after 24 hours test duration.

Behavioural observations
Several symptoms of intoxication such as tumbling during swimming, apathy, fish lying on side or back and
convulsions were observed from the treatment level of 8.0 mg a.s./L onwards.

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Brachydanio rerio, 96 h) = 23.3 mg a.s./L
NOEC (Brachydanio rerio, 96 h) = 3.8 mg a.s./L
The results are based on mean measured concentrations.

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the updated OECD guideline 203
(2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less
than ten are used) at the end of the test;



Constant conditions should be maintained as far as possible throughout the test
and, if necessary, semi-static or flow-through procedures should be used



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test;



There must be evidence that the concentration of the substance being tested has
been satisfactorily maintained, and preferably it should be at least 80 per cent of
the nominal concentration throughout the test. If the deviation from the nominal
concentration is greater than 20 per cent, results should be based on the measured
concentration.
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The study fulfils the validity criteria in OECD 203 (2009). The analytical measurements
were done in duplicates at test initiation test termination. Concentrations were in general
stable in most of the treatments:
Table B.9.2.1-5: Analytical measurements of benfluralin in an acute toxicity test with
zebra fish (Brachydanio rerio).
Measured Concentration (mg a.s./L)
Nominal
Concentration
(mg a.s./L)

0-Hour
Sample
1

Sample
2

Sample
1

Sample
2

Control

NA

NA

NA

NA

NA

NA

Solvent
Control

< LOQ

NA

< LOQ

NA

NA

NA

4.6

4.304

4.304

2.732

3.289

3.8

83

10

11.111

12.664

4.147

3.942

8.0

80

21

10.509

8.997

12.916

9.173

10.4

50

46

25.973

29.506

25.986

26.412

27.0

59

100

54.813

43.239

53.535

55.024

51.4

51

96-Hour

Mean
Measured

Percent
of
Nominal

LOQ = Limit of Quantitation
NA = Not Applicable

The test material, however, was dosed in concentrations ranging from approximately 70 to
1539 times the limit of aqueous solubility of benfluralin. Consequently, precipitation and
settling of the test material was observed in all test solutions. These solubility issues were
manifested in the following ways:

1.

Benfluralin was present on the aquarium floor and foam was generated from 0
hours onwards in all treatment aquaria.

2.

The test medium was coloured, settled on the aquarium floor and generated foam
from 0 hours onwards in the three highest concentrations.

In the study report, it is stated that the active substance was suspended in the test solutions.
In an additional non-GLP study also referred to in the study report, the amount of
benfluralin in suspension was investigated by centrifuging the samples and analysing the
supernatant concentrations in the samples. In the stock solution of 100 mg/L, the test item
could be suspended (recovery rate 101 % mean value), but 94 % of the nominal
concentration could be removed by centrifugation. Thus, as the measured concentrations
seem to represent both dissolved and undissolved benfluralin, the reported endpoints will
most likely be an overestimation of the bioavailable concentrations and an underestimation
of the toxicity of benfluralin. The RMS does also question the choice of methylcellulose
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as a solvent, as this is not one of the recommended solvents in the test guideline. The study
is not considered acceptable.

CA 8.2.1/06
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2001a) Trifluralin
Metabolite TR-6: An Acute Toxicity Study with the Rainbow Trout, Oncorhynchus
mykiss Walbaum.
, Report No. 011092
OECD Guideline 203: Fish, Acute Toxicity Test, 92/69/EEC, C.1 (1992) and
US EPA FIFRA 72-1
Yes
Acceptable
In DAR (Updated version 2007)
Trifluralin metabolite TR-6

Lot/Batch No.:

GHD-6140-36A

Purity:

99 %

Species:

Oncorhynchus mykiss, rainbow trout

Treatments:

Nominal: 0.117, 0.194, 0.324, 0.540, 0.900, 1.50 mg trifluralin metabolite TR-6/L.
Mean measured: 0.113, 0.185, 0.299, 0.519, 0.858, 1.54 mg trifluralin metabolite
TR-6/L. Mean measured concentrations ranging from 92–103 % of the nominal
concentrations.

Controls:

Dilution water control and solvent control (dimethylformamide)

Replication,
length :

weight,

5 fish/test vessel, 2 replicates/treatment, 841  177 mg, 45  3 mm
The fish loading was 0.42 g body weight/L (5 fish with mean body weight of 841
mg in 10 L of test solution)

Type of test:

96 hours static

Test conditions:

Temperature: 12.8–13.3 °C
pH: 7.0–7.6
Oxygen content: 83–100 % O2 saturation (8.8–10.6 mg/L O2)
Total hardness: 70 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle

Analytical methods:
Results:

HPLC with UV detection

Mortality
No mortalities occurred in the negative control or in the solvent control. Observations following 96 hours of
exposure resulted in mortality in 10 %, 0 %, 0 %, 10 %, 30 % and 90 % of the fish at the treatment levels of 0.113,
0.185, 0.299, 0.519, 0.858 and 1.54 mg/L respectively.

Behavioural observations
Sublethal effects such as partial loss of equilibrium, complete loss of equilibrium and immobility were observed
from the treatment level of 0.519 mg/L onwards.
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Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Oncorhynchus mykiss, 96 h) = 1.00 mg trifluralin metabolite TR-6/L
NOEC (Oncorhynchus mykiss, 96 h) = 0.299 mg trifluralin metabolite TR-6/L.
Results are based on mean measured concentrations.

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been
re-evaluated by the RMS against the validity criteria in the updated OECD guideline
203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if
less than ten are used) at the end of the test;



Constant conditions should be maintained as far as possible throughout the
test and, if necessary, semi-static or flow-through procedures should be used



The dissolved oxygen concentration must have been at least 60 per cent of
the air saturation value throughout the test;



There must be evidence that the concentration of the substance being tested
has been satisfactorily maintained, and preferably it should be at least 80 per
cent of the nominal concentration throughout the test. If the deviation from
the nominal concentration is greater than 20 per cent, results should be based
on the measured concentration.

The study fulfils the validity criteria in OECD 203 (2009). The temperature was
slightly below the recommended temperature for rainbow trout in OECD 203, but
within the temperature range specified in the US EPA Guideline OPPTS 850.1075.
The study is still considered acceptable.
Agreed endpoints:

LC50 (Oncorhynchus mykiss, 96 h) = 1.00 mg TR-6/L
NOEC (Oncorhynchus mykiss, 96 h ) = 0.299 mg TR-6/L

CA 8.2.1/07
Reference:

Report No.:
Guideline:

(2001b) Trifluralin
Metabolite TR-15: An Acute Toxicity Study with the Rainbow Trout,
Oncorhynchus mykiss Walbaum.
, Report No. 011106
OECD Guideline 203: Fish, Acute Toxicity Test, 92/69/EEC, C.1 (1992) and
US EPA FIFRA 72-1
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GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Yes
Acceptable
In DAR (Updated version 2007)

Lot/Batch No.:

GHD-6140-43C

Purity:

99 %

Species:

Oncorhynchus mykiss, rainbow trout

Treatments:

Nominal: 1.01, 1.68, 2.81, 4.68, 7.80, 13.0 mg trifluralin metabolite TR-15/L.
Mean measured: 1.04, 1.73, 2.84, 4.69, 7.77, 13.0 mg trifluralin metabolite TR15/L.
Mean measured concentrations ranging from 100–103 % of the nominal
concentrations

Trifluralin metabolite TR-15

Controls:
Dilution water control and solvent control (dimethylformamide)
Replication,
length:

weight,
5 fish/test vessel, 2 replicates/treatment, 858  167 mg, 45  3 mm
The fish loading was 0.43 g body weight/L (5 fish with mean body weight of 858
mg in 10 L of test solution)

Type of test:
96 hours static
Test conditions:
Temperature:12.8–13.5 °C
pH: 7.0–7.7
Oxygen content: 87–102 % O2 saturation (9.2–10.8 mg/L O2)
Total hardness: 36 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle
Analytical methods:
HPLC with UV detection
Results:
Mortality
No mortalities occurred in the negative control or in the solvent control. Mortalities at the treatment levels of 1.04,
1.73, 2.84, 4.69, 7.77 and 13.0 mg/L after 96 hours of exposure were 0 %, 0 %, 20 %, 0%, 100 % and 100 %
respectively.

Behavioural observations
Sublethal effects such as partial loss of equilibrium, complete loss of equilibrium, ascites, lethargy, erratic
swimming and immobility were observed from the treatment level of 1.73 mg/L onwards.

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Oncorhynchus mykiss, 96 h) = 5.46 mg trifluralin metabolite TR-15/L
NOEC (Oncorhynchus mykiss, 96 h) = 1.04 mg trifluralin metabolite TR-15/L
The results are based on mean measured concentrations.
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RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the updated OECD guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less than
ten are used) at the end of the test;



Constant conditions should be maintained as far as possible throughout the test and, if
necessary, semi-static or flow-through procedures should be used



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test;



There must be evidence that the concentration of the substance being tested has been
satisfactorily maintained, and preferably it should be at least 80 per cent of the nominal
concentration throughout the test. If the deviation from the nominal concentration is
greater than 20 per cent, results should be based on the measured concentration.

The study fulfils the validity criteria in OECD 203 (2009) and is still considered acceptable. A
non-monotonous dose-response relationship was observed, with 20, 0, 100 and 100 % mortality
at 2.81, 4.69, 7.80 and 13.0 mg/L, respectively. Although no mortality was reported in the 4.69
mg/L treatment group, several sublethal effects were observed. Mortality and effect data are
summarised in the table below.
Table B.9.2.1-6: Sublethal effects and mortality in an acute toxicity test with rainbow trout
(Oncorhynchus mykiss) exposed to the trifluralin metabolite TR-15.
Nominal
Concentrations
(mg/L)

Mean
Analysed
Concentration
(mg/L)

Observations
24-hr

48-hr

72-hr

96-hr

Control

<LOQ

10N

10N

10N

10N

Solvent Control

<LOQ

10N

10N

10N

10N

1.04

1.01

10N

10N

10N

10N

1.73

1.68

9N, 1PE

10N

9N, 1PE

9N, 1PE

2.84

2.81

6N,
1L,
2PE, 1D

6N,
2L,
1PE, 1D

4.69

4.68

7.77

7.80

13.0

13.0

7N,
1L,
1ES, 1PE
2N,
3L,
1AS, 1PE,
1(CE,I,AS),
2D
10D

4N, 2L, 4PE

5N,
1L,
2PE,
1(PE,L), 1D
3N, m5PE,
2(PE,L)

4N,
2PE,
2(PE,L), 2D
2N,
2(PE,L)

1N,
3L,
1(CE,AS),
5D

1PE, 9D

10D

10D

10D

10D

6PE,
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LOQ = Limit of Quantitation
N = normal, CE = complete loss of equilibrium, D = dead, PE = partial loss of equilibrium, L = lethargy, I = immobile,
AS = ascites, ES = erratic swimming

Agreed endpoints:

LC50 (Oncorhynchus mykiss, 96 h) = 5.46 mg TR-15/L
NOEC (Oncorhynchus mykiss, 96 h) = 1.04 mg TR-15/L

CA 8.2.1/08
Reference:

Report No:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2014a) Benfluralin TGAI: Acute Toxicity to Rainbow Trout
(Oncorhynchus mykiss) Under Flow-Through Conditions,
Following OCSPP Draft Guideline 850.1075.
, Report No. 14050.6160
OCSPP Draft Guideline 850.1075
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % w/w

Species:

Oncorhynchus mykiss, rainbow trout

Test media:

Well water

Treatments:

Nominal concentrations: 0.0031, 0.0063, 0.013, 0.025 and 0.050 mg/L
corresponding to mean measured concentrations: 0.0013, 0.0055, 0.0097, 0.021 and
0.048 mg/L.

Controls:

Dilution water control

Replication:

2 replicates per treatment level and control, 10 fish/replicate

Type of test:

96 hours flow-through

Exposure:

Each glass exposure vessel of 30 x 15 x 20 centimetres was filled with 6.8 L of the
test solution. A representative sample (N =30) of the fish from the test population
had a mean wet weight of 1.1 g (0.72–1.4 g) and mean total length of 46 mm (40–
51mm). The loading rate was 0.27 grams of biomass per litre solution per day. The
fish were not fed during the exposure. The test substance was dosed with a saturator
column made of glass and Teflon packed with glass wool. The column with wool
was covered evenly with a benfluralin in acetone solution and a vacuum pump was
used to evaporate all the acetone. The column was designed to provide a constant
flow of saturated aqueous solution without the use of a carrier solvent. The flow of
exposure solution provided approximately six solution volume replacements per
day in order to provide a 90 % test solution replacement rate of approximately 9
hours.

Test conditions:

Temperature in test solution: 12–14 °C
Photoperiod: 16:8 h
Light intensity: 390–580 lux
pH: 7.1–7.4
Water hardness: 40.0 mg/L as CaCO3
Dissolved oxygen: 6.8–10 mg/L (65-96 % of air saturation)
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Observations:

Water
measurements:

All aquaria were examined for mortalities, behavior and adverse effects of the fish
and physical characteristics of the test solutions at initiation and after 6, 24, 48, 72
and 96 hours.
quality

Dissolved oxygen concentration, temperature and pH were measured once daily in
both replicate vessels of each treatment level aquaria and the control throughout the
exposure period. The temperature was continuously monitored in replicate A of the
0.0063 mg/L (nominal) treatment level.

Chemical analysis:

One water sample from each treatment level and each control solution was collected
and analysed for benfluralin at exposure initiation (0-hour) and exposure
termination (96 hours). The samples were removed from replicate B of every
treatment and control at initiation and replicate A at termination. All exposure
solutions were analysed for benfuralin using gas chromatography with microelectron capture detection (GC/µECD).

Data analysis:

No concentration resulted in ≥ 50 % mortality. The LC50 were empirically estimated
to be greater than the highest mean measured concentration tested. NOEC was
defined as the highest concentration tested at and below which there was no
toxicant-related mortality or physical and behavioural abnormalities compared with
the control organisms.

Results:
Analytical measurements
Mean measured concentrations of benfluralin ranged from 42 to 95 % of nominal concentrations. The exposure
levels were in general consistent between sampling intervals. The measured concentrations at each sampling point
are summarised in the table below.
Table B.9.2.1-7: Analytical measurements of benfluralin in an acute toxicity test with rainbow trout
(Oncorhynchus mykiss).
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)*
0 Hour

96 Hour

Mean (SD)

Control

< LOQ

< LOQ

NA

0.0031

0.0014

0.0012

0.0063

0.0056

0.0055

0.013

0.0090

0.010

0.025

0.022

0.020

0.050

0.043

0.053

Percent of Nominal

0.0013
(0.00012)
0.0055
(0.000052)
0.0097
(0.0010)
0.021
(0.00096)
0.048
(0.0073)

NA
42
88
75
84
95

*Mean measured concentration, standard deviation (SD) and percent of nominal were calculated using the actual analytical (unrounded) results
and not the rounded (two significant figures) values presented in this table.
LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Mortality
Following 96 hours of exposure, no mortalities were observed in the control or in any of the treatment levels. Since
no concentration tested resulted in ≥ 50 % mortality, the 96-hour LC50 value was empirically estimated to be >
0.048 mg/L, the highest mean measured concentration tested.
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Behavioural observations
No effects were observed among fish in the control or in the three lowest treatment levels. Several sublethal effects
were observed in the 0.021 and the 0.048 mg/L treatments after 24 hours, and these effects were getting more
pronounced throughout the course of the study:

0.021 mg/L (at test termination): One fish had a complete loss of equilibrium; one fish was dark and had a partial
loss of equilibrium; one fish was dark and had a complete loss of equilibrium; one fish was dark and lethargic;
several fish were lethargic and several fish were observed to be on the bottom of the test vessel.

0.048 mg/L (at test termination): One fish had a complete loss of equilibrium; several fish were lethargic; several
fish were observed to be on the bottom of the test vessel and several fish were dark and lethargic.

Based on these observations, the NOEC was determined to be 0.0097 mg/L.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less
than ten are used) at the end of the test.



Constant conditions should be maintained as far as possible throughout the test and,
if necessary, semi-static or flow-through procedures should be used.



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test.



There must be evidence that the concentration of the substance being tested has
been satisfactorily maintained, and preferably it should be at least 80 per cent of the
nominal concentration throughout the test. If the deviation from the nominal
concentration is greater than 20 per cent, results should be based on the measured
concentration.

The study fulfils the validity criteria in OECD 203 (2009). In the study report, it is stated
that the fish were held in conditions similar to those found in the test for 11 days prior to
testing. This is slightly shorter than the recommended acclimation period of 12 days. In
addition, the recorded temperature of 12–14 °C is slightly below the recommended
temperature of 13–17 °C, but within the recommended temperature range specified in the
US EPA Guideline OPPTS 850.1075. Neither of these deviations are expected to have a
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noticeable influence on the test results. It is also noted that a pronounced increase in O2levels in all aquaria was reported between 0 and 24-hour exposure. This did not seem to
influence the test results as no sublethal effects were seen in the control group. No mortality
was observed among rainbow trout exposed to concentrations up to approximately 75 % of
the limit of solubility of benfluralin. Several sublethal effects were observed in the two
highest treatments. The study is considered acceptable.
Agreed endpoints:

LC50 (Oncorhynchus mykiss, 96 h) > 0.048 mg/L
NOEC (Oncorhynchus mykiss, 96 h) = 0.0097 mg/L

CA 8.2.1/09
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2013a) Benfluralin TGAI: Acute Toxicity to Bluegill Sunfish (Lepomis
macrochirus) Under Flow-Through Conditions, Following OCSPP Draft Guideline
850.1075.
, Report No. 14050.6125
OCSPP Draft Guideline 850.1075
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % w/w

Species:

Lepomis macrochirus, bluegill sunfish

Test media:

Well water

Treatments:

Nominal concentrations: 0.0031, 0.0063, 0.013, 0.025 and 0.050 mg a.s./L
corresponding to mean measured concentrations: 0.0028, 0.0051, 0.0094, 0.020 and
0.042 mg a.s./L.

Controls:

Dilution water control

Replication:

2 replicates per treatment level and control, 10 fish/replicate

Type of test:

96 hours flow-through

Exposure:

Each glass exposure vessel of 30 x 15 x 20 centimetres was filled with 6.8 L of the
test solution. A representative sample (N =30) of the fish from the test population
had a mean wet weight of 0.61 g (0.39–0.77 g) and mean total length of 29 mm (25–
32 mm). The loading rate was 0.15 grams of biomass per litre solution per day. The
fish were not fed during the exposure. The test substance was dosed with a saturator
column made of glass and Teflon packed with glass wool. The column with wool
was covered evenly with a benfluralin in acetone solution and a vacuum pump was
used to evaporate all the acetone. The column was designed to provide a constant
flow of saturated aqueous solution without the use of a carrier solvent. The flow of
exposure solution provided approximately six solution volume replacements per
day in order to provide a 90 % test solution replacement rate of approximately 9
hours.

Test conditions:

Temperature in test solution: 21–23 °C
Photoperiod: 16:8 h
Light intensity: 390–580 lux
pH: 6.9–7.4
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Water hardness: 52 mg/L as CaCO3
Dissolved oxygen: 7.5– 9.2 mg/L (86–105 % of air saturation)
Observations:

Water
measurements:

All aquaria were examined for mortalities, behavior and adverse effects of the fish
and physical characteristics of the test solutions at initiation and after 6, 24, 48, 72
and 96 hours.
quality

Dissolved oxygen concentration, temperature and pH were measured once daily in
both replicate vessels of each treatment level aquaria and the control throughout the
exposure period. The temperature was continuously monitored in replicate B of the
0.013 mg/L (nominal) treatment level.

Chemical analysis:

One water sample from each treatment level and each control solution was collected
and analysed for benfluralin at exposure initiation (0-hour), after 48 hours and at
exposure termination (96 hours). The samples were removed from replicate B of
every treatments and control at initiation and at termination, and from replicate A
at 48 hours. All exposure solutions were analysed for benfuralin using gas
chromatography with micro-electron capture detection (GC/µECD).

Data analysis:

No concentration resulted in ≥ 50 % mortality. The LC50 were empirically estimated
to be greater than the highest mean measured concentration tested. NOEC was
defined as the highest concentration tested at and below which there was no
toxicant-related mortality or physical and behavioural abnormalities compared with
the control organisms.

Results:
Analytical measurements
Mean measured concentrations of benfluralin ranged from 72 to 92 % of nominal concentrations and were in
general consistent between sampling intervals. The measured concentrations at each sampling point are
summarised in the table below.
Table B.9.2.1-8: Analytical measurements of benfluralin in an acute toxicity test with the bluegill sunfish
(Lepomis macrochirus).
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)*
0 Hour

48 Hour

96 Hour

Mean (SD)

Control

< LOQ

< LOQ

< LOQ

NA

0.0031

0.0032

0.0026

0.0027

0.0063

0.0061

0.0050

0.0043

0.013

0.0099

0.010

0.0082

0.025

0.023

0.018

0.020

0.050

0.045

0.040

0.041

0.0028
(0.00034)
0.0051
(0.00092)
0.0094
(0.0011)
0.020
(0.0022)
0.042
(0.0025)

Percent
Nominal

of

NA
92
82
72
82
84

*Mean measured concentration, standard deviation (SD) and percent of nominal were calculated using the actual analytical (unrounded) results
and not the rounded (two significant figures) values presented in this table.
LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Mortality
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Following 96 hours of exposure, mortality of 15% was observed among fish exposed to the highest treatment level.
No mortality or adverse effects were observed among fish in the control or the remaining treatment levels tested.
Since no concentration tested resulted in ≥ 50 % mortality, the 96-hour LC50 value was empirically estimated to
be > 0.042 mg/L, the highest mean measured concentration tested.

Behavioural observations
Of the surviving fish exposed to the 0.042 mg a.s./L, one individual exhibited a partial loss of equilibrium while
two fish exhibited a complete loss of equilibrium. Based on these observations, the NOEC was determined to be
0.0020 mg/L.

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less
than ten are used) at the end of the test.



Constant conditions should be maintained as far as possible throughout the test and,
if necessary, semi-static or flow-through procedures should be used.



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test.



There must be evidence that the concentration of the substance being tested has
been satisfactorily maintained, and preferably it should be at least 80 per cent of the
nominal concentration throughout the test. If the deviation from the nominal
concentration is greater than 20 per cent, results should be based on the measured
concentration.

The study fulfils the validity criteria in OECD 203 (2009). The maximum length of the fish
of 32 mm was slightly above the recommended maximum length of 30 mm for this species.
This is not expected to have an impact on the study results as the loading rate was within the
recommended limits. No mortality was observed among bluegill sunfish exposed to
concentrations up to approximately 65 % of the limit of solubility of benfluralin. Some
sublethal effects were seen in the highest treatment. The study is considered acceptable.
Agreed endpoints:

LC50 (Lepomis macrochirus, 96 h) > 0.042 mg a.s./L
NOEC (Lepomis macrochirus, 96 h) = 0.020 mg a.s./L
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CA 8.2.1/10
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2013b) Benfluralin TGAI: Acute Toxicity to Sheepshead Minnow
(Cyprinodon variegatus) Under Flow-Through Conditions,
Following OCSPP Draft Guideline 850.1075
, Report No. 14050.6161
OCSPP Draft Guideline 850.1075
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % w/w

Species:

Cyprinodon variegatus, sheepshead minnow

Test media:

Natural, filtered seawater

Treatments:

Nominal concentrations: 0.0031, 0.0063, 0.013, 0.025 and 0.050 mg a.s./L
corresponding to mean measured concentrations: 0.0018, 0.0042, 0.0080, 0.017 and
0.027 mg a.s./L.

Controls:

Dilution water control

Replication:

2 replicates per treatment level and control, 10 fish/replicate

Type of test:

96 hours flow-through

Exposure:

Each glass exposure vessel of 30 x 15 x 20 centimetres was filled with 6.8 L of the
test solution. A representative sample (N =30) of the fish from the test population
had a mean wet weight of 0.20 g (0.12–0.31 g) and mean total length of 22 mm (17–
29 mm). The loading rate was 0.29 grams of biomass per litre solution per day. The
fish were not fed during the exposure. The test substance was dosed with a saturator
column made of glass and Teflon packed with glass wool. The column with wool
was covered evenly with a benfluralin in acetone solution and a vacuum pump was
used to evaporate all the acetone. The column was designed to provide a constant
flow of saturated aqueous solution without the use of a carrier solvent. The flow of
exposure solution provided approximately six solution volume replacements per
day in order to provide a 90 % test solution replacement rate of approximately 9
hours.

Test conditions:

Temperature in test solution: 22–23 °C
Photoperiod: 16:8 h
Light intensity: 340–480 lux
pH: 7.9–8.1
Dissolved oxygen: 6.4–6.8 mg/L (83–89 % of air saturation)
Salinity: 20 ‰

Observations:

Observations for death, abnormal appearance and behaviour were performed at 2,
24, 48, 72, and 96 hours.

Water
measurements:

quality

Dissolved oxygen concentration, temperature and pH were measured once daily in
both replicate vessels of each treatment level aquaria and the control throughout the
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exposure period. The temperature was continuously monitored in replicate A of the
0.013 mg/L (nominal) treatment level.
Chemical analysis:

One water sample from each treatment level and each control solution was collected
and analysed for benfluralin at exposure initiation (0-hour), after 48 hours and at
exposure termination (96 hours). The samples were removed from replicate B of
each test solution and control at initiation and at termination, and from replicate A
at 48 hours. All exposure solutions were analysed for benfuralin using gas
chromatography with micro-electron capture detection (GC/µECD).

Data analysis:

No concentration resulted in ≥ 50 % mortality. The LC50 were empirically estimated
to be greater than the highest mean measured concentration tested. NOEC was
defined as the highest concentration tested at and below which there was no
toxicant-related mortality or physical and behavioural abnormalities compared with
the control organisms.

Results:
Analytical measurements
Mean measured concentrations ranged from 55 to 68 % of nominal concentrations. Measured concentrations of
benfluralin were generally consistent between sampling intervals. The measured concentrations at each sampling
point are summarised in the table below.
Table B.9.2.1-9: Analytical measurements of benfluralin in an acute toxicity test with sheepshead minnow
(Cyprinodon variegatus).
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s.L)*
0 Hour

48 Hour

96 Hour

Mean (SD)

Control

< LOQ

< LOQ

< LOQ

NA

0.0031

0.0019

0.0017

0.0018

0.0063

0.0045

0.0039

0.0042

0.013

0.0083

0.0079

0.0079

0.025

0.016

0.017

0.018

0.050

0.017

0.032

0.033

0.0018
(0.00010)
0.0042
(0.00029)
0.0080
(0.00024)
0.017
(0.00064)
0.027
(0.0089)

Percent
Nominal

of

NA
58
67
62
68
55

*Mean measured concentration, standard deviation (SD) and percent of nominal were calculated using the actual analytical (unrounded) results
and not the rounded (two significant figures) values presented in this table.
LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Mortality and behavioural observations
No mortalities or adverse effects were observed in the control or any of the treatment levels tested. Since no
concentration tested resulted in ≥ 50 % mortality or any adverse effects, the 96-hour LC50 and the NOEC were
empirically estimated to be > 0.027 mg/L and 0.027 mg/L, respectively.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:
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The mortality in the control(s) should not exceed 10 per cent (or one fish if less
than ten are used) at the end of the test;



Constant conditions should be maintained as far as possible throughout the test and,
if necessary, semi-static or flow-through procedures should be used



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test;



There must be evidence that the concentration of the substance being tested has
been satisfactorily maintained, and preferably it should be at least 80 per cent of the
nominal concentration throughout the test. If the deviation from the nominal
concentration is greater than 20 per cent, results should be based on the measured
concentration.

The study fulfils the validity criteria in OECD 203 (2009). In the study report, it is stated
that the fish were held in a water temperature that ranged from 22 to 28 °C seven days prior
to exposure initiation. In OECD 203, it is recommended that fish should be held in water
quality to be used in the test for at least seven days immediately before testing. The water
temperature ranged from 22 to 23 °C during the exposure. This did not seem to influence the
test results, since no effects at all were observed during the study. No mortality was observed
among sheepshead minnow exposed to concentrations up to approximately 50 % of the limit
of solubility of benfluralin. The study is considered acceptable.
Agreed endpoints:

LC50 (Cyprinodon variegatus, 96 h) > 0.027 mg a.s./L
NOEC (Cyprinodon variegatus, 96 h) = 0.027 mg a.s./L

CA 8.2.1/11
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2004) Benefin technical – acute toxicity to Carp (Cyprinus carpio)
under flow-through conditions
,
study
no. 12550.6332
OECD guideline 203; The official journal of the European communities L383L;
Method C.1,
protocol no.: 082103/OECD/EC/Carp-FTA
Yes
Acceptable
Submitted for the purpose of renewal
Benefin (benfluralin)

Lot/Batch No:

ACD13683

Purity:

97.5 % w/w

Species:

Cyprinus carpio, carp
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Test media:

Well water

Treatments:

Nominal concentrations: 0.0063, 0.013, 0.025, 0.050 and 0.10 mg a.s./L
corresponding to mean measured concentrations: 0.0018, 0.0026, 0.0098, 0.016 and
0.029 mg a.s./L

Controls:

Dilution water control and solvent control (acetone)

Replication:

1 replicate per treatment level and control, 10 fish/replicate

Type of test:

96 hours flow-through

Exposure:

Each glass exposure vessel of 30 x 15 x 20 centimetres was filled with 6.5 L of the
test solution. A representative sample (N =30) of the fish from the test population
had a mean wet weight of 1.5 g (0.71–3.1 g) and mean total length of 47 mm (38–
60 mm). The loading rate was 0.40 grams of biomass per litre solution per day. The
fish were not fed during the exposure.

Test conditions:

Temperature in test solution: 21 °C
Photoperiod: 16:8 h
Light intensity: 80–100 foot-candles (800–1076 lux)
pH: 6.5–7.2
Water hardness: 36–40 mg/L as CaCO3
Dissolved oxygen: 5.6–9.8 mg/L (64–111 % air saturation)
Test media was slightly aerated during the study.

Observations:

Observations for death, abnormal appearance and behaviour were performed at 0,
2, 4, 24, 48, 72 and 96 hours.

Water
measurements:

quality

Dissolved oxygen concentration, temperature and pH were measured once daily in
the treatment level aquaria and the controls throughout the exposure period. The
water temperature was continuously monitored in the control.

Chemical analysis:

One water sample from each treatment level and each control solution was collected
and analysed for benfluralin at exposure initiation and at exposure termination. All
exposure solutions were analysed for benfuralin using gas chromatography with
micro-electron capture detection (GC/µECD).

Data analysis:

No concentration resulted in ≥ 50 % mortality. The LC50 were empirically estimated
to be greater than the highest mean measured concentration tested. NOEC was
defined as the highest concentration tested at and below which there was no
toxicant-related mortality or physical and behavioural abnormalities compared with
the control organisms.

Results:
Analytical measurements
Mean measured concentrations of benfluralin ranged from 20 to 39 % of nominal concentrations. The measured
concentrations at each sampling point are summarised in the table below.
Table B.9.2.1-10: Analytical measurements of benfluralin in an acute toxicity test with carp (Cyprinus
carpio).
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)*
0 Hour

96 Hour

Mean

Control

< LOQ

< LOQ

NA

Percent of Nominal

NA
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Solvent Control

< LOQ

< LOQ

NA

NA

0.0063

0.0018

0.0019

0.0018

29

0.013

0.0032

0.0020

0.0026

20

0.025

0.0065

0.013

0.0098

39

0.050

0.016

0.016

0.016

33

0.10

0.028

0.030

0.029

29

*Mean measured concentration, standard deviation (SD) and percent of nominal were calculated using the actual analytical (unrounded) results
and not the rounded (two significant figures) values presented in this table.
LOQ = Limit of Quantitation
NA = Not Applicable

Mortality and behavioural observations
Following 96 hours of exposure, no mortality was observed among fish exposed to any of the treatment levels or
the controls. One surviving fish exposed to 0.016 mg/L benfluralin exhibited a complete loss of equilibrium. This
incidence is not considered treatment related as no fish exhibited abnormal behavior in the highest concentration.
Since no concentration tested resulted in ≥ 50 % mortality or any adverse effects, the 96-hour LC50 and the NOEC
were empirically estimated to be > 0.029 mg/L and 0.029 mg/L, respectively.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 203 (2009).
For a test to be valid following criteria should be fulfilled:


The mortality in the control(s) should not exceed 10 per cent (or one fish if less
than ten are used) at the end of the test;



Constant conditions should be maintained as far as possible throughout the test and,
if necessary, semi-static or flow-through procedures should be used



The dissolved oxygen concentration must have been at least 60 per cent of the air
saturation value throughout the test;



There must be evidence that the concentration of the substance being tested has
been satisfactorily maintained, and preferably it should be at least 80 per cent of the
nominal concentration throughout the test. If the deviation from the nominal
concentration is greater than 20 per cent, results should be based on the measured
concentration.

The study fulfils the validity criteria in OECD 203 (2009). Mean length of the fish (3.8–6.0
cm) was above the recommended length of 3.0 ± 1.0 cm in OECD 203. As the loading rate
was within acceptable limits, this deviation is thought to have no negative impact on the
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study. It was also reported a pronounced decrease in O 2-levels in all aquaria between 0 and
24-hour exposure, after the introduction of the test organisms. This did not seem to influence
the test results, as no sublethal effects were seen in the control group. No mortality was
observed among carp exposed to concentrations up to approximately 45 % of the limit of
solubility of benfluralin. The study is considered acceptable.
Agreed endpoints:

LC50 (Cyprinus carpio, 96 h) > 0.029 mg a.s./L
NOEC (Cyprinus carpio, 96 h) = 0.029 mg a.s./L

Reference:

Journal:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Padilla S., Corum D., Padnos B., Hunter D.L., Beam A., Houck K.A., Sipes N.,
Kleinstreuer N., Knudsen T., Dix D.J., and Reif D.M. ( 2012) Zebrafish
developmental screening of the ToxCastTM Phase I chemical library.
Reproductive Toxicology Vol. 33(2), pp. 174-87
Not specified
Not specified
Supplementary
Information from the peer-reviewed literature
309 chemicals, including benfluralin, from the EPA’s Phase 1 ToxCast library

Lot/Batch No:

Not specified

Purity:

> 90 %

Species:

Danio rerio, zebrafish

Test media:

250 μL Hanks’ balanced salt solution (13.7 mM NaCl, 0.54 mM KCl, 25 μM
Na2HPO4, 130 μM CaCl2, 100 μM MgSO4 and 420 μM NaHCO3)

Treatments:

80 μM chemical (in final concentration of DMSO during exposure of 0.4 % v/v) in
a single concentration study and a range (0.001, 0.004, 0.012, 0.03, 0.11, 0.32, 1.0,
2.96, 8.8, 26.6 and 80 μM, also in DMSO) in a concentration response study

Controls:

Solvent control (0.4 % DMSO)

Replication:

4 replicates/treatment, each replicate containing 1 embryo

Type of test:

5 days semi-static. Renewal every 24 hours.

Exposure:

Zebrafish embryos, age 6-8 hours after fertilization, were exposed in 96-well plates
(Millipore Multiscreen Nylon mesh plates. Each plate was sealed with a nonadhesive material, covered with a lid, and wrapped in Parafilm to minimize
evaporation.

Test conditions:

Temperature: 26 ± 0.1 ºC
Photoperiod: 14:10 h light-dark cycle

Observations:

5 days of exposure were followed by a wash-out for 1 day prior to the lethality,
hatching and malformation assessments performed on day 6 (post fertilization) with
a dissection microscope. If a larva was dead, no more assessments were made. If a
larva was viable, it was then determined if it had hatched or not. If the larva had not
hatched, then that information was recorded as an endpoint. If a larva was alive and
hatched, an assessment of the degree of malformation was made. Embryos/larvae
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were considered dead at 6 days post fertilization if there were signs of coagulation,
decay, or no visible heartbeat. Embryos/larvae were considered not hatched if they
remained encased in the chorion. If a larva was alive and hatched it was assessed
by an observer, blinded to the treatment. Larva was assessed for the following
malformations: 1) spine (e.g., stunted skeletal growth, curved spine, kink in tail), 2)
fins (e.g., malformed or stunted fins), 3) cranial/facial (e.g., abnormal head, eyes,
or otoliths), 4) thorax (e.g., distension, heart malformations), 5) abdomen (e.g.,
edema,emaciation), and 6) position in the water column (e.g., floating, lying on
side).Toxicity scores were assigned to mortality (40), non-hatching (20) and
malformations (0-34). Any chemical with a mean toxicity above 2.24 was
considered active.
Data analysis:

Chemical potencies were estimated for each compound in the ConcentrationResponse Study as half-maximal activity concentrations (AC50). The “response”
was the combined Toxicity Score (described above), which ranged from 0 to a
maximum imputed value of 40. Standard sigmoidal curves were fit using a 4parameter Hill model, where the response was defined in terms of the four
parameters {T, B, AC50,W}, were the parameters T and B are the upper (“top”) and
lower (“bottom”) asymptotes of each assay response, respectively. The W
parameter, or “Hillslope”, dictates the curve slope (change in response relative to
concentration) between B and T, where higher numbers indicate steeper curves. The
parameters were fit using a custom R implementation (R Development Core Team,
Vienna, 2011) of the Evolutionary Algorithm Dose Response Modeling (EADRM)
algorithm.

Results:
Biological observations
Benfluralin was considered positive for activity with a toxicity score of 7.5 in the single concentration study. The
AC50 value was calculated to be 4.3768 μM (corresponding to approximately 14.7 μg a.s./L) in the concentrationresponse study.

RMS
comment:

study

This open literature study confirms the high toxicity of benfluralin to fish. The study
methodology is however not comparable to any standard test guidelines. The study
will thus only serve as supplementary information.

B.9.2.2 Long term and chronic toxicity to fish
B.9.2.2.1 Fish early life stage toxicity test
CA 8.2.2.1/01
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(1990) The Toxicity of Benefin to
Rainbow Trout (Salmo gairdneri) in a 49-Day Early Life-Stage Study.
, Report No. F00690
US EPA FIFRA 72-4. Equivalent to OECD Guideline 210: Fish, Early-life Stage
Toxicity Test
Yes
Acceptable
In DAR (Updated version 2007)
Benefin (benfluralin)
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Lot/Batch No.:

231EF4

Purity:

96.62 %

Species:

Oncorhynchus mykiss, rainbow trout

Treatments:

Nominal: 1.2, 3.7, 11, 33, 100 µg a.s./L. Mean measured: 0.8, 1.9, 5.0, 14.8, 45.5
µg a.s./L. Mean measured concentrations ranging from 45–67 % of the nominal
concentrations

Controls:

Dilution water control and solvent control (acetone)

Replication,
length:

weight,

20 embryos/test vessel, 4 replicates/treatment, surviving larvae were transferred to
appropriate larvae growth tanks. The fish loading was maximum 0.2 g body
weight/L/day (20 larvae with maximum body weight of 0.73 g in 18 L of test
solution with 4.4 volume-replacements per day).

Type of test:

49 days flow-through

Test conditions:

Temperature: 11.5–13.1 °C, mean: 12 ± 0.3 °C
pH: 7.0–8.3
Oxygen content: 62–106 % O2 saturation (6.7–11.5 mg/L O2)
Total hardness: 103–171 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle

Analytical methods:
Results:
Biological observations

Gas chromatography with electron capture detection

Table B.9.2.2-1: Effects of benfluralin observed during the early life stage study with rainbow trout
(Oncorhynchus mykiss).
Mean measured test concentration (µg a.s./L)
Biological response
Control

Solvent
control

0.8

1.9

5.0

14.8

45.5

Larval survival at complete
hatch (%)

100

100

100

100

100

98.8

100

Larval
survival
termination (%)

92.5

95.0

90.0

92.5

39.1*

0.0*

Total length (mm)

41.0

41.1

39.7

38.1*

26.5*

-

Weight (g)

0.70

0.73

0.66

0.65

0.21*

-

at

test

* Statistically significantly different compared to the pooled control

Since no statistical difference was detected for any parameter between the negative control and the solvent control,
both control treatments were pooled.

No treatment-related behavioural effects were observed during the test in larvae exposed to test concentrations up
to 5.0 µg a.s./L. After days 22 and 18, marked increases in the numbers of hypoactive and prostrate larvae were
observed at the 14.8 and 45.5 µg a.s./L treatment levels, respectively. These increases in behavioural abnormalities
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at the two highest treatment levels were associated with significant reductions in larval survival. No treatmentrelated incidence of larval deformities was observed in this study.

Previous conclusions
The study is acceptable.
Endpoints:
NOEC (Oncorhynchus mykiss, 49 d) = 0.0019 mg a.s./L (based on total length)
The results are based on mean measured concentrations.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD Guideline 210 (2013).
For a test to be valid following criteria should be fulfilled:


The dissolved oxygen concentration should be > 60 % of the air saturation value
throughout the test.



The water temperature should not differ by more than ± 1.5 °C between test
chambers or between successive days at any time during the test, and should be
within the temperature ranges specified for the test species.



The analytical measure of the test concentrations is compulsory.



Overall survival of fertilized eggs and post-hatch success in the controls and, where
relevant, in the solvent controls should be greater than or equal to 75 %.

The study does not fulfil the validity criteria in OECD 210; i.e. the water temperature
differed more than ± 1.5 °C between test chambers or between successive days at any time
during the test and was higher than the temperature ranges specified for the species. The
reported maximum temperature span of 1.6 °C between some of the test chambers deviated
slightly from this validity criterion. In addition, the water temperature was somewhat higher
than the recommended temperature ranges for rainbow trout. These two deviations are not
considered to impact the test results of the following reasons:

1) The only registered measurement outside the 1.5 °C temperature range was in the
highest treatment at only one time point (day 2). At this concentration, a 100 %
cumulative mortality was observed among the fish larvae. I.e. this would not change
the reliability of the lowest NOEC (based on length), which was estimated from the
controls and the lower treatment levels.
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2) The mean water temperature was above the recommended temperature for rainbow
trout in OECD 210, but within the desired range stated in the study protocol. In
Annex 2 of OECD 210 it is written that other temperatures may be necessary
depending on strain and temperature used for eggs. It is possible that the particular
strain was adapted to somewhat higher temperatures than the temperatures given in
OECD 210. However, this deviation is not considered impact the dose-response
relationship, as the temperature range was applicable for all treatments and controls,
a high survival rate and an acceptable growth was observed among the control fish,
and a consistent and monotonous dose-response relationship indicative of toxic
effects was observed in the study.

No measurements of heavy metals, total organic carbon and suspended solids were reported.
Except from these deviations, the study seems to have been conducted in accordance with
OECD 210. Measurements of benfluralin were done on day 0, 6, 13, 20, 27, 34, 41 and 49
in all treatments and controls, and concentrations were relatively stable throughout the test.
The study is still considered acceptable.
The applicant did also provide a report1 with EC10, EC20 with confidence intervals, in
accordance with the requirements in Regulation (EU) No 283/2013. These endpoints have
been generated using linear interpolation (ICPIN) with the statistical software CETIS (©
Tidepool Scientific; version 1.9.1). RMS is not familiar with the software used, and it was
not possible to derive a lower 95% confidence limit for all of the EC10/EC20 values using this
approach. RMS consider it more appropriate to use ToxRat professional (version 3.2) with
default settings for the test template Fish, Early-life Stage Toxicity Test OECD 210-2013.
Summary of the ECx/LCx and NOEC values using ToxRAT professional is presented in the
table below:

Table B.9.2.2-2: Summary of EC10 and EC20 w/confidence intervals.
Endpoint
Survival
LC10
LC20
LC50
NOEC
Weight
EC10
EC20
EC50
NOEC
Length
EC10
EC20

ECx/LCx (mg a.s. /L)

95% confidence limit (mg
a.s./L; LL-UL)

0.0052a
0.0069
0.0122
5.0

0.0013 - 0.0200
0.0023 - 0.0211
0.0049 - 0.0303

0.0056
0.0071
0.0111
0.005

0.0034 - 0.0091
0.0045 - 0.0111
0.0065 - 0.0192

0.0060
0.0094

0.0045 - 0.0080
0.0070 - 0.0125

. (2016). Statistical re-analysis of benfluralin ecotoxicological studies to generate EC10 and EC20 estimates according
to Regulation (EU) No 283/2013.
., Report Number
.
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EC50
NOEC

0.0218
0.0019b

0.0141 - 0.0330

LL – lower limit, UL – upper limit
a
Lowest LC10/EC10
b
Lowest NOEC

Table B.9.2.2-2: Summary of EC10 and EC20 w/confidence intervals.
Endpoint
Survival
LC10
LC20
Weight
EC10
EC20
Length
EC10
EC20

ECx/LCx (mg/L)

95% confidence limit

0.0063
0.0080

0.0046–0.0071
0.0066–0.0090

0.0052
0.0067

NA–0.0069
0.0034–0.0082

0.0060
0.0094

0.0042–0.0071
0.0079–0.011

NA = Not Applicable

The NOEC (based on total length) is lower than any of the reported EC 10 endpoints. Thus,
the NOEC will be used as the primary endpoint the for risk assessment, as recommended in
the EFSA document 2015:EN-9242.

It is noted that no validation data of the analytical method has been submitted for this study
(see Vol B.5 (PPP), methods of analysis). It is thus questioned if the study should be
considered valid. During Pesticides Peer Review 183 it was decided that considering the
exposure regime (flow-through) and that this is a vertebrate study (and therefore another
study should be avoided), then the experts agreed that the study should be used in a tier-1
risk assessment. The study is currently – before the expert meeting – defining the lowest
RAC (Regulatory Acceptable Concentration) in the aquatic risk assessment. Which of the
chronic endpoints for fish are relevant for the risk assessment will be a subject for expert
consultation.
The relevant endpoint from this study was discussed during Pesticides Peer Review meeting
183, a summary of the discussion and the conclusions from the meeting follows below:

During Pesticides Peer Review 183 some experts pointed out that, for aquatic organisms,
when both a reliable NOEC and EC10 are available, the latter should be used in the risk
assessment (reference has been made to Pesticide Peer Review meeting 133, and to EFSA
PPR panel 2013). Prior to the meeting the suggested NOEC was 1.9 µg a.s./L (based on total
length). The EC10 for total length was 5.2 µg a.s./L based on the calculations done by the
applicant (using linear interpolation (ICPIN) with the statistical software CETIS © Tidepool
Scientific; version 1.9.1).

2

EFSA (European Food Safety Authority) (2015). Technical report on the outcome of the pesticides peer review meeting on general recurring
issues in ecotoxicology. EFSA supporting publication 2015:EN-924. 62 pp.
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It was noted that, according to the applicant estimation performed by linear interpolation,
the 95% lower limit was at zero (presented in the previous version of the RAR). Hence, the
reliability of the endpoint was questioned. However, the RMS had re-calculated the ECx
using ToxRat, getting a very similar median estimate of the EC10 based on length (5.6 µg
a.s./L) with acceptable confidence interval (presented in the Table B.9.2.2-2, above).

It was also pointed out that survival was seriously impacted at 14.8 µg a.s./L, and indeed
according to the RMS estimation, survival was delivering the lower endpoint (LC10=5.1 µg
a.s./L). It was noted that the confidence intervals around the point estimates for survival were
quite wide, and that the dose-response was rather steep. It was noted that the 95% lower limit
for the LC50 was lower than the median LC10, thus not giving enough confidence about the
protection level. It was proposed to use the 95% lower limit for the LC10 (1.3 µg a.s./L).
Overall, the meeting agreed for the use of this value in the risk assessment

Agreed endpoints:

NOEC (Oncorhynchus mykiss, 49 d) = 0.0019 mg a.s./L (based on total length)
LC10,LL (Oncorhynchus mykiss, 49 d) = 0.0013 mg a.s./L (based on mortality)

CA 9.2.2.3 Fish full life cycle test

A Fish Full Life Cycle Test (FFLCT) has not been conducted. In the EFSA Aquatic Guidance Document 3 it is
stated that : “The PPR Panel recommends that FFLC-tests may be required where the BCF is > 1 000, the
elimination during the 14-day depuration phase in the bioconcentration study is < 95 % or the substance is stable
in water or sediment (DegT90 > 100 days).” In the available BCF study (see below), a BCF > 1000 with a
depuration of 97.3 % within 14 days was observed. This study has however not been accepted by the RMS, as
several deviations from the requirements in OECD Test Guideline 305 (2012) and the relevant data point in
Regulation (EU) No 283/2013 have been identified. In addition, the evaluation of DegT90 in water and sediment
is still pending (see Environmental fate and beahaiour (CP), Vol 3.B.8.). An evaluation of this data point will thus
be finalized when all the necessary data is available.

B.9.2.2.3 Bioconcentration in fish
CA 8.2.2.3/01
Reference:

(1987) Laboratory Studies of

14

C Benefin

Accumulation in Fish
Report No.:
Guideline:
GLP:
Acceptability:
3

, Report No. ABC-0362, ABC-0365
US EPA FIFRA 165 4
Yes
Unacceptable

EFSA PPR Panel (EFSA Panel on Plant Protection Products and their Residues) (2013). Guidance on tiered risk assessment for plant
protection products for aquatic organisms in edge-of-field surface waters. EFSA Journal 2013;11(7):3290, 268 pp.
doi:10.2903/j.efsa.2013.3290.
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Previous evaluation:
Material and methods:
Test material:

In DAR (Updated version 2007)

Lot/Batch No./purity:

Batch no.: 553-JV8-282, radiochemical purity: > 99 %, diluted with unlabelled 14C
benfluralin giving the final specific activity of 2.0 µCi/mg (4440 dpm/µg).

Species:

Lepomis macrochirus , bluegill sunfish

Treatments:

Nominal: 0.005 mg a.s./L.
Mean measured: 0.004 mg a.s./L.

Controls:

Dilution water control

Replication,
length:

weight,

Uniformly ring labelled 14C benefin (14C benfluralin)

200 fish/test chamber, 1 replicate, initial weight of exposure fish: 0.52 g.
The fish loading was 0.15 g body weight/L/day (200 fish with a body weight of 0.52
g in 70 L of test solution with 10 volume-replacements per day).

Type of test:

Bioaccumulation test (28 days exposure period, 14 days depuration period) in a
flow-through system

Test conditions:

Temperature: 21.8–23.1 °C
pH: 7.4–8.0
Oxygen content: 88–116 % O2 saturation (7.7–10.2 mg/L O2)
Total hardness: 103–137 mg/L CaCO3
Alkanity: 130–150 mg/L CaCO3
Conductivity: 240–250 µs/cm
Photoperiod: 16:8 hours light-dark cycle

Analytical methods:

Radioactivity was measured by liquid scintillation counting. Benfluralin and its
metabolites were identified by TLC. Metabolites which could not be identified by
TLC analysis were subjected to additional clean-up by HPLC and submitted for
structural determination by NMR and/or mass spectroscopy.

Results:
A few mortalities were observed in both the control and the exposure tanks: 5 out of 200 during the uptake period,
and 3 during the depuration period. These mortalities were not considered as treatment-related.
Table B.9.2.2-5: Bioaccumulation potential of benfluralin in bluegill sunfish (Lepomis macrochirus) during
the 28 days uptake period.
Viscera
(non-edible part)

Whole fish

Total
Total
radioactivity radioactivity BCF
(mg eq./L)
(mg eq./kg)

Total
radioactivity
(mg eq./kg)

BCF

Total
radioactivity BCF
(mg eq./kg)

0.25

0.0024

0.593

148.2

2.490

622.5

1.396

342.3

1

0.0031

1.631

407.8

6.443

1610.8

3.540

885.0

3

0.0032

2.232

558.0

8.165

2042.2

5.005

1251.3

7

0.0043

2.590

647.5

8.889

2222.2

5.655

1413.8

14

0.0030

2.794

698.5

10.804

2701.0

6.563

1640.8

21

0.0039

2.484

621.0

11.812

2953.0

6.963

1740.8

Water
Day

Fillet
(edible part)
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28

0.0050

2.555

638.8

10.161

2540.2

6.105

1526.3

Statistical analysis of the residue data from the uptake portion of the study showed that there was no significant
difference in the residue levels for each tissue type on test days 7, 14, 21 and 28. This indicates that steady state
residue levels had been attained in each sample type within seven days after the initiation of exposure. At steady
state, residue levels were in the range of 2–3 ppm for edible tissue, 9–12 ppm for non-edible tissue and 5–7 ppm
for whole fish. The average bioconcentration factors at steady state in edible tissue, non-edible tissue and whole
fish were 651.4, 2604.1 and 1580.4 respectively. On the average, residues in non-edible tissue were 2–4 times
greater than those in edible tissue and represented 75–80 % of the whole fish residues.
Table B.9.2.2-6: Depuration of benfluralin from bluegill sunfish (Lepomis macrochirus) during 14 days
clearance period.
Day

Fillet (edible part)

Viscera (non-edible part)

Whole fish

Total
radioactivity
(mg eq./kg)

%
depuration

Total
radioactivity
(mg eq./kg)

%
depuration

Total
radioactivity
(mg eq./kg)

%
depuration

0.25

1.530

40.1

7.500

26.2

4.506

26.2

1

0.897

64.9

4.159

59.1

2.505

59.0

3

1.625

36.4

3.453

66.0

2.483

59.3

7

0.406

84.1

0.925

90.9

0.624

89.8

14

0.070

97.3

0.214

97.9

0.142

97.7

Upon the transfer of fish to water containing no benfluralin, the depuration of accumulated residues was rapid.
During the first 24 hours after transfer, 59–65 % of the accumulated 14C residues were depurated from edible and
non-edible tissue. By day 14, more than 97 % of the accumulated residues had been depurated.
Table B.9.2.2-7: Summary of estimated parameters from a computer model describing the bioaccumulation
of 14C benfluralin in bluegill sunfish (Lepomis macrochirus).
Mean parameter estimates
Parameter
Fillet

Viscera

Whole fish

Uptake rate constant (Ku) (mL/g/day)

286.7

1540.7

849.1

Depuration rate constant (Kd) (1/day)

0.43

0.60

0.54

Clearance time CT50 (days)

1.61

1.16

1.28

Bioconcentration factor (Ku/Kd)

665.0

2576.9

1563.6

Clearance time CT90 (days)

5.34

3.85

4.24

The computer model (BIOFAC) showed that the uptake and depuration processes followed first-order kinetics.
The model-derived values for the bioconcentration factors, the clearance time CT 50 and CT90 were all in close
agreement with the observed findings.
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Identification of metabolites
In order to provide additional tissue for metabolite identification purposes, a series of static exposure studies were
run. The tests were run with uniformly ring labeled 14C benfluralin (batch n°: K4Y-SV5-1) having a radiochemical
purity of 98.3 %. Prior to use, the 14C benfluralin was diluted with unlabeled benfluralin to give a final specific
activity of 1.0 µCi/mg (2220 dpm/µg). Exposure concentrations of approximately 0.050 mg a.s./L were prepared
using acetone as solvent in a concentration not exceeding 0.1 mL/L. Bluegill sunfish weighing 3-10 g were added
to the tanks. Biomass loading in these studies was in the range of 0.5–0.7 g/L. After 24 or 48 hours of exposure,
fish were removed from the tank and stored frozen pending future analysis.

No significant differences in the residue profiles of fish exposed to benfluralin under either flow-through or static
conditions were observed.
Table B.9.2.2-8: Residue levels and percent distribution of benfluralin and its identified metabolites in 21day edible and non-edible tissue.
Fillet

Viscera

Compound
ppm

% of total residue

ppm

% of total residue

Benfluralin

1.120

45.1

6.827

57.8

metabolite A

0.035

1.4

0.236

2.0

metabolite B

0.012

0.5

0.083

0.7

metabolite C

1.1

1.7

0.623
conjugate of metabolite C

2.185
24.0

metabolite D

16.8

0.3

0.5

0.082
conjugate of metabolite D

0.307
3.0

2.1

Characterization of the radioactive residues in fish showed the metabolite spectrum to be identical in edible and
non-edible tissue. All metabolic transformations involved N-dealkylation and/or oxidation of the terminal carbon
of the butyl side chain to the corresponding alcohol.
Figure B.9.2.2-4: Diagram depicting the metabolism of
macrochirus).

14

C benfluralin by Bluegill Sunfish (Lepomis
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Metabolism of 14C benefin by bluegill sunfish

Benfluralin was the primary residue in both edible and non-edible tissue. The next most abundant metabolite was
metabolite C with its conjugate amounting for 25.1 % in edible tissue and for 18.5 % in non-edible tissue. Less
than 5 % of the tissue residues were non-extractable.

Previous conclusions
The study is acceptable.
The average bioconcentration factors at steady state in edible tissue, non-edible tissue and whole fish were 651.4,
2604.1 and 1580.4 respectively according to the observed findings and 665.0, 2576.9 and 1563.6 respectively
according to the estimated values from the computer model. The clearance times CT 50 in edible tissue, non-edible
tissue and whole fish were 1.61, 1.16 and 1.28 days respectively. The clearance times CT90 in edible tissue, nonedible tissue and whole fish was 5.34, 3.85 and 4.24 days respectively. By day 14, more than 97 % of the
accumulated residues had been depurated.
Benfluralin was the primary residue in both edible and non-edible tissue. The next most abundant metabolite was
metabolite C with its conjugate amounting for 25.1 % in edible tissue and for 18.5 % in non-edible tissue.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD guideline 305 (2012).
For a test to be valid following criteria should be fulfilled:


The water temperature variation should be less than ± 2 °C.



The concentration of dissolved oxygen should not fall below 60 % saturation.
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The concentration of the test substance in the chambers should be maintained within
± 20 % of the mean of the measured values during the uptake phase.



The concentration of the test substance should be below its limit of solubility in
water, taking into account the effect that the test water may have on effective
solubility.



The mortality or other adverse effects/disease in both control and treated fish should
be less than 10 % at the end of the test; where the test is extended over several
weeks or months, death or other adverse effects in both sets of fish should be less
than 5 % per month and not exceed 30 % in all. Significant differences in average
growth between the test and the control groups of sampled fish could be an
indication of a toxic effect of the test chemical.

The study does not fulfil the validity criteria in OECD 305; i.e. the concentration of the test
substance in the chambers was not maintained within ± 20 % of the mean of the measured
value of 0.004 mg/L during the uptake phase (table B.9.2.2-9). The variability in measured
concentrations was likely a consequence of the absorptive and volatile nature of the test
material and the low concentration tested.
Table B.9.2.2-9: Radioactive residues/concentration of benfluralin in exposure water
during the uptake phase. Values in bold deviate more than 20 % from mean (0.004 mg
a.s./L).
Sampling time (Day)
Total radioactivity
dpm/5 mls
mg a.s./L
0
76
0.0034
0.25
54
0.0024
1
68
0.0031
2
88
0.0040
3
72
0.0032
4
73
0.0033
5
117
0.0053
6
58
0.0026
7
95
0.0043
8
NA
NA
9
107
0.0048
10
95
0.0043
11
102
0.0046
12
89
0.0040
13
106
0.0048
14
67
0.0030
15
100
0.0045
16
115
0.0052
17
90
0.0040
18
92
0.0041
19
88
0.0040
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20
21
22
23
24
25
26
27
28

97
86
78
74
78
102
98
90
112

0.0044
0.0039
0.0035
0.0033
0.0035
0.0046
0.0044
0.0041
0.0050

NA = not available because of no measurements were conducted
mg/L = dpm/ml ÷ 4400 dpm/µg

In addition, the study has several other deviations from the recommendations in the study
guideline:

1) The growth of the juvenile fish and the lipid content were not reported, as also
required in Regulation (EU) No 283/2013. Consequently, the BCF could not be
corrected for lipid content and growth dilution.

2) The natural particle content as well as the total organic carbon of the dilution
water was not measured. Likewise, no information is given about the feeding
regime/removal of food and faeces in the test chambers during the exposure period.
These factors could have an impact on the outcome of the test because of the high
Koc of benfluralin.

Because of all of the above-mentioned deviations, the RMS considers the study as not
sufficiently reliable. Thus, to account for these uncertainties, the RMS will propose to set a
provisional BCF of > 2000. The study is not considered acceptable.

During Pesticides Peer Review meeting 183, some experts argued that the BCF study is not
valid. Validity criteria were not met, feeding regime was not known, and lipid content was
also not known. These were considered severe shortcomings by all experts.

In addition, the structure of benfluralin is nearly identical to trifluralin and when modelled
with Episuite, both substances show a very similar potential to bioconcentrate in fatty tissue.
The experimental BCF for trifluralin was 5674 mL/g, which adds additional doubts to the
BCF determined experimentally for benfluralin.

Overall, the experts agreed that the study should be invalidated and a data gap was identified.
Nevertheless, based on the information available, the meeting noted that benfluralin is likely
to be considered bioaccumulative (and possibly very bioaccumulative).
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Considering the characteristics of benfluralin and the recommendations included in the
OECD 305, the meeting also recommended that, in addressing this data gap, information
should consider exposure via food as well.

B.9.2.3 Potential for endocrine disruption
CA 8.2.3.1/01
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2011) Benefin: The amphibian metamorphosis assay using the African Clawed
frog, Xenopus laevis
, Report No. 101097
OPPTS Number 890.1100; OECD 231
Yes
Acceptable
Submitted for the purpose of renewal
Benefin TGAI (benfluralin)

Lot/Batch No:

ACD13683

Purity:

97.5 % w/w

Species:

Xenopus laevis, african clawed frog

Test media:

Lake Huron water, limed and flocculated with ferric chloride, sand-filtered, pHadjusted with gaseous CO2, carbon-filtered, and UV-irradiated

Treatments:

Nominal concentrations: 0.004, 0.020 and 0.10 mg a.s./L corresponding to mean
measured concentrations: 0.00270, 0.0141 and 0.0744 mg a.s./L (time weighted
average).

Controls:

Dilution water control and solvent control (dimethylformamide)

Replication:

4 replicates per treatment level and control, 20 tadpoles/replicate

Type of test:

21 days flow-through

Exposure:

Each glass aquaria was 14.5 x 30 x 20 centimetres and was filled with
approximately 5.2 L of the test solution. Tadpoles were fed with Sera Micron 2x/day
according to following schedule (mg/tadpole/day): Days 0-4, 30; Days 5–7, 40;
Days 8–10, 50; Days 11–14, 70; Days 15–21, 80, with the total amount added per
tank adjusted for the number of tadpoles remaining in each tank.

Test conditions:

Temperature in test solution: 21.8–22.2 °C
Photoperiod: 12:12 h
Light intensity: 623–890 lux
pH: 6.9–7.9
Water hardness: 56–68 mg/L (as CaCO3)
Dissolved oxygen: 6.9–7.9 mg/L (approximately 80–92 % of air saturation)

Observations:

Observations for survival, abnormal behavior and other symptoms were made daily.
Observations for growth and metamorphosis measurements (wet weights, snoutvent lengths and hind limb lengths) were made on day 7 and 21. Histopathological
measurements of the thyroid gland were conducted on day 21..
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Water quality
measurements:

Temperature, dissolved oxygen (DO), and pH were measured weekly in test vessels.
Additionally, temperature was measured continuously from one replicate test vessel
in the exposure system, and the minimum and maximum temperatures from this
continuous reading thermometer were recorded daily. Hardness, alkalinity, and
conductivity were measured from the control and highest exposure level solutions
at test initiation, at weekly intervals during the exposure, and at test termination

Chemical analysis:

Analytical measurements of test concentrations were taken on day 0, 1, 3, 7, 10, 14,
17 and 21. Samples were analysed by gas chromatography with mass spectrometry
detection (GC/MS).

Data analysis:

Wet weight, snout-vent length and hind limb data was normally distributed with
homogenous variances. Treatment effects for these parameters were thus
determined using ANOVA followed by Dunnett’s test on the untransformed data.
Developmental stage was analysed with the multi-quantal Jonckheere Terpstra test.
The statistical significance of all tests was judged at the 0.05 significance level, with
the exception of the Shapiro-Wilk test, which was judged at the 0.01 significance
level.

Results:
Analytical measurements
Mean measured concentrations ranged from 25.7 to 118 % of nominal concentrations. The measured
concentrations of benfluralin are summarised in the table below.
Table B.9.2.3-1: Analytical measurements of benfluralin in the amphibian metamorphosis assay using the
African clawed frog (Xenopus laevis).
Nominal
concentrations
(µg a.s./L)

Measured concentrations µg a.s./L (Percent of Target)
Day 0

Day 1

Day 3

Day 7

Day 10

Day 14

Day 17

Day 21

Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

Solvent
control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

3.36
(84%)
19.0
(95%)
84.8
(85%)

1.05
(26%)
11.8
(59%)
68.5
(69%)

3.83
(96%)
20.6
(103%)
91.4
(91%)

3.12
(78%)
15.4
(77%)
101.0
(101%)

2.80
(70%)
15.9
(79%)
89.0
(89%)

2.20
(55%)
9.36
(48%)
53.3
(53%)

2.37
(59%)
11.1
(56%)
56.7
(57%)

2.65
(66%)
12.9
(65%)
46.0
(46%)

4
20
100

Standard
Deviation

Coefficient
of
variation

Percent
of
Nominal

NA

NA

NA

NA

NA

NA

2.70

0.841

31.1%

67.5

14.1

3.87

27.3%

70.5

74.4

20.4

20.4%

74.4

TWA

<
LOQ
<
LOQ

*TWA = Time-Weighted Average = ∑{average(Conc1, Conc2)*(sampling interval)}/study duration, where Conc1 = benfluralin concentration
at t1 (sample time point 1), and Conc2 = benfluralin concentration at t 2 (sample time point 2). Sampling interval = days between initial and last
sampling
LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Biological observations
No mortality or abnormal behaviour was observed in the control or exposed tadpoles during the 21 days study
period. There were no treatment-related histopathologic changes in the thyroid gland in any of the treatment
groups. No significant difference in average wet weights, snout-vent lengths and hind limb lengths was detected
between treatments and the pooled controls at day 7 or 21. Likewise, no significant difference in development
stage was detected between treatments and the pooled controls at day 7 or 21. Consequently, the NOEC in this
study was 74.4 μg/L for both systemic toxicity and thyroid-related effects. Results for day 7 and day 21 tadpoles
are summarised in table B.9.2.3-2 and table B.9.2.3-3.
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Table B.9.2.3-2: Summary of survival, growth and development of African clawed frog tadpoles exposed to
benfluralin for 7 days.
Mean Measured
Concentration
(µg a.s./L)

Mean Percent
Survival to Day
7 ± SD

Mean
Developmental
Stage on Day 7 ±
SD (Median)

Mean
Wet
Weight ± SD
(Median) (mg)

Mean Snout-toVent Length ±
SD
(Median)
(mm)

Mean
Normalized
Hind-Limb
Length ± SD
(Median) (mm)

Control

100 ± 0

53.6 ± 0.191

0.430 ± 0.034

16.6 ± 0.579

0.121 ± 0.003

(53.5)

(0.433)

(16.7)

(0.125)

53.6 ± 0.365

0.441 ± 0.083

17.3 ± 0.705

0.119 ± 0.004

(53.5)

(0.433)

(17.1)

(0.120)

53.6 ± 0.271

0.435 ± 0.059

16.9 ± 0.709

0.120 ± 0.003

(53.5)

(0.433)

(16.8)

(0.120)

53.5 ± 0.115

0.406 ± 0.016

16.4 ± 0.093

0.119 ± 0.003

(53.5)

(0.396)

(16.2)

(0.125)

53.6 ± 0.300

0.480 ± 0.048

17.6 ± 0.737

0.122 ± 0.006

(53.5)

(0.483)

(18.0)

(0.120)

53.5 ± 0.346

0.430 ± 0.050

16.2 ± 0.786

0.127 ± 0.006

(54.0)

(0.438)

(16.4)

(0.130)

Solvent Control

100 ± 0

Control
and
Solvent Control

100 ± 0

2.70

100 ± 0

24.1

74.4

100 ± 0

100 ± 0

SD = Standard Deviation

Table B.9.2.3-3: Summary of survival, growth and development of African clawed frog tadpoles exposed to
benfluralin for 21 days
Mean Measured
Concentration
(µg/L)

Mean Percent
Survival to Day
21 ± SD

Control

100 ± 0

Solvent Control

100 ± 0

2.70

100 ± 0

74.4
SD = Standard Deviation

Mean
Wet
Weight ± SD
(Median) (mg)

Mean Snout-toVent Length ±
SD
(Median)
(mm)

Mean
Normalized
Hind-Limb
Length ± SD
(Median) (mm)

57.4 ± 0.086

1.96 ± 0.034

28.2 ± 0.307

0.466 ± 0.023

(57.0)

(1.96)

(28.4)

(0.465)

57.5 ± 0.175

2.10 ± 0.120

29.2 ± 0.809

0.483 ± 0.025

(57.0)

(2.08)

(28.9)

(0.460)

57.5 ± 0.131

2.03 ± 0.110

28.7 ± 0.784

0.475 ±0.024

(57.0)

(2.00)

(28.6)

(0.460)

57.4 ± 0.064

2.16 ± 0.040

29.0 ± 0.344

0.452 ± 0.018

(57.0)

(2.13)

(29.2)

(0.430)

57.4 ± 0.301

2.03 ± 0.108

28.6 ± 0.824

0.478 ± 0.034

(57.0)

(2.02)

(28.5)

(0.465)

57.4 ± 0.426

2.04 ± 0.120

28.3 ± 0.390

0.477 ± 0.020

(57.0)

(2.05)

(28.4)

(0.475)

100 ± 0

Control
and
Solvent Control

24.1

Mean
Developmental
Stage on Day 21
± SD (Median)

100 ± 0

100 ± 0
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RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in OECD Guideline 231 (2009).
For a test to be determined as negative for thyroid activity the following criteria should be
fulfilled:


For any given treatment (including controls), mortality cannot exceed 10 %. For
any given replicate, mortality cannot exceed three tadpoles, otherwise the replicate
is considered compromised.



At least two treatment levels, with all four uncompromised replicates, should be
available for analysis.



At least two treatment levels without overt toxicity should be available for analysis.

The study fulfils the above-stated criteria in OECD 231 (2009). In addition, a battery of
performance criteria has been developed as guidance for determining the quality of the test:
Table B.9.2.3-4: Performance criteria in OECD Guideline 231.
Criterion
Acceptable limits
Test concentrations
Maintained at ≤ 20 % CV (variability of
measured test concentration) over the 21
day test
Mortality in controls
≤10 % - mortality in any one replicate in
the controls should not exceed 2 tadpoles
Minimum median developmental stage of 57
controls at end of test
Spread of development stage in control The 10th and the 90th percentile of the
group
development stage distribution should not
differ by more than 4 stages
Dissolved Oxygen
≥ 40 % air saturation*
pH
pH should be maintained between 6.5-8.5.
The
interreplicate/inter-treatment
differentials should not exceed 0.5.
Water temperature
22º ± 1ºC - the inter-replicate/intertreatment differentials should not exceed
0.5 ºC
Test concentrations without overt toxicity
≥2
Replicate performance
≤ 2 replicates across the test can be
compromised
Special conditions for use of a solvent
If a carrier solvent is used, both a solvent
control and clean water control should be
used and results reported
Statistically
significant
differences
between solvent control and water control
groups are treated specially. See below for
more information
*Aeration of water can be maintained through bubblers. It is recommended to set bubblers at levels
that do not create undue stress on the tadpoles.

The study fulfils all the performance criteria except one:

RMS: NO
Co-RMS: NL

- 80 Benfluralin
Annex B.9 (AS): Ecotoxicology

“The test concentrations should be maintained at ≤ 20 % CV (variability of measured test
concentration) over the 21 day test. “
In the study, the coefficient of variation (CV) of the measured concentration for all the
replicate tanks that ranged from 24.3 to 35.6 %. Except from this deviation, the study appears
to be of high quality and sufficient for determining whether benfluralin exhibits thyroid
activity in African clawed frog. There were no incidences of mortality, no indications of
abnormal behavior, no signs of advanced, delayed or asynchronous development and no
histopathological effects on thyroid glands among tadpoles exposed to benfluralin
concentrations up to 74.4 µg a.s./L. Benfluralin can thus be considered “likely thyroid
inactive”. The study is considered acceptable.
Agreed endpoint:

NOEC (Xenopus laevis, 21 d) = 74.4 µg a.s./L

CA 8.2.3.2/02
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2011) Benefin: A fish short-term reproduction assay using the
Fathead Minnow, Pimephales promelas
, Report No. 101165
OPPTS 890.1350, OECD 229
Yes
Supplementary
Submitted for the purpose of renewal
Benefin (benfluralin)

Lot/Batch No:

ACD13683

Purity:

97.5 % w/w

Species:

Pimephales promelas, fathead minnow

Test media:

Lake Huron water, limed and flocculated with ferric chloride, sand-filtered, pHadjusted with gaseous CO2, carbon-filtered, and UV-irradiated

Treatments:

Nominal concentrations: 0.33, 3.3 and 33 µg a.s./L corresponding to mean
measured concentrations: 0.302, 3.14 and 36.5 µg a.s./L (time weighted average)

Controls:

Dilution water control and solvent control (dimethylformamide)

Replication:

4 replicates per treatment level and control, 2 male and 4 female/replicate

Type of test:

21 days flow-through

Exposure:

Each test vessel of 39 x 20 x 25 centimetres was sealed together with clear silicone
and filled with 10 L of the test solution. The fish were approximately 6 months old
at the initiation of this study and the average weight of 60 males from the stock
aquaria was 3.8 ± 0.8 g and of 120 females 1.8 ± 0.3 g. The loading rate was 0.1
grams of biomass per litre solution per day. The fish were fed thawed frozen brine
shrimp at least twice per day at a rate sufficient to promote active reproduction and
maintain body condition.
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Test conditions:

Temperature in test solution: 24.3–25.5 °C
Photoperiod: 16:8 h
Light intensity: 632–968 lux
pH: 7.5–7.8
Water hardness: 60–92 mg CaCO3/L
Dissolved oxygen: 6.6–8.3 mg O2/L (approximately 76–96 % of air saturation)

Observations:

Observations were made daily and any mortality or external abnormalities were
noted. For each vessel, the number of eggs laid and the number of the eggs that were
found to be infertile were enumerated and recorded on a daily basis. The endpoints
in the study included fish whole body weight, length, behavior, gonado-somatic
index, fecundity, fertilization success, concentrations of circulating vitellogenin,
gross morphology and histopathology of the gonads, secondary sex characteristics,
and survival.

Water
measurements:

quality

Water temperature was continuously monitored from one test vessel throughout the
exposure. Temperature, dissolved oxygen (DO) and pH were measured in each test
vessel at test initiation and weekly thereafter during the assay. Hardness, alkalinity,
and conductivity from a sample of a control and the highest exposure level solution
were measured at test initiation, at weekly intervals during the exposure, and at test
termination.

Chemical analysis:

Water samples of the test solutions were removed from all replicate test vessels at
exposure days 0, 2, 4, 7, 11, 14, 18, and 21 in order to measure concentrations of
the test substance. All exposure solutions were analysed for benfluralin using gas
chromatography with negative chemical ionization mass spectrometry detection
(GC/NCI-MS).

Data analysis:

Median mortality rate values showed a monotonic dose response with increasing
concentration of benefin; therefore, the data was analyzed by Cochran-Armitage
Linear Trend test. Likewise, effects on fecundity, fertility, wet weight, gondaosomatic index and vitellogenin were consistent with a monotone dose-response.
Treatment effects for these parameters were thus determined using the JonkheereTerpstra test. The statistical significance of all tests was judged at the 0.05
significance level, with the exception of the Shapiro-Wilk test, which was judged
at the 0.01 significance level.

Results:
Analytical measurements
During the exposure, measured benfluralin concentrations in the individual test vessels ranged from 43.8 to 199
% of nominal concentrations. Average treatment concentrations on day 0 ranged from 130 to 184 % and declined
when the fish were added to the test vessels. The measured concentrations of benfluralin are summarised in the
table below.
Table B.9.2.3-5: Analytical measurements of benfluralin in a short-term reproduction assay (21 d) with
fathead minnow (Pimephales promelas).
Nominal
concentrations
(µg a.s./L)

Measured concentrations µg a.s./L (Percent of Target)
TWA
Day 0

Day 2

Day 4

Day 7

Day 11

Day 14

Day 18

Day 21

Standard
Deviation

Coefficient
of
variation

Percent
of
Nominal
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Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

Solvent
control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

<
LOQ
<
LOQ

NA

NA

NA

NA

NA

NA

0.606
0.437
0.248
0.185
0.272
0.332
0.289
0.319
0.302
0.131
43.4%
(184%) (132%) (75.1%) (55.9%) (82.5%) (100%)
(87.4%) (96.7%)
5.19
3.77
3.19
2.54
3.04
3.00
2.71
3.83
3.14
0.852
27.1%
3.3
(157%) (114%) (96.7%) (76.9%) (92.0%) (91.1%) (82.0%) (116%)
42.8
40.7
31.5
37.0
34.5
NA
NA
NA
36.5
4.57
12.5%
33**
(130%) (123%) (95.5%) (112%)
(104%)
*TWA = Time-Weighted Average = ∑{average(Conc1, Conc2)*(sampling interval)}/study duration, where Conc1 = benfluralin concentration
at t1 (sample time point 1), and Conc2 = benfluralin concentration at t 2 (sample time point 2). Sampling interval = days between initial and last
sampling
** The highest concentration was terminated after day 11
NA = Not Applicable
LOQ = Limit of Quantitation
0.33

Mortality and behavior
Overt toxicity and mortality was observed in the highest treatment group with ≥ 38 % of the fish affected.
Therefore, this group was discarded from the study on day 11 and excluded from the subsequent statistical analysis.
In the remaining groups, the following mortalities were observed throughout the exposure: one from the negative
control group, one from the solvent control, and one from the 0.302 µg/L treatment group. No significant
differences were detected in mortality between the pooled controls and the treatment groups. Minimal signs of
abnormal behavior were observed when the highest treatment group was discarded, and the few incidents were not
considered treatment-related. Consequently, the NOEC was set to 3.14 μg/L for both mortality and behavior.
Survival rates are summarised in the table below.

Table B.9.2.3-6: Survival of fathead minnow (Pimephales promelas) exposed to benfluralin in a short-term
reproduction assay (21 d). Values given as mean.
Concentration
[µg
(time-weighted average)

a.s./L]

Control

Solvent
Control

Pooled
Controls

0. 302

3.14

Male survival [%]

100

100

100

100

100

Female survival [%]

93.7

93.7

93.7

93.7

100

Combined (male& female) survival
[%]

95.8

95.8

95.8

95.8

100

Fecundity and fertility
Fecundity measurements seven days prior to test initiation ranged from 0.5–77.3 eggs/female/reproductive day
with an average fecundity ± standard deviation of 31.9 ± 20.2 eggs/female/reproductive day (N=28). These
measurements were based on all replicate vessels which exhibited no fish mortality or sublethal effects during the
pre-exposure period, including the vessels from the highest treatment level. During the exposure phase of the
study, fecundity ranged from 0.0 to 49.0 eggs/female/reproductive day across all test groups (N=16), while fertility
ranged from 0 to 99.7 % (N=16). One replicate from the 0.302 µg/L treatment group produced 0 eggs per female,
corresponding to 0 % fertility. For the control groups (negative and solvent), fecundity ranged from 11.0 to 49.0
eggs/female/reproductive day, while fertility ranged from 98.2 to 99.5 %. No significant differences were detected
in fecundity and fertility between the pooled controls and the treatment groups. Consequently, the NOEC was set
to 3.14 μg/L for both fecundity and fertility. The results for fecundity and fertility are summarised in table the table
below.

91.6%
95.2%
111%
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Table B.9.2.3-7: Fecundity and fertility of fathead minnow (Pimephales promelas) exposed to benfluralin in
a short-term reproduction assay (21 d). Mean ± Standard Deviation (median).
Concentration
[µg
(time-weighted average)

a.s./L]

Control

Solvent
Control

Pooled
Controls

0.302

3.14

Fertilization success [% fertilized
eggs]

99.2 ±0.13
(99.2)

99.1 ± 0.58
(99.3)

99.1 ± 0.39
(99.2)

74.1 ± 49.40
(98.7)

98.7 ± 0.83
(98.7)

Fecundity
[number
eggs/female/day]

30.7 ± 15.52
(30.3)

18.8 ± 8.90
(18.6)

24.7 ± 13.33
(25.0)

21.7 ± 17.67
(22.8)

24.2 ± 8.39
(22.0)

of

Length and weight
There was no statistically significant difference in length or weight among pooled control and the exposed male
and female fathead minnows after 21 days exposure. Consequently, the NOEC was set to 3.14 μg/L for both length
and weight. The results for weight and length are summarised in the table below.
Table B.9.2.3-8: short-term reproduction assay (21 d). Mean ± Standard Deviation (median).
Concentration
[µg
(time-weighted average)

a.s./L]

Male length on day 21 [mm]
Female length on day 21 [mm]
Male weight on day 21 [g]
Female weight on day 21 [g]

Control

Solvent
Control

Pooled
Controls

0.302

3.14

57.6 ± 3.35
(57.7)
44.4 ± 1.49
(44.4)
4.73 ± 0.742
(4.86)
1.91 ± 0.200
(1.84)

53.5 ± 1.07
(53.7)
44.4 ± 2.01
(45.1)
4.03 ± 0.386
(4.21)
1.96 ± 0.208
(2.05)

55.6 ± 3.18
(54.3)
44.4 ± 1.64
(45.1)
4.38 ± 0.663
(4.26)
1.94 ± 0.191
(1.93)

55.2 ± 1.32
(55.1)
43.9 ± 0.76
(43.9)
4.26 ± 0.269
(4.31)
1.82 ± 0.119
(1.88)

56.1 ± 1.53
(56.2)
43.7 ± 1.66
(43.4)
4.64 ± 0.405
(4.59)
1.89 ± 0.182
(1.83)

Gonado-somatic index (GSI)
Although the median GSI values for male fish exhibited a monotonic dose response with increasing benfluralin
concentrations, no treatment-related effects were detected in neither male nor female fish when compared with the
pooled controls. The incidences of grade 4 oocyte atresia (9 or more atretic oocytes in a section) were slightly
higher in the solvent control group and the 0.302 µg a.s./L-group compared to the water control and the 3.14 µg
a.s./L treatment. The reason for these higher incidences is not clear, but it was not considered to be related to
treatment and was not associated with any reduction in fecundity or fertility. The NOEC for GSI was thus estimated
to be 3.14 μg/L. The results for gonado-somatic index are summarised in the table below.
Table B.9.2.3-9: Gonado-somatic index of fathead minnow (Pimephales promelas) exposed to benfluralin in
a short-term reproduction assay (21 d). Mean ± Standard Deviation (median).
Concentration
[µg
(time-weighted average)
Male GSI [%]
Female GSI [%]

a.s./L]

Control

Solvent
Control

Pooled
Controls

0.302

3.14

1.15 ±0.141
(1.14)
14.1 ± 1.93
(13.6)

1.20 ± 0.134
(1.21)
13.1 ± 0.622
(10.7)

1.18 ± 0.130
(1.17)
13.6 ± 1.44
(11.1)

1.44 ± 0.427
(1.41)
12.8 ± 2.41
(12.3)

1.46 ± 0.125
(1.45)
14.3 ± 1.39
(14.0)

Secondary sex characteristics (tubercle score)
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At test termination, no treatment related effects on secondary sex characteristics (presence or absence of dark
coloration, vertical banding, fatpad and ovipositor) were noted. Likewise, no tubercles were observed among
female fathead minnows and no significant differences were detected in tubercle score among males between the
pooled controls and the treatment groups. Consequently, the NOEC was set to 3.14 μg/L for tubercle score. The
results for tubercle score are summarised in the table below.
Table B.9.2.3-10: Male tubercle score of fathead minnow (Pimephales promelas) exposed to benfluralin in a
short-term reproduction assay (21 d). Mean ± Standard Deviation (median).
Concentration
[µg
(time-weighted average)

a.s./L]

Male tubercle score

Control

Solvent
Control

Pooled
Controls)

0.302

3.14

28.4 ± 4.27
(30.3)

26.1 ± 4.48
(26.3)

29.3 ± 7.75
(29.3)

25.6 ± 2.10
(25.3)

28.9 ± 4.80
(29.5)

Vitellogenin
No significant treatment related effects on male and female vitellogenin (VTG) levels were detected between the
pooled controls and the treatment groups. Consequently, the NOEC was set to 3.14 μg/L for VTG. The results for
VTG are summarised in the table below.

Table B.9.2.3-11: Vitellogenin (VTG) of fathead minnow (Pimephales promelas) exposed to benfluralin in a
short-term reproduction assay (21 d). Mean ± Standard Deviation (median).
Concentration
[µg
(time-weighted average)

a.s./L]

Male VTG concentration [ng/mL]

Female VTG concentration [ng/mL]

RMS
comment:

study

Control
8.49 x 10-4 ±
2.34 x 10-4
(8.40 x 10-4)
106.53
±
37.97
(58.52)

Solvent
Control

Pooled
Controls

0.302

3.14

1.45 x 10-3 ±
1.20 x 10-3
(1.53 x 10-3)

1.15 x 10-3 ±
8.61 x 10-4
(9.77 x 10-4)

5.95 x 10-4 ±
2.88 x 10-4
(6.42 x 10-4)

6.39 x 10-4 ±
2.53 x 10-4
(6.41 x 10-4)

96.35 ± 14.50
(87.02)

101.44
27.16
(82.05)

82.67 ± 33.24
(68.89)

106.12
43.38
(88.75)

±

±

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 229 (2012).
For a test to be valid following criteria should be fulfilled:



The mortality in the water (or solvent) controls should not exceed 10 per cent at the
end of the exposure period.



The dissolved oxygen concentration should be at least 60 per cent of the air
saturation value (ASV) throughout the exposure period.



The water temperature should not differ by more than ± 1.5 °C between test vessels
at any one time during the exposure period and be maintained within a range of 2
°C within the temperature ranges specified for the test species (Annex 2).
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Evidence should be available to demonstrate that the concentrations of the test
substance in solution have been satisfactorily maintained within 20 % of the mean
measured values.



Evidence that fish are actively spawning in all replicates prior to initiating chemical
exposure and in control replicates during the test.

The study does not fulfil the validity criteria in OECD 229 (2012); i.e. the concentrations of
the test substance in the test solutions exceeded the recommended range of 20 % of the mean
measured values. Furthermore, the study was conducted with a high spacing factor of 10,
which is the highest allowed dose spacing according to the guideline. The highest
concentration of 33 µg a.s./L (nominal) was discarded after 11 days because of a high
incidence of mortality and overt toxicity in this treatment group (≥ 38 %). After day 11, only
the two remaining concentrations were tested opposed to the recommended three test
concentrations in the guideline. In addition, the remaining maximum dose of 3.3 µg a.s./L is
likely to be low compared to the maximum tolerated concentration (MTC) or the solubility
in water, referred to in the guideline as the preferred highest concentrations in this type of
study. In addition, this concentration is lower than the lowest LOEC obtained from the
available chronic fish studies. The question is if the maximum remaining dose was
sufficiently high to manifest the investigated effects. Although it is known that endocrine
disrupting chemicals might exhibit effects at low doses, the RMS finds this test insufficient
to address the potential endocrine disrupting properties of benfluralin. The study will thus
only serve as supplementary information.

During Pesticieds Peer Review meeting 183, the suitability of the study to address the
potential endocrine disrupting properties of benfluarlin was discussed:

The RMS is of the opinion that the study is not sufficient for excluding ED properties of
benfluralin. It was highlighted that some experts believed that the study could have been
used (reference was made to a flow chart from Ankley and Jensen, 2014). According to them,
repeating the study would not clarify the issue.

It was highlighted that some positive in-vitro evidence for anti-androgen and anti-estrogenic
effects have been observed. This, together with some drawbacks highlighted by the RMS for
the FSTRA study (

2011), avoid concluding on potential ED effects.

It was pointed out that reproductive effects had not been reported at the highest tested dose
as high mortality was recorded (consistent with that observed in the ELS studies) thus this
level was discarded for further analysis. For this reason, it was pointed out that, in terms of
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risk assessment, effects observed in FSTRA are covered by the endpoint already selected
under point 5.9.

It was noted that a solvent (DMF) was used in the FSTRA study. This procedure is
discouraged by the guideline, as this solvent might interfere with the endocrine parameters.
This was somehow in line with differences observed for some measured parameters (e.g.
fecundity, VTG male concentration) between the water and the solvent control.
The main concern is related to the selection of the tested concentrations. Among the three
concentrations, the highest yielded high mortality (38%), while no effects (including
reproduction) were seen at the two lowest concentrations.

According to the guideline, the maximum tested dose should cause maximum of 10%
mortality, while the spacing factor between tested concentrations should be between 3.2 and
10 (10 was used in the present study). The concern is that effects on reproduction could have
been recorded in the concentration range between the highest and the middle (3.3-33 µg
a.s./L). It was however noted that the LC10 from the ELS was around 5 µg a.s./L, hence if
this was used as maximum concentration in a new study, the middle one (separated by the
minimum factor of 3.2) would be lower than the one used in the study under discussion;
hence effects on reproduction would not be anticipated for the middle and the lowest doses.
It was however noted that the ELS test and the FSTRA test were carried out on different
species (rainbow trout vs. fathead minnow), different life stages and had different duration
(and it was noted that mortality increased with time in the ELS), hence the comparison
between the two studies is not straightforward.
Some experts pointed out as well that any delayed effects on reproductions are not covered
by the FSTRA test.

Overall, the study was considered valid, with no indication of ED effects. However, the
experts agreed that overall at the current stage, no firm conclusion can be achieved on the
basis of the available data, which present some uncertainty and some knowledge gaps. It was
also pointed out that, in the tox section, the available information was not sufficient for
excluding ED properties.

B.9.2.4 Acute toxicity to aquatic invertebrates
CA 9.2.4.1 Acute toxicity to Daphnia magna
CA 8.2.4.1/01
Reference:
Report No.:

Hertl J. and Breitwieser H. (2003c) Acute Toxicity of Benfluralin Technical to
Daphnia magna in a 48-Hour Immobilization Test.
IBACON, Report No. 13066220
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Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

OECD Guideline 202, Part I (1984) : Daphnia sp., Acute Immobilisation Test and
92/69/EEC, C.2 (1992).
Yes
Unacceptable
In DAR (Updated version 2007)
Benfluralin technical

Lot/Batch No.:

650/01

Purity:

96.7 %

Species:

Daphnia magna

Treatments:

Nominal: 100 mg a.s./L
The test medium contained 94 % suspended particles and 3 % was dissolved.

Controls:

Dilution water control and solvent control (methylcellulose)

Replication, age:

10 daphnids/test vessel, 2 replicates/treatment, 6–21 hours old

Type of test:

48 hours static

Test conditions:

Temperature: 21–22 °C
pH: 7.9–8.0
Oxygen content: 91–96 % O2 saturation (8.1–8.5 mg/L O2)
Total hardness: 250.0 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle (480 lux)

Analytical methods:
HPLC with UV-VIS detection
Results:
Mortality
After 48 hours of exposure no immobilisation was observed in the control, solvent control or at the treatment level
of 100 mg a.s./L.
Previous conclusions
The study is acceptable.
Endpoints:
EC50 (Daphnia magna, 48 h) > 100 mg a.s./L
NOEC (Daphnia magna, 48 h) = 100 mg a.s./L
RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD TG 202 (2004).
For the test to be valid, the following validity criteria should be met:


In the control, including the control containing the solubilising agent, not more that
10 percent of the daphnids should have been immobilised.



The dissolved oxygen concentration at the end of the test should be ≥ 3 mg/l in
control and test vessels.
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The study fulfils the validity criteria in OECD 202 (2004). However, some issues with the
dissolution of the test item were reported. The treatment beakers were dosed with
concentrations corresponding to approximately 1540 times the water solubility of
benfluralin. This was manifested by a coloration of the test solution and observations of
undissolved test material on the bottom of the beakers after 24 and 48 hours. In an additional
non-GLP experiment referred to in the study report, the difference between the suspended
and dissolved test concentration was determined. In the stock solution of 100 mg/L, the test
item could be suspended (recovery rate 94 % mean value), but only 3 % of the nominal
concentration was dissolved. As the test solution contained a large proportion of undissolved
benfluralin, the reported endpoints will most likely be an overestimation of the bioavailable
concentrations and an underestimation of the toxicity of benfluralin. In addition, the RMS
questions the use of methylcellulose as a solvent, as this is not one of the recommended
solvents in the test guideline. The study is not considered acceptable.

CA 8.2.4.1/02
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Marino T.A., McClymont E.L., Hales C.A. and Yaroch A.M. (2001c) Trifluralin
Metabolite TR-6: An Acute Toxicity Study with the Daphnid, Daphnia magna
Straus.
Toxicology & Environmental Research and Consulting, Report No. 011093
OECD Guideline 202, Part I (1984): Daphnia sp., Acute Immobilisation Test,
92/69/EEC, C.2 (1992) and US EPA FIFRA 72 1.
Yes
Acceptable
In DAR (Updated version 2007)
Trifluralin metabolite TR-6

Lot/Batch No.:

GHD-6140-36A

Purity:

99 %

Species:

Daphnia magna

Treatments:

Nominal: 0.778, 1.30, 2.16, 3.60, 6.00, 10.0 mg trifluralin metabolite TR-6/L.
Mean measured: 0.755, 1.26, 2.04, 3.51, 5.52, 8.07 mg trifluralin metabolite TR6/L mean measured concentrations ranging from 81–98 % of the nominal
concentrations

Controls:

Dilution water control and solvent control (dimethylformamide)

Replication, age:

10 daphnids/test vessel, 2 replicates/treatment, less than 24 hours old instars

Type of test:

48 hours static

Test conditions:

Temperature: 19.8–20.7 °C
pH: 7.5–7.8
Oxygen content: 78–99 % O2 saturation (7.2–9.1 mg/L O2)
Total hardness: 168 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle (1920–2120 lux)

Analytical methods:

HPLC with UV detection
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Results:
Mortality
No immobilisation was observed in the negative control, the solvent control and the treatment level of 0.755 mg/L.
Immobilisation of 10 %, 10 %, 50 %, 75 % and 95 % was observed for the treatment levels of 1.26, 2.04, 3.51,
5.52, 8.07 mg/L respectively.

Previous conclusions
The study is acceptable.
Endpoints:
EC50 (Daphnia magna, 48 h) = 3.52 mg trifluralin metabolite TR-6/L
NOEC (Daphnia magna, 48 h) = 0.755 mg trifluralin metabolite TR-6/L
The results are based on mean measured concentrations.

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD TG 202 (2004).
For the test to be valid, the following validity criteria should be met:


In the control, including the control containing the solubilising agent, not more that
10 percent of the daphnids should have been immobilised.



The dissolved oxygen concentration at the end of the test should be ≥ 3 mg/l in
control and test vessels.

The study fulfils the validity criteria in OECD 202 (2004) and is still considered acceptable.
Agreed endpoints:

EC50 (Daphnia magna, 48 h) = 3.52 mg TR-6/L
NOEC (Daphnia magna, 48 h) = 0.755 mg TR-6/L

CA 8.2.4.1/03
Reference:

Company Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Marino T.A., McClymont E.L., Hales C.A. and Yaroch A.M. (2001d) Trifluralin
Metabolite TR-15: An Acute Toxicity Study with the Daphnid, Daphnia magna
Straus
Toxicology & Environmental Research and Consulting, Report No. 011105
OECD Guideline 202, Part I (1984): Daphnia sp., Acute Immobilisation Test,
92/69/EEC, C.2 (1992) and US EPA FIFRA 72 1.
Yes
Acceptable
In DAR (Updated version 2007)
Trifluralin metabolite TR-15

Lot/Batch No.:

GHD-6140-43C

Purity:

99 %

Species:

Daphnia magna
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Treatments:

Nominal: 1.56, 2.59, 4.32, 7.20, 12.0, 20.0 mg trifluralin metabolite TR-15/L. Mean
measured: 1.56, 2.73, 4.56, 7.65, 12.6, 19.3 mg trifluralin metabolite TR-15/L.
Mean measured concentrations ranging from 97–106 % of the nominal
concentrations.

Controls:
Dilution water control and solvent control (dimethyl formamide)
Replication, age:
10 daphnids/test vessel, 2 replicates/treatment, less than 24 hours old instars
Type of test:
48 hours static test
Test condition :
Temperature: 19.8–20.5 °C
pH: 7.5–7.7
Oxygen content: 92–100 % O2 saturation (8.5–9.2 mg/L O2)
Total hardness: 180 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle (1952 – 1985 lux)
Analytical methods:
HPLC with UV detection
Results:
Mortality
After 48 hours of exposure no immobilisation was observed in the negative control and 5 % immobilisation
occurred in the solvent control. No immobilised daphnids were observed in the treatment levels of 1.56 and 2.73
mg/L. Immobilisation of 5 %, 15 %, 95 % and 100 % occurred at the treatment levels of 4.56, 7.65, 12.6 and 19.3
mg/L respectively.

Previous conclusions
The study is acceptable.
Endpoints:
EC50 (Daphnia magna, 48 h) = 9.36 mg trifluralin metabolite TR-15/L
NOEC (Daphnia magna, 48 h) = 2.73 mg trifluralin metabolite TR-15/L
The results are based on mean measured concentrations.

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD TG 202 (2004).
For the test to be valid, the following validity criteria should be met:


In the control, including the control containing the solubilising agent, not more that
10 percent of the daphnids should have been immobilised.



The dissolved oxygen concentration at the end of the test should be ≥ 3 mg/l in
control and test vessels.

The study fulfils the validity criteria in OECD 202 (2004) and is still considered acceptable.
Agreed endpoints:

EC50 (Daphnia magna, 48 h) = 9.36 mg TR-15/L
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NOEC (Daphnia magna, 48 h) = 2.73 mg TR-15/L

CA 8.2.4.1/04
Reference:
Report No:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Urann K. (2014b) Benfluralin TGAI: Acute toxicity to water fleas, (Daphnia
magna) under flow-through conditions, OCSPP Guideline 850.1010
Smithers Viscient Report No. 14050.6154
OCSPP Guideline 850.1010
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

Species:

Daphnia magna

Test media:
Fortified well water
Treatments:

Nominal concentrations: 0.0031, 0.0063, 0.013, 0.025 and 0.050 mg a.s./L
corresponding to mean measured concentrations: 0.0014, 0.0037, 0.0079, 0.020 and
0.034 mg a.s./L. Mean measured concentrations ranged from 45 to 80 % of nominal
concentrations.

Controls:

Dilution water control

Replication, age:

2 replicates per treatment level and control, 10 daphnids/replicate, < 24 hours old at
test initiation.

Duration:

48 hours flow-through

Exposure:

The exposure vessels were 1.6 L square, clear glass battery jars with total test
solution of 1.4 L. The daphnids were < 24 hours old at exposure initiation.
Benfluralin was dosed with a saturator column made of glass and Teflon packed
with glass wool. The column with wool was covered evenly with a benfluralin in
acetone solution and a vacuum pump was used to evaporate all the acetone. The
column was designed to provide a constant flow of saturated aqueous solution
without the use of a carrier solvent.

Test conditions:

Temperature in test solution: 20–21 °C
Photoperiod: 16:8 h
Light intensity: 33–450 lux
pH: 8.3
Water hardness: 160 mg/L as CaCO3
Dissolved oxygen: 7.5–8.6 mg/L

Observations:

The number of immobilized daphnids observed in each replicate vessel was
recorded at test initiation, 24 and 48 hours of exposure. Biological observations
(e.g., abnormal behavior or appearance of the test organisms) and observations of
the physical characteristics of the test solution were also noted at 0, 24 and 48 hours
of exposure.

Water quality
measurements:

The pH, dissolved oxygen concentration and temperature were measured once daily
in both replicate vessels of each treatment level and control throughout the exposure
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period. Temperature was monitored continuously throughout the definitive
exposure in replicate B of the 0.0063 mg/L nominal treatment level.
Analytical methods:

One water sample from each treatment level and each control solution was collected
and analysed for benfluralin at exposure initiation and at termination. All exposure
solutions were analysed for benfuralin using liquid-liquid extraction followed by
gas chromatography with electron capture detection
(GC/ECD).

Data analysis:

No concentration resulted in ≥ 50 % immobility. The EC50 were empirically
estimated to be greater than the highest mean measured concentration tested. NOEC
was defined as the highest concentration tested at and below which there was no
toxicant-related mortality or other adverse effects compared with the control
organisms.

Results:
Analytical measurements
Mean measured concentrations ranged from 45 to 80 % of nominal concentrations and were generally consistent
between sampling intervals. The measured concentrations at each sampling point are summarised in the table
below.
Table B.9.2.4-1: Analytical measurements of benfluralin in an acute toxicity test with Dapnia magna.
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)
0 Hour

48 Hour

Mean (SD)

Control

< LOQ

< LOQ

NA

0.0031

0.0015

0.0013

0.0063

0.0041

0.0034

0.013

0.0096

0.0063

0.025

0.023

0.017

0.050

0.036

0.032

Percent of Nominal

0.0014
(0.000092)
0.0037
(0.00049)
0.0079
(0.0024)
0.020
(0.0042)
0.034
(0.0027)

NA
45
59
61
80
69

LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Immobilization
Following 48 hours of exposure, no immobilization or other adverse effects were observed among daphnids
exposed to the control water or any of the treatments levels tested. Since no concentration resulted in ≥ 50 %
immobilization, the 48-hour EC50 was empirically estimated to be > 0.034 mg a.s./L, the highest mean measured
concentration tested.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 202 (2004).
For the test to be valid, the following validity criteria should be met:

RMS: NO
Co-RMS: NL

- 93 Benfluralin
Annex B.9 (AS): Ecotoxicology



In the control, including the control containing the solubilising agent, not more that
10 percent of the daphnids should have been immobilised.



The dissolved oxygen concentration at the end of the test should be ≥ 3 mg/l in
control and test vessels.

The study fulfils the validity criteria in OECD Guideline 202 (2004). No immobilization or
other adverse effects were observed among daphnia exposed to concentrations up to
approximately 50 % of the limit of solubility of benfluralin. The study is considered
acceptable.
Agreed endpoints:

EC50 (Daphnia magna, 48 h) > 0.034 mg a.s./L
NOEC (Daphnia magna, 48 h) = 0.034 mg a.s./L

CA 9.2.4.2. Acute toxicity to an additional aquatic invertebrate species
CA 8.2.4.2/01
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Sousa J.V. (1990b) (Benefin) – Acute Toxicity to Mysid Shrimp (Mysidopsis
bahia) under Flow-Through Conditions
Springborn Laboratories, Inc., Report No. 90-06-3343
US EPA FIFRA 72-3
Yes
Acceptable
In DAR (Updated version 2007)
Benefin (benfluralin)

Lot/Batch No.:

231EF4

Purity:

96.6 %

Species:

Mysidopsis bahia, mysid shrimp

Treatments:

Nominal: 19, 32, 54, 90, 150 µg a.s./L.
Mean measured: 10, 16, 25, 45, 66 µg a.s./L.
Mean measured concentrations ranging from 44–53 % of the nominal
concentrations.

Controls:

Dilution water control and solvent control (acetone)

Replication, age:

10 shrimps/test vessel, 2 replicates/treatment, less than 24 hours old

Type of test:

96 hours flow-through

Test conditions:

Temperature: 25–26 °C
pH: 7.9–8.1
Oxygen content: > 60 % O2 saturation (6.2–7.2 mg/L O2)
Salinity: 31–33 ‰
Photoperiod: 16:8 hours light-dark cycle (2–4 µE/m²/s)

Analytical methods:

Gas chromatography with electron capture detection
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Results:
Mortality
No mortalities were observed in the control, solvent control and at the treatment levels of 10 and 16 µg a.s./L. The
mortalities at the treatment levels of 25, 45 and 66 µg a.s./L were 15 %, 70 % and 70 % respectively.

Behavioural observations
All mysids in one of the replicates in the solvent control had darkened pigmentation and lethargic behaviour during
the test, but the effects were absent at 96 hours of exposure. All surviving mysids in the 25, 45 and 66 µg a.s./L
treatment levels exhibited lethargic behaviour.

Previous conclusions
The study is acceptable.
Endpoints:
LC50 (Mysidopsis bahia, 96 h) = 0.043 mg a.s./L
NOEC (Mysidopsis bahia, 96 h) = 0.016 mg a.s./L
The results are based on mean measured concentrations.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS. According to the US EPA Guideline OCSPP 850.1035 the following
criterion should be fulfilled for a test to be valid:


The test is unacceptable if more than 10 percent of the control organisms die or
exhibit abnormal behaviour during the 96–h test period.

The study does not fulfil the validity criterion in OCSPP 850.1035. In one of the replicates
in the solvent control, all of the mysids exhibited darkened pigmentation the first 48 hours
and were lethargic at the 72 hours sampling time point, but the effects were absent after 96
hours exposure. The reason behind these effects is unclear as it is not possible to point out
any irregular conditions in this replicate by examining the raw data. However, as no effects
were observed in the other replicate in the solvent control and no effects were observed in
the 0.010 and 0.016 mg/L exposure groups, this is unlikely to be a toxic effect of the solvent.
In addition, the solvent control contained 0.074 mL acetone/L, which is below the maximum
recommended concentration of 0.1 mL/L. It might be argued that this deviation invalidates
this study, but the RMS is of the opinion that this does not undermine the observed mortal
effects.
Further, it should be noted that the salinity of 31–33 ‰ was considerably higher than the
recommended salinity in the test guideline (20 ± 3 ‰). This is considered to have no impact
on the test results, as this species is known to tolerate a wide range of salinity levels and the
animals were cultured under these conditions. Likewise, the 16:8 hours light-dark cycle
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deviates from the recommended 14:10 hours light-dark in the guideline. Except from these
deviations the study seems to have been well performed and sufficient to evaluate the lethal
effects of benfluralin on Mysidopsis bahia. The study is considered acceptable.
Agreed endpoints:

LC50 (Mysidopsis bahia, 96 h) = 0.043 mg a.s./L
NOEC (Mysidopsis bahia, 96 h) = 0.016 mg a.s./L

CA 8.2.4.2/02
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Dionne E. (1990) (Benefin) – Acute Toxicity to Eastern Oysters (Crassostrea
virginica) under Flow-Through Conditions.
Springborn Laboratories, Inc., Report No. 90-07-3355
US EPA FIFRA 72-3
Yes
Supplementary
In DAR (Updated version 2007)
Benefin (benfluralin)

Lot/Batch No.:

231EF4

Purity:

96.6 %

Species:

Eastern oyster (Crassostrea virginica)

Treatments:

Nominal: 50, 100, 200, 400, 800 µg a.s./L.
Mean measured: 44, 59, 100, 120, 260 µg a.s./L.
Mean measured concentrations ranging from 30–88 % of the nominal
concentrations.

Controls:

Dilution water control and solvent control (acetone)

Replication, age:

20 oysters/test aquarium, 2 replicates/treatment, the oysters were of similar age and
reproductively immature. Mean valve height ± standard deviation was 37 ± 5 mm
at test initiation.

Type of test:

96 hours flow-through

Test conditions:

Temperature: 19–20 °C
pH: 7.8–8.0
Oxygen content: > 60 % O2 saturation (5.8–7.5 mg/L O2)
Salinity: 30–32 ‰
Photoperiod: 16:8 hours light-dark cycle

Analytical methods:

Gas chromatography with electron capture detection

Results:
Mortality
No mortality was observed in the negative control and 2.5 % mortality occurred in the solvent control. Mortality
at the treatment levels of 44, 59, 100, 120 and 260 µg a.s./L was 0 %, 0 %, 5 %, 2.5 % and 0 % respectively.

Behavioural observations
Oysters exposed to 100, 120 and 260 µg a.s./L exhibited reduced feeding and fecal production.
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Shell growth
The data from the control and the solvent control were pooled. Following 96 hours of exposure, shell growth was
significantly reduced by 25 %, 56 %, 69 % and 75 % in the four highest concentrations tested (59, 100, 120, 260
µg a.s./L, respectively).

Previous conclusions
The study is acceptable.
Endpoints:
EC50 (Crassostrea virginica, 96 h) = 0.100 mg a.s./L
NOEC (Crassostrea virginica, 96 h) = 0.044 mg a.s./L (based on shell growth)
The results are based on mean measured concentrations.
RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by RMS. According to the US EPA Guideline OPPTS 850.1025 following validity
criteria should be met:


The mortality in the controls should not exceed 10 percent at the end of the test.



The dissolved oxygen concentration should be at least 60 percent of air saturation
throughout the test.



If evidence of spawning is observed, the test should be repeated.



There should be evidence that the concentration of the substance being tested has
been satisfactorily maintained over the test period.



Dissolved oxygen, temperature, salinity and pH measurements should be made at
the beginning and end of the test in each chamber.



A minimum of 2 mm of new shell growth should be observed in control oyster
(solvent and dilution water).

The study does not fulfil the validity criteria in OPPTS 850.1025; i.e. a minimum of 2 mm
of new shell growth should be observed in control oyster (solvent and dilution water). In this
study, a mean shell deposition of only 1.4 and 1.7 mm was observed in the solvent control
and control, respectively. It still was possible to detect a monotonous dose-response on shell
deposition between the treatments and the pooled controls. There were also some variability
in the measurements of benfluralin in the replicate treatment aquaria and between the two
time points:
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Table B.9.2.4-2: Analytical measurements of benfluralin in a 96-hour exposure of
eastern oysters (Crassostrea virginica).
Measured Concentration (µg a.s./L)
Nominal
Concentration
(µg a.s./L)

0 Hour

96 Hour

Mean
(SD)

CV
(%)

Replicate
A

Replicate
B

Replicate
A

Replicate
B

Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

Solvent Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

50

14

14

81

65

44 (35)

78

100

22

22

110

170

59 (45)

76

200

69

59

82

220

100 (52)

52

400

110

78

82

220

120 (68)

57

800

230

270

250

270

260 (20)

8

LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable
CV = Coefficient of Variation

Given that the study does not fulfil the validity criteria, the study will only serve as
supplementary information.

B.9.2.4 Long term and chronic toxicity to aquatic invertebrates
CA 9.2.5.1 Reproductive and development toxicity to Daphnia magna

CA 8.2.5.1/01
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Mohr R.R., Cocke P.J. and Koenig G.R. (1990). The Chronic Toxicity of Benefin
to Daphnia magna in a Flow-Through Life-Cycle Test.
Lilly Research Laboratories, Report No. C01090
US EPA FIFRA 72-4, OECD Guideline 202, Part 2: Reproduction Test
Yes
Supplementary
In DAR (Updated version 2007)
Benefin (benfluralin)

Lot/Batch No.:

231EF4

Purity:

95.88 %

Species:

Daphnia magna

Treatments:

Nominal: 18.5, 25, 50, 100, 200 µg a.s./L.
Mean measured: 9.6, 15.5, 30.8, 64.9, 135.7 µg a.s./L.
Mean measured concentrations ranging from 52–68 % of the nominal
concentrations.
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Controls:

Dilution water control and solvent control (acetone)

Replication, age:

5 daphnids/test vessel, 4 replicates/treatment, less than 24 hours old instars

Type of test:

21 days flow-through

Test conditions:

Temperature: 18.5–20.0 °C
pH: 7.9–8.8
Oxygen content: 85–101 % O2 saturation (7.9 – 9.4 mg/L O2)
Total hardness: 103–120 mg/L CaCO3
Photoperiod: 16:8 hours light-dark cycle

Analytical methods:

Gas chromatography with electron capture detection

Results:
Table B.9.2.5-1: Effects of benfluralin observed during the reproduction study of Daphnia magna.
Mean measured test concentration (µg a.s./L)

Biological response
control

solvent
control

9.6

15.5

30.8

64.9

135.7

% survival of adults at test
termination

70*

100

95

90

100

95

100

Total number of neonates per
female

68.6

80.2

80.9

79.7

67.8*

67.8*

48.6*

Body length (mm)

3.9

4.0

4.0

4.0

3.9

3.9

3.8*

* statistically significantly different compared to the solvent control

The mean survival frequency of 70 % in the water control was significantly lower than survival in the solvent
control. Due to this significant difference in survival between the water control and the solvent control, and because
all treatments contained acetone as a carrier solvent, the solvent control was used in all statistical comparisons.

Previous conclusions
The study is acceptable.
Endpoints:
NOEC (Daphnia magna, 21 d) = 0.0155 mg a.s./L
Th results are based on mean measured concentrations.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD Guideline 211 (2012).
For the test to be valid, the following validity criteria should be met in the controls:


The mortality of the parent animals (female Daphnia) should not exceed 20 % at
the end of the test.



The mean number of living offspring produced per parent animal surviving at the
end of the test should be > 60.
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The study does not fulfil the validity criteria in OECD 211 (2012); i.e. the mortality of the
parent animals (female Daphnia) exceeded 20 % at the end of the test. A mortality rate of 30
% was observed among the parent animals in the water control aquaria. No mortality was
observed in the solvent control and this group was used to determine the effects of
benfluralin. It was possible to detect a significant effect on total number of neonates per
female in the three highest concentrations, and decreased body length in the highest
treatment after 21-day exposure compared with the solvent control. However, as the validity
criteria are not met, the study will only be considered supplementary.

CA 8.2.5.1/02
Reference:

Report No:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Urann K. (2013c) Benfluralin TGAI: Full Life Cycle Toxicity Test with Water
Fleas (Daphnia magna) Under Flow-Through Conditions, Following OCSPP Draft
Guideline 850.1300
Smithers Viscient, Report No. 14050.6156
OCSPP Draft Guideline 850.1300
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

Species:

Daphnia magna

Test media:

Fortified well water

Treatments:

Nominal concentrations: 0.0031, 0.0063, 0.013, 0.025 and 0.050 mg a.s./L
corresponding to mean measured concentrations: 0.0023, 0.0036, 0.0089, 0.023 and
0.046 mg a.s./L.

Controls:

Dilution water control

Replication, age:

4 replicates per treatment level and control, 10 daphnids/replicate, < 24 hours old at
test initiation.

Duration:

21 days flow-through

Exposure:

The exposure vessels were 1.6 L square, clear glass battery jars with total test
solution of 1.4 L. The daphnids were < 24 hours old at exposure initiation. The test
substance was dosed with a saturator column made of glass and Teflon packed with
glass wool. The column with wool was covered evenly with a benfluralin in acetone
solution and a vacuum pump was used to evaporate all the acetone. The column was
designed to provide a constant flow of saturated aqueous solution without the use
of a carrier solvent.

Test conditions:

Temperature in test solution: 17–21 °C

RMS: NO
Co-RMS: NL

- 100 Benfluralin
Annex B.9 (AS): Ecotoxicology

Photoperiod: 16:8 h (4 to 9 μE•m-2•s-1)
pH: 7.7–8.2
Water hardness: 170–180 mg/L as CaCO3
Dissolved oxygen: 6.6–10 mg/L
Observations:

Water
measurements:

The number of immobilized adult daphnids and observations of abnormal behaviour
were recorded daily. At exposure termination, the total body length of each
surviving adult female daphnid was measured. Observations of physical
characteristics of test solutions (e.g., precipitate, cloudy solution) were recorded
whenever the test organisms were observed, if applicable.
quality

The dissolved oxygen concentrations, pH and temperature were measured and
recorded in each test vessel at exposure initiation and weekly thereafter until
exposure termination (day 21). In addition, the pH, dissolved oxygen concentration
and temperature were measured daily in alternating vessels of each test
concentration and the control. The temperature was also continuously monitored in
replicate A of the 0.0063 mg/L nominal treatment level throughout the study. Total
hardness, alkalinity and conductivity were monitored at exposure initiation and
weekly thereafter in alternating replicates of the highest treatment level and the
control during the exposure.

Analytical methods:

Water samples from two replicates (alternating between replicates A/B and C/D) of
each treatment level and the control was collected and analysed for benfluralin on
test days 0, 7, 14 and 21. All exposure solutions were analysed for benfuralin using
liquid-liquid extraction followed by gas chromatography with micro-electron
capture detection (GC/µECD).

Data analysis:

Shapiro-Wilk’s Test for normality was used to compare the observed sample
distribution with a normal distribution for all endpoints. As a check on the
assumption of homogeneity, each endpoint was analysed using Bartlett’s Test. As
the length data did not meet the assumption for normal distribution, Steel’s ManyOne Rank Sum Test was used to determine the effects for this endpoint. As survival,
reproduction and dry weight data met the assumptions for normal distribution and
homogeneity of variance, Dunnett’s Multiple Comparison Test was used to
determine the effects for these endpoints. CETIS™ Version 1.8 was used for all
statistical calculations. Since no concentration tested resulted in ≥ 50 % reduction
in survival, reproduction and growth, the 21-day EC50 values were empirically
estimated to be greater than the highest mean measured concentration tested.

Results:
Analytical measurements
Mean measured concentrations ranged from 58 to 92 % of nominal concentrations and were in general consistent
between sampling intervals. The measured concentrations at each sampling point are summarised in the table
below.
Table B.9.2.5-2: Analytical measurements of benfluralin in an acute toxicity test with Dapnia magna.
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)
Day 0

Day 7

Day 14

Day 21

Mean (SD)

Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

0.0031

0.0026

0.0022

0.0023

0.0020

0.0063

0.0039

0.0034

0.0039

0.0033

0.013

0.0086

0.0083

0.010

0.0086

0.0023
(0.00025)
0.0036
(0.00029)
0.0089
(0.00081)

Percent
Nominal
NA
74
58
68

of
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0.025

0.023

0.021

0.026

0.020

0.050

0.045

0.042

0.056

0.056

0.023
(0.0025)
0.046
(0.0068)

91
92

LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

Biological observations
After 21 days of exposure, mortality among the control parent animals averaged 15 %. The mean cumulative
offspring per female in the control was 129 and the first brood of offspring exposed to all treatment levels occurred
on day 8. Statistical analysis detected no significant reduction in percent survival, offspring per female, body length
or dry weight among the exposed daphnids. Consequently, the NOEC for survival, offspring per female, body
length and dry weight was determined to be 0.046 mg/L and the LOEC was determined to be > 0.046 mg/L.
Likewise, since no concentration resulted in ≥ 50 % reduction in survival, reproduction and growth (length and
dry weight), the 21-day EC50 values were empirically estimated to be > 0.046 mg/L. All biological endpoints for
day the 21-day study are summarised in the table below.

Table B.9.2.5-3: Mean percent survival of parental daphnids (Daphnia magna), number of offspring released

per female during, body length and dry weight after the 21-day exposure to benfluralin.
Mean Measured
Concentration
% Survival (SD)
[mg a.s./L]
Control
0.0023
0.0036
0.0089
0.023
0.046

85 (13)
90 (8)
90 (8)
93 (10)
95 (10)
95 (10)

Mean
Mean Total
Cumulative
Body Length
Offspring
per in mm (SD)
Female (SD)
4.75
129 (22)
(0.09)
4.87
154 (12)
(0.10)
4.86
140 (13)
(0.04)
4.85
160 (7)
(0.08)
4.80
140 (14)
(0.06)
4.59
114 (28)
(0.30)

Mean Total
Dry Weight
in mg (SD)
1.03
(0.21)
0.97
(0.08)
1.13
(0.05)
0.99
(0.13)
1.02
(0.11)
1.05
(0.13)

SD = Standard Deviation

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by the RMS against the validity criteria in the OECD Guideline 211 (2012).
For the test to be valid, the following validity criteria should be met in the controls:


The mortality of the parent animals (female Daphnia) should not exceed 20 % at
the end of the test.



The mean number of living offspring produced per parent animal surviving at the
end of the test should be > 60.
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The study fulfils the validity criteria in OECD Guideline 211 (2012). The temperature range
of 17 to 21 °C was somewhat outside the recommendations in the guideline. No detailed
day-for-day measurements of the temperatures are available in the report, so it is not possible
to point out the extent of the variability. However, the RMS does not consider this deviation
as crucial for the study’s reliability. No long term effects of benfluralin were observed among
daphnids exposed to concentrations up to approximately 70 % of the limit of solubility of
benfluralin. The study is considered acceptable.
Agreed endpoints:

NOEC = 0.046 mg a.s./L

B.9.2.5.2 Reproductive and development toxicity to an additional aquatic invertebrate species
CA 8.2.5.2/01
Reference:
Report No:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Sayers L.E. (2013) Benfluralin TGAI: Life-Cycle Toxicity Test with Mysids
(Americamysis bahia) Following OCSPP Draft Guideline 850.1350
Smithers Viscient, Report No. 14050.6126
OCSPP Draft Guideline 850.1350
Yes
Supplementary
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

Species:

Americamysis bahia, mysid shrimp

Test media:

Dilute, filtered, natural seawater

Treatments:

Nominal concentrations: 0.0016, 0.0031, 0.0063, 0.013, 0.025 and 0.050 mg a.s./L
corresponding to mean measured concentrations: 0.00092, 0.0019 0.0043, 0.0083,
0.016 and 0.029 mg a.s./L.

Controls:

Dilution seawater control

Replication, age:

4 replicates per treatment level and control, 20 mysids/replicate, ≤ 24 hours old at
test initiation.

Duration:

28 days flow-through

Exposure:

Each glass aquarium measured 30 x 15 x 20 centimeters and was filled with
approximately 4.5 L of the test solution. The test substance was dosed with a
saturator column made of glass and Teflon packed with glass wool. The column
with wool was covered evenly with a benfluralin in acetone solution and nitrogen
gas was used to evaporate all the acetone. The column was designed to provide a
constant flow of saturated aqueous solution without the use of a carrier solvent. An
intermittent-flow proportional diluter provided the exposure solutions to each test
vessel at a rate of approximately 6 aquarium volume additions per day to provide a
90 % test solution replacement rate of approximately 9 hours. Retention chambers,
used to retain sexually immature mysids, were constructed of glass petri dishes, 10
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cm in diameter, 2 cm deep, to which a 14 cm high screen collar (350-μm mesh size
opening) was attached with silicone sealant. The solution volume within the
retention chambers was approximately 785 mL. Pairing chambers, used to retain
sexually mature male and female organisms, were constructed of 6-cm diameter
petri dishes, to which a 14 cm high screen collar (350-μm mesh size opening) was
attached with silicone sealant. Solution volume within the pairing chambers was
approximately 250 mL.
Test conditions:

Temperature in test solution: 26– 28 °C
Photoperiod: 16:8 h
Light intensity: 320–940 lux
pH: 7.7–7.9
Salinity: 20–21 ‰
Dissolved oxygen: 89–92 % of air saturation

Observations:

Length of time for brood appearance was noted for all first generation mysids prior
to pairing. Until day 13, abnormal appearance or behavior was recorded. Survival,
number of offspring produced by each female and abnormal appearance or behavior
was registered daily after males and females had been assigned to pairing chambers
and paired on day 13 (when sexual maturity was reached). Mortality was defined as
lack of movement after gentle prodding with a glass pipette. After 10 offspring per
treatment had been isolated in retention chambers, survival was monitored 96-hour
post-release. After test termination, the length of all the remaining mysids were
measured to the nearest 0.01 mm. Likewise, individual dry weight was measured to
the nearest 0.01 g.

Water
measurements:

quality

Temperature, dissolved oxygen concentration, pH and salinity were measured in
each replicate on day 0 and alternated between replicates daily thereafter throughout
the exposure period, for each treatment level and the control. In addition, exposure
solution temperature was continuously monitored in one control vessel (replicate
A).

Analytical methods:

During the in-life phase of the definitive study, samples were removed from
alternating replicate solutions of each treatment level and the control on days 0, 7,
14, 21 and 28 for analysis of benfluralin TGAI concentration. All exposure solutions
were analysed for using gas chromatography with electron capture detection
(GC/µECD).

Data analysis:

Data for survival endpoints were analysed using Fisher’s Exact Test with
Bonferroni-Holm’s Adjustment. Shapiro-Wilk’s Test was used for normality. A
check on the assumption of homogeneity of variance was conducted using Bartlett’s
Test. As all endpoints met the assumption of normal distribution and homogeneity,
data was evaluated by Dunnett’s Multiple Comparison Test or Williams’ Multiple
Comparison Test. CETIS™ was used to perform the statistical computations.

Results:
Analytical measurements
Mean measured concentrations of benfluralin TGAI ranged from 58 to 68 % of nominal and were in general
consistent throughout the test. The concentrations of benfluralin are summarised in the table below.
Table B.9.2.5-4: Concentrations of benfluralin TGAI measured in exposure solutions during the 28-day lifecycle exposure of mysids (Americamysis bahia).
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)
Day 0

Day 7

Day 14

Day 21

Day 28

Mean (SD)

Control

< LOQ

< LOQ

< LOQ

< LOQ

< LOQ

NA

Percent of
Nominal
NA
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0.0016

0.00086

0.00094

0.0010

0.00099

0.00082

0.0031

0.0018

0.0018

0.0016

0.0021

0.0020

0.0063

0.0039

0.0040

0.0045

0.0039

0.0050

0.013

0.0080

0.0073

0.0089

0.0081

0.0095

0.025

0.019

0.018

0.015

0.014

0.011

0.050

0.028

0.031

0.031

0.029

0.024

0.00092
(0.000080)
0.0019
(0.00021)
0.0043
(0.00047)
0.0083
(0.00085)
0.016
(0.0030)
0.029
(0.0029)

58
61
68
64
62
58

LOQ = Limit of Quantitation
SD = Standard Deviation
NA = Not Applicable

First generation (F0) survival and reproduction
Brood appearance was observed approximately on day 11 in all treatments. 100 % of the mysids managed to
reproduce in all treatments with an average of 20.9 number of offspring per female in the control. No significant
effects on post pairing survival were detected among males, females, or in the total test population. Although a
certain dose-response relationship is visible in the mean number of offspring per female, no significant differences
were detected between the exposed mysids and the control treatment. No behavioral abnormalities were observed
during the exposure period. Based on mean measured concentrations of benfluralin, the NOEC was determined to
be 0.029 mg/L and LOEC > 0.029 mg/L for these parameters. Likewise, since no concentration resulted in ≥ 50
% mortality, the 7, 14, 21 and 28-day LC50 values were empirically estimated to be > 0.029 mg/L, the highest
mean measured benfluralin concentration tested. Survival and reproduction data of the first generation are
summarised in the table below.
Table B.9.2.5-5: First generation (F0) survival and reproduction at termination of the 28-day life-cycle
exposure of mysids (Americamysis bahia) to benfluralin TGAI. Standard deviations are presented in
parentheses.
Mean
Measured
Concentration
(mg a.s./L)

Mean Survival

Mean Reproduction

Males
Postpairing
(%)

Females
Postpairing
(%)

Total
Postpairing
(%)

Day 28

Percent of
Females
Producing Offspring

Number of Offspring
Per Female

Control

93 (9.5)

100 (0.0)

96 (5.3)

81 (7.6)

100 (0.0)

20.9 (4.6)

0.00092

89 (13)

92 (9.7)

90 (7.3)

76 (9.5)

100 (0.0)

19.8 (5.2)

0.0019

84 (16)

92 (9.0)

89 (5.0)

84 (3.7)

100 (0.0)

19.4 (4.0)

0.0043

83 (14)

89 (16)

85 (8.7)

70 (13)

100 (0.0)

16.2 (2.3)

0.0083

94 (8.1)

100 (0.0)

97 (4.0)

89 (9.6)

100 (0.0)

16.1 (3.1)

0.016

84 (13)

92 (9.0)

88 (11)

74 (9.6)

100 (0.0)

16.0 (5.1)

0.029

86 (11)

83 (11)

84 (8.1)

71 (16)

100 (0.0)

15.9 (0.8)

First generation (F0) growth
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At test termination (day 28) the average length in male and female mysids was 7.23 and 7.46 mm, respectively.
The average dry weight in male and female mysids was 0.85 and 1.20 mg, respectively. No significant difference
was determined in length or dry body weight among males or female mysids exposed to any of the treatment levels
tested compared to the control data. Consequently, the NOEC was estimated to be > 0.029 mg/L and LOEC >
0.029 mg/L for growth. Growth measurements of the first generation are summarised in the table below.

Table B.9.2.5-6: Mean total body length and dry weight of first generation (F0) male and female mysids
measured at the termination of the 28-day life-cycle test exposing mysids (Americamysis bahia) to
benfluralin TGAI. Standard deviations are presented in parentheses.
Mean Measured
Concentration
(mg a.s./L)
Control
0.00092
0.0019
0.0043
0.0083
0.016
0.029

Mean Total Body Length
(mm)

Mean Dry Body Weight
(mg)

Males

Females

Males

Females

7.23 (0.17)

7.46 (0.14)

0.85 (0.09)

1.20 (0.08)

7.13 (0.08)

7.48 (0.07)

0.86 (0.08)

1.22 (0.08)

7.27 (0.09)

7.47 (0.12)

0.90 (0.02)

1.21 (0.15)

7.13 (0.19)

7.57 (0.15)

0.84 (0.06)

1.20 (0.08)

7.15 (0.04)

7.47 (0.17)

0.85 (0.03)

1.20 (0.12)

7.12 (0.12)

7.39 (0.11)

0.89 (0.04)

1.28 (0.04)

7.05 (0.25)

7.53 (0.06)

0.88 (0.07)

1.27 (0.09)

Second generation (F1) survival
No treatment related effects on the second-generation survival was detected at 96-hours post-release.
Consequently, the NOEC was estimated to be > 0.029 mg/L and LOEC > 0.029 mg/L for second generation
survival. Mean survival in the second generation are summarised in the table below.
Table B.9.2.5-7: Second generation (F1) survival at 96-hours post-release following exposure of mysids
(Americamysis bahia) to benfluralin TGAI.
Mean Measured Concentration
(mg a.s./L)

Control

0.00092

0.0019

0.0043

0.0083

0.016

0.029

Mean Percent Survival (SD)

100 (0.0)

95 (5.8)

93 (9.6)

100 (0.0)

98 (5.0)

98 (5.0)

100 (0.0)

SD = Standard Deviation

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by RMS against the following validity criterion in OCSPP Draft Guideline
850.1740:


The test is unacceptable if more than 25 percent of first generation females in the
control groups fail to produce young or if the average number of young produced
per female in the controls is less than three per day.
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The study does not fulfil the validity criterion in OCSPP Draft Guideline 850.1740; i.e. the
female in the control group produced less than three young per day. An average of total 20.9
offspring was produced per female in the control. This corresponds to an average of 20.9/28
= 0.47 offspring/female/day. The study is considered supplementary.

B.9.2.5.3 Development and emergence in Chironomus riparius
CA 8.2.5.3/01
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Memmert U. (2003) Effects of Benfluralin Technical on the Development of
Sediment-Dwelling Larvae of Chironomus riparius in a Water-Sediment System
RCC Ltd., Report No. 842140
Proposal for a BBA-Guideline (1995), OECD draft Guideline 219 (February 2001):
Sediment-Water Chironomid Toxicity Test Using Spiked Water
Yes
Unacceptable
In DAR (Updated version 2007)
Uniformly ring labelled 14C benfluralin,

Lot/Batch No./Purity:

Batch no.: XE3-F0893-143, radiochemical purity: 99.1 % unlabelled benfluralin,
chemical purity: > 96 %, batch n°: 650/01

Species:

Chironomus riparius

Treatments:

Nominal: 19, 38, 75, 150, 300 µg a.s./L. The concentrations of benfluralin in the
water of the water-sediment systems decreased very fast. Within one hour after the
application the mean measured concentrations were much lower than the nominally
applied concentrations. Hereafter, mean measured concentrations in the water phase
are given for the nominal test concentrations of 38, 150 and 300 µg a.s./L.
Mean measured after 0 days: 13.3, 94.6, 231.3 µg a.s./L (recovery: 35–77 %)
Mean measured after 7 days: 0.14, 0.24, 0.44 µg a.s./L (recovery: 0.1–0.4 %)
Mean measured after 27 days: not further detectable in the water

Controls:

Dilution water control and solvent control (dimethyl formamide)

Replication, age:

20 larvae/test vessel, 4 replicates/treatment, first-instar larvae (2–3 days old)

Type of test:

27 days static sediment-water toxicity test using spiked water

Test conditions :

Artificial sediment
4 % sphagnum peat
20 % kaolin clay
76 % industrial sand
pH: 7.3
Sediment/water ratio
The test vessels contained 130 g of wet sediment (depth of approximately 1.5 cm)
and 250 mL of test water (depth of approximately 6 cm)
Overlying water
Temperature: 18.3–20.6 °C
pH: 7.4–8.4
Oxygen content: 27*–91 % O2 saturation (2.5*–8.6 mg/L O2)
* incidental stop of aeration at the introduction of Chironomus riparius; no effect
on the outcome of the study
Total hardness: 400–470 mg/L CaCO3
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Photoperiod: 16:8 hours light-dark cycle (742–996 lux)
Analytical methods:
Results:

Radioactivity was measured by LSC and benfluralin was measured by TLC

Table B.9.2.5-8: Emergence rate and development rate of adult midges of Chironomus riparius during the
27-day exposure period to benfluralin.
Nominal test concentration (µg a.s./L)
Biological response

Mean emergence ratio (male and
female midges pooled)
Mean development rate (day-1)
- males
- females

control

solvent
control

19

38

75

150

300

1.225

1.148

1.180

1.147

1.163

1.219

1.219

0.075
0.070

0.073
0.071

0.074
0.068

0.072
0.067

0.074
0.069

0.071
0.068

0.074
0.069

Up to and including the highest test concentration of nominal initial 300 µg a.s./L no statistically significant
difference was observed with the solvent control.
No symptoms of toxicity were observed among the larvae, pupae and emerged midges during the study.

Previous conclusions
The study is acceptable.
Endpoints:
NOEC (Chironomus riparius, 27 d) = 0.300 mg a.s./L (nominal) corresponding to 0.231 mg a.s./L (measured) and
0.112 mg a.s./kg sediment (measured)

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the updated OECD Guideline 219
(2004).
For the test to be valid the following conditions should apply:


The emergence in the controls must be at least 70 % at the end of the test.



Emergence to adults from control vessels should occur between 12 and 23 days
after their insertion into the vessels.



At the end of the test, pH and the dissolved oxygen concentration should be
measured in each vessel. The oxygen concentration should be at least 60 per cent
of the air saturation value (ASV) at the temperature used, and the pH of overlying
water should be in the 6-9 range in all test vessels.
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The water temperature should not differ by more than ± 1.0 °C. The water
temperature could be controlled by isothermal room and in that case the room
temperature should be confirmed in an appropriate time intervals.

The study does not fulfil the validity criteria in OECD 219 (2004); i.e. the water temperature
differed by more than ± 1.0 °C and the oxygen content dropped to below 60 % of air
saturation. In all the aquaria, the temperature range exceeded 1.5 °C throughout the exposure
period. In addition, the oxygen dropped to below 40 % of air saturation in all aquaria on day
0. On day 3, the oxygen saturation had been adjusted to above 60 % but did still occasionally
drop below 60 % during the remaining period. The study is not considered acceptable.

B.9.2.5.4 Sediment dwelling organisms
CA 8.2.5.4/01
Reference:

Report No:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Bradley M.J. (2014) Benfluralin - 42-Day Toxicity Test Exposing Freshwater
Amphipods (Hyalella azteca) to a Test Substance Applied to Sediment Under
Static-Renewal Conditions Following EPA Test Methods
Smithers Viscient, Report No. 14050.6158
EPA Test Method 100.4
OCSPP Draft 850.1770
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

Species:

Hyalella azteca

Test sediment:

Formulated sediment prepared according to OECD Guideline 218

Treatments:

Nominal sediment concentrations: 2.6, 6.4, 16, 40 and 100 mg a.s./kg,
corresponding to mean measured concentrations: 1.3, 3.1, 12, 30 and 83 mg a.s./kg.

Controls:

Control and solvent control (acetone) sediments

Replication, age:

12 replicates per treatment level and control. 10 amphipods, 8 days old at test
initiation, per replicate.

Type of test:

42 day static-renewal

Exposure:

The exposure vessels were 300 mL glass vessels containing 100 mL (approximately
4 cm layer) of sediment and 175 mL of overlying water. During the 42-day study,
the overlying water was renewed by adding two volume additions of water (i.e., 350
mL) per test vessel per day using an intermittent delivery system in combination
with a calibrated water-distribution system. The water delivery system cycled
approximately 7 times per day, providing approximately 350 mL per vessel every
24 hours. During the 42-day exposure, each replicate test vessel received 1.5 mL of
YCT (yeast, cereal leaves and flaked fish food suspension) daily as a food source.
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Test conditions:

Photoperiod: 16:8 h
Light intensity: 230 –720 lux
Pore water
Temperature: 21–23 °C
pH: 6.6–6.9
Ammonia: 0.40–2.6 mg/L
Artificial sediment
Percent organic carbon: 2.6 %
Particle size distribution: 78 % sand, 5 % silt and 17 % clay
pH: 6.6
Percent solids: 63.32 %
Overlying water
Temperature: 22–23 °C
pH: 6.7–7.8
Water hardness: 56–80 mg/L as CaCO3
Dissolved oxygen: 2.5–8.5 mg/L
Alkanity: 16–20 mg/L as CaCO3
Ammonia: ≤ 0.10–0.38 mg/L
Total organic carbon: 0.34–0.83 mg/L

Observations:

Water
measurements:

Daily observations of behaviour (i.e., adverse effects) were made and the physical
characteristics of the test solutions were recorded. Amphipods were exposed to
benfluralin for 28 days until survival and growth (length) were determined in 4 of
the 12 replicates. The surviving amphipods from the remaining 8 replicates were
placed in 300-mL water exposure vessels with only water and a thin layer of silica
sand. Cumulative reproduction and survival of these amphipods were measured on
days 35 and 42. On day 42, survival, growth, cumulative reproduction and sex ratio
was determined. Cumulative reproduction was expressed as the number of young
per adult female amphipod in each replicate based on the numbers of females
present at day 42. Mature males were identified by the enlarged second gnathopod.
Growth was determined by measuring body length from the base of the first antenna
to the tip of the third uropod along the curve of the dorsal surface to the nearest 0.01
mm.
quality

Overlying water
Dissolved oxygen concentration, temperature and pH were measured in the
overlying water of each available replicate vessel of each treatment level and control
used for biological monitoring at test day 0, day 28, day 29 and day 42. On the
remaining test days, dissolved oxygen and temperature were measured in one
alternating replicate of each treatment level and control each day. In addition, the
temperature was continuously monitored in an auxiliary vessel in the temperature
controlled water bath used to house the test vessels throughout the study.
Pore water
At test day 0, day 14 and day 28, ammonia (as nitrogen) concentration, temperature
and pH were each measured in a pore water sample from designated negative
control replicates P through R. In addition, redox potential (Eh) was measured at
the midpoint of the sediment layer (approximately 2 cm deep) prior to removing the
sediment for centrifugation at each sampling interval.

Analytical methods:

Overlying water, pore water and sediment samples were removed and analysed for
benfluralin concentrations on day 0 (test initiation), 14 and 28 (termination of
sediment phase of the exposure). Sediment samples were collected from three
additional exposure vessels, one at each sampling time point. All aqueous and
sediment samples were analysed for benfluralin concentration using gas
chromatography with mass selective detection (GC/μECD and GC/MSD,
respectively).
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Data analysis:

Data obtained on day 28 amphipod survival and growth, day 35 survival and
reproduction, and day 42 survival, growth, male:female ratio and reproduction were
statistically analysed to identify significant treatment-related effects. The lowest
test concentration that showed a statistically significant effect (Lowest-ObservedEffect Concentration, LOEC) and the highest test concentration that showed no
statistically significant effect (No-Observed-Effect Concentration, NOEC) were
determined. The Trimmed Spearman-Kӓrber method within CETIS™ Version 1.8
(Ives, 2013) was used to calculate any relevant LC50 values. The Linear
Interpolation method within CETIS™ Version 1.8 (Ives, 2013) was used to
calculate any relevant EC50 values.

Results:
Analytical measurements
Measured sediment concentrations on day 0 ranged from 84–89 % of nominal. On day 28, concentrations of
benfluralin in the 2.6 and 6.4 mg/kg treatments had declined to 23 and 28 % of the initial measured, respectively.
The three highest concentrations were more stable throughout the exposure period. Low concentrations of
benfluralin was measured in the pore water, with concentrations ranging from 0.018–0.21 mg a.s./L at test initiation
and < 0.00034–0.018 mg a.s./L on day 28. Likewise, low concentrations was detected in the overlying water, with
concentrations ranging from 0.0019–0.078 mg/L at test initiation and 0.00053–0.027 mg a.s./L on day 28.
Measured concentrations of benfluralin in sediments at each sampling time point are summarised in the table
below.
Table B.9.2.5-9: Concentrations of benfluralin in sediment samples during the chronic exposure of
amphipods (Hyalella azteca).
Nominal
Concentration
(mg a.s./kg)

Measured Concentration (mg a.s./kg)
Day 0

Day 14

Day 28

Mean

Control

< LOQ

< LOQ

< LOQ

NA

NA

Solvent Control

< LOQ

< LOQ

< LOQ

NA

NA

2.6

2.3

1.2

0.52

1.3

52

6.4

5.6

2.2

1.6

3.1

49

16

13

11

10

12

73

40

33

27

31

30

76

100

88

72

90

83

83

Percent
Nominal

of

NA = Not Applicable
LOQ = Limit of Quantification

Survival and growth on day 28
Following 28 days of exposure, amphipod survival in the negative control and solvent control averaged 95 and 93
%, respectively. During the same period, amphipod growth in the negative control and solvent control averaged
4.86 and 5.01 mm per amphipod, respectively. No significant difference was determined in either survival or length
among amphipods exposed to any of the treatment levels compared to control amphipods (95 %). Based on mean
measured sediment concentrations and amphipod survival and growth, the LOEC and NOEC were determined to
be > 83 and 83 mg/kg sediment dry weight, respectively. Since no concentration resulted in ≥ 50 % reduction in
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amphipod survival or growth, the 28-day LC50 and EC50 were empirically estimated to be > 83 mg/kg sediment
dry weight, the highest mean measured concentration tested. The results for day 28 are summarised in the table
below.

Table B.9.2.5-10: Mean percent survival of adult amphipods and mean amphipod growth (length) during
the chronic exposure of amphipods (Hyalella azteca) to benfluralin on day 28. Standard deviations are
presented in parentheses.
Mean Measured Day 28
Sediment
Mean
Percent Mean Length per
Concentration
Survival
Amphipod
[mg a.s./kg]
(%)
(mm)
Control
Solvent Control
1.3
3.1
12
30
83

95 (7)

4.86 (0.23)

93 (12)

5.01 (0.20)

98 (4)

5.09 (0.22)

97 (9)

5.19 (0.15)

97 (7)

4.80 (0.58)

97 (5)

5.12 (0.29)

96 (7)

4.95 (0.10)

Survival and reproduction on day 35
Survival in the negative and solvent control on day 35 averaged 86 and 76 %, respectively. On the same sampling
day, amphipod reproduction in the control and solvent control averaged 1.2 and 0.94 offspring per female,
respectively. No significant difference in either survival or reproduction was determined among amphipods
exposed to any of the treatment levels compared to control amphipods. Based on mean measured sediment
concentrations and amphipod survival and reproduction, the LOEC and NOEC were determined to be > 83 and 83
mg/kg sediment dry weight, respectively. Since no concentration resulted in ≥ 50 % reduction in amphipod survival
or reproduction, the 35-day LC50 and EC50 were empirically estimated to be > 83 mg/kg sediment dry weight, the
highest mean measured concentration tested. The results for day 35 are summarised in the table below.
Table B.9.2.5-11: Mean percent survival of adult amphipods and mean number of offspring released per
female amphipod during the chronic exposure of amphipods (Hyalella azteca) to benfluralin on day 35.
Standard deviations are presented in parentheses.
Day 35
Mean Measured
Sediment
Mean Number of
Mean
Percent
Concentration
Offspring
Survival
[mg a.s./kg]
Released
per
(%)
Female
Control

86 (14)

1.2 (1.1)

Solvent Control

76 (21)

0.94 (1.3)

1.3

96 (7)

2.8 (2.6)
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3.1

93 (10)

3.5 (3.1)

12

94 (7)

4.6 (2.2)

30

94 (7)

3.8 (2.7)

83

94 (9)

1.9 (1.6)

Survival, growth, reproduction and sex ratio on day 42
Mean percent survival on day 42 among amphipods in the negative control and solvent control was 81 and 70 %,
respectively. No significant difference in survival was determined among amphipods exposed to any of the
treatment levels compared to the control. Mean growth among amphipods in the negative control and solvent
control averaged 5.47 and 5.42 mm per amphipod, respectively. No significant difference in length was determined
among amphipods exposed to any of the treatment levels compared to the control organisms. Reproduction among
amphipods in the negative control and solvent control averaged 3.0 and 2.6 offspring per female, respectively. No
significant difference in reproduction was determined among amphipods exposed to any of the treatment levels
compared to the control. Based on mean measured sediment concentrations and amphipod survival, growth and
reproduction, the LOEC and NOEC were determined to be > 83 and 83 mg/kg sediment dry weight, respectively.
Since no concentration statistically analysed resulted in ≥ 50 % reduction in amphipod survival, growth and
reproduction, the 42-day LC50 and EC50 were empirically estimated to be > 83 mg/kg sediment dry weight, the
highest mean measured concentration tested. The mean male:female ratio among amphipods exposed to the
negative control and solvent control was 1.8 and 1.3, respectively. No significant difference in male:female ratio
was determined among amphipods exposed to any of the treatment levels statistically analysed compared to the
control. Thus, the LOEC and NOEC were determined to be > 83 and 83 mg/kg sediment dry weight for this
parameter as well. The results for day 42 (test termination) are summarised in the table below.
Table B.9.2.5-12: Mean percent survival of adult amphipods, mean amphipod growth (length), mean
number of offspring released per female and mean male:female ratio during the chronic exposure of
amphipods (Hyalella azteca) to benfluralin on day 42. Standard deviations are presented in parentheses.
Day 42
Mean Measured
Sediment
Mean
Concentration
Survival
[mg a.s./kg]
(%)
Control
Solvent Control
1.3
3.1
12
30
83

Percent Mean Length per
Amphipod
(mm)

Mean Number
of Offspring
Released per
Female

Mean
Male:Female
Ratio

81 (15)

5.47 (0.42)

3.0 (2.7)

1.8 (2.2)

70 (26)

5.42 (0.30)

2.6 (3.8)

1.3 (1.1)

96 (7)

5.79 (0.30)

11 (8.2)

1.6 (1.5)

90 (11)

5.83 (0.26)

11 (6.1)

1.8 (1.8)

89 (11)

5.77 (0.28)

9.8 (2.9)

1.4 (1.0)

79 (29)

5.69 (0.31)

9.3 (5.8)

0.96 (0.50)

90 (8)

5.65 (0.14)

5.4 (1.5)

1.3 (0.46)
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RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by RMS against the following performance criteria* in ASTM E1706/US EPA
Test Method 100.4:


Age of H. Azteca at the start of the test should be 7–8-d old. Starting a test with
substantially older organisms may compromise the reproductive endpoint.



Average survival of H. Azteca in the control sediment on day 28 should be greater
than or equal to 80 %.



Laboratories participating in round-robin testing reported after 28-d sediment
exposures in a control sediment (West Bearskin), survival > 80 % for > 88 % of the
laboratories; length > 3.2 mm/individual for > 71 % of the laboratories; and dry
weight > 0.15 mg/individual for > 66 % of the laboratories. Reproduction from Day
28 to Day 42 was > 2 young/female for >71 % of the laboratories participating in
the round-robin testing. Reproduction was more variable within and among
laboratories; hence, more replicates might be needed to establish statistical
differences among treatments with this endpoint.



Hardness, alkalinity, and ammonia in the overlying water typically should not vary
by more than 50 % during the sediment exposure, and dissolved oxygen should be
maintained above 2.5 mg/L in the overlying water.



All organisms in a test must be from the same source.



Negative-control sediment and appropriate solvent controls must be included in a
test. The concentration of solvent used must not adversely affect test organisms.



Test organisms must be cultured and tested at 23 °C (± 1 °C).



The mean of the daily test temperature must be within ± 1 °C of 23 °C. The
instantaneous temperature must always be within ± 3 °C of 23 °C.

*Some of the performance criteria were not considered relevant for the evaluation of this study and are thus not
included.

The study fulfils almost all the performance criteria in ASTM E1706/US EPA Test Method
100.4, with the exception of one minor deviation: On test day 26, the dissolved oxygen in
the overlying water in one replicate in the solvent control was determined to be 2.5 mg/L.
The highest mortality rate after 42 days was also observed in this replicate. However, the
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low number of surviving amphipods in this replicate did not have a significant impact on the
overall test results. No information is given about the statistical comparison between the
negative control and solvent control. The study author chose the water control as the
reference value in the statistical analysis. This is questioned by the RMS as the solvent
control is recommended as the reference when a statistical difference is detected between
the negative control and the solvent control. The use of the solvent control as a reference
will however not change the statistical outcome of the test. The study seems to be of good
quality and is considered acceptable by the RMS.
Agreed endpoints:

LC50 (Hyalella Azteca, 42 d) > 83 mg a.s./kg dry sediment
EC50 (Hyalella Azteca, 42 d) > 83 mg a.s./kg dry sediment
NOEC (Hyalella Azteca, 42 d) = 83 mg a.s./kg dry sediment

CA 8.2.5.4/02
Reference:

Bradley M.J. (2015) Benfluralin – 10-Day Static Sediment Toxicity Test with the
Marine Amphipod Leptocheirus plumulosus
Smithers Viscient, Report No. 14050.6219
OCSPP Draft Guideline 850.1740
Yes
Acceptable
Submitted for the purpose of renewal

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

Species:

Leptocheirus plumulosus

Test media:

Natural, filtered seawater (adjusted with laboratory well water)

Test sediment:

Natural marine sediment, collected from Sequim Bay, Sequim, Washington (SMV
Batch No. 122214)

Treatments:

Nominal sediment concentrations: 6.3, 13, 25, 50 and 100 mg a.s./kg,
corresponding to mean measured concentrations: 1.4, 4.5, 11, 29 and 52 mg a.s./kg.

Controls:

Control and solvent control (acetone) sediments

Replication, size:

9 replicates per treatment level and control, 20 amphipods/replicate. 5 replicates
(100 amphipods) were used to evaluate biological responses while the remaining
4 were maintained for the purpose of chemical analysis and monitoring of the water
quality of the pore water. The amphipods were 2 to 4 mm in length at exposure
initiation

Type of test:

10 day static

Exposure:

Static exposure. The exposure vessels were 1 L glass beakers containing 175 mL
of sediment (approximately 2 cm layer) and 725 mL of overlying water.

Test conditions:

Photoperiod: Continuous light
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Light intensity: 700–820 lux
Pore water
Temperature: 22 °C
pH: 7.0–7.4
Salinity: 21–26 ‰
Sediment
Percent organic carbon: 3.2 %
Particle size distribution: 37 % sand, 37 % silt and 26 % clay
pH: 7.8
Percent moisture at 1/3 bar (water holding capacity): 69.8 %
Percent solids: 30.54
Overlying water:
Temperature: 24–25 °C
pH: 7.8–8.5
Salinity: 20–22 ‰
Oxygen: 5.6–6.7 mg/L (60 % of saturation at 24 ºC and 20‰ = 4.5 mg/L.; 60% of
saturation at 26 ºC and 22 ‰ = 4.3 mg/L)
Observations:

Water
measurements:

Daily observations of mortality and abnormal behavior were made and the physical
characteristics of the test solutions were recorded. At exposure termination, the
total number of surviving amphipods was determined in each test vessel. Missing
organisms or all observed organisms failing to respond to gentle prodding (i.e.,
neuromuscular twitch of pleopods or antennae) were recorded as dead.
quality

Overlying water
At exposure initiation and termination, temperature, pH, dissolved oxygen
concentration and salinity were measured in the overlying water of each replicate
vessel of each treatment level and control used for biological monitoring (A
through E) during the 10-day exposure. On test days 1 through 9, temperature,
dissolved oxygen, pH and salinity were measured in one alternating replicate from
each treatment level and control each day. In addition, the temperature was
continuously monitored in an auxiliary vessel in the temperature controlled water
bath used to house the test vessels throughout the study. Total ammonia
concentration of the overlying water was measured at exposure initiation (day 0)
and at exposure termination (day 10) in a sample of overlying water from each
treatment and control group.
Pore water
At exposure initiation and at exposure termination, salinity, temperature, pH and
total ammonia (as nitrogen) concentration was measured in a pore water sample of
each treatment level and control.

Analytical methods:

Overlying water, pore water and sediment samples were removed and analysed for
benfluralin concentrations on day 0 and 10. All aqueous and sediment samples
were analysed for benfluralin concentration using gas chromatography with mass
selective detection (GC/μECD and GC/MSD, respectively).

Data analysis:

If ≥ 50 % mortality was observed, then an appropriate statistical model within
CETIS™ Version 1.8 (Ives, 2013) was used to determine the LC 50 value for
survival. If less than 50 % mortality was observed, then the LC50 value was
empirically estimated to be greater than the highest mean measured concentration
tested.

Results:
Analytical measurements
The initial sediment concentrations of benfluralin ranged from 22 to 57 % of nominal. Low concentrations of
benfluralin was measured in the pore water, with concentrations ranging from < 0.00032–0.025 mg a.s./L at test
initiation and 0.00045–0.012 mg a.s./L on day 10. In in the overlying water, concentrations ranged from < 0.00032–
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0.00097 m a.s.g/L at test initiation and < 0.00032 mg a.s./L for all samples on day 10. Measured concentrations of
benfluralin in sediments at each sampling time point are summarised in the table below.

Table B.9.2.5-13: Concentrations measured in sediment samples during the 10-day static exposure of marine
amphipods (Leptocheirus plumulosus) to benfluralin applied to sediment.
Nominal
Concentration in
Sediment
(mg a.s./kg)

Measured Concentration (mg a.s./kg)

Percent
Nominal

Day 0

Day 10

Mean

Control

< LOQ

< LOQ

NA

NA

Solvent Control

< LOQ

< LOQ

NA

NA

6.3

2.2

0.52

1.4

22

13

6.5

2.4

4.5

34

25

15

8.2

11

46

50

34

23

29

57

100

59

45

52

52

of

NA = Not Applicable
LOQ = Limit of Quantification

Survival
Following 10 days of exposure, amphipod survival in both the control and solvent control averaged 99 %. No
significant difference in survival was determined among amphipods exposed to any treatment level tested
compared to the pooled control. Since no concentration tested resulted in ≥ 50 % mortality, the 10-day LC50 value
for amphipod survival was empirically estimated to be > 52 mg/kg, the highest mean measured concentration
tested. The LOEC and NOEC for amphipod survival were determined to be > 52 and 52 mg/kg, respectively. Mean
survival on day 10 are summarised in the table below.
Table B.9.2.5-14: Mean percent survival survival in each treatment at exposure termination of the 10-day
exposure with benfluralin and marine amphipods (Leptocheirus plumulosus).
Mean Measured Concentration
in Sediment (mg a.s./kg)
Mean Percent Survival (SD) on
day 10

Control

Solvent
Control

1.4

4.5

11

29

52

99 (2)

99 (2)

97 (3)

100 (0)

93 (13)

97 (3)

99 (2)

SD = Standard Deviation

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
evaluated by RMS against the following validity criterion in OCSPP Draft Guideline
850.1740:


Results are unacceptable if dissolved oxygen falls to below 60 percent saturation.

The study fulfils the criterion in OCSPP Draft Guideline 850.1740 and is considered
acceptable.
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Agreed endpoints:

LC50 (Leptocheirus plumulosus, 10 d) > 52 mg a.s./kg dry sediment
NOEC (Leptocheirus plumulosus, 10 d) = 52 mg a.s./kg dry sediment

B.9.2.6 Effects on algal growth
CA 9.2.6.1 Effects on growth of green algae
CA 8.2.6.1/01
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Hertl J. and Breitwieser H. (2003d) Toxicity of Benfluralin Technical to
Pseudokirchneriella subcapitata in an Algal Growth Inhibition Test
IBACON, Report No. 13063210
OECD Guideline 201 (1984) : Alga, Growth Inhibition Test and 92/69/EEC, C.3
(1992)
Yes
Unacceptable
In DAR (Updated version 2007)
Benfluralin technical

Lot/Batch No.:

650/01

Purity:

96.7 %

Species:

Pseudokirchneriella subcapitata

Treatments:

Nominal: 100 mg a.s./L
For the limit test 100 mg of the test item could be suspended (recovery rate of 88
%) and 1.6 % of the test item was dissolved

Controls:

Dilution water control and solvent control (methylcellulose)

Replication, initial cell
density:

3 replicates per treatment and for the control, 6 replicates for the solvent control,
1.0 x 104 cells/mL

Type of test:

72 hours static

Test conditions:

Temperature: 23 °C
pH: 8.0–8.1 (at start), 9.7–9.8 (at end)
Light: continuous, 7540–7920 lux

Analytical methods:

HPLC with UV-VIS detection

Results:
Findings
No significant reduction of growth on algal cells was observed at the treatment level of 100 mg a.s./L during the
test period of 72 hours.
No difference was observed between the algae growing in the test concentration of 100 mg a.s./L and the control
at the microscopic examination of the shape of the algal cells.

Previous conclusions
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The study is acceptable.
Endpoints :
EbC50 (Pseudokirchneriella subcapitata, 72 h) > 100 mg a.s./L
ErC50 (Pseudokirchneriella subcapitata, 72 h) > 100 mg a.s./L
NOEC (Pseudokirchneriella subcapitata, 72 h) = 100 mg a.s./L
The results are based on nominal concentrations.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the updated OECD Guideline 201
(2011).
For the test to be valid, the following validity criteria should be met:


The biomass in the control cultures should have increased exponentially by a factor
of at least 16 within the 72-hour test period. This corresponds to a specific growth
rate of 0.92 day-1.



The mean coefficient of variation for section-by-section specific growth rates (days
0-1, 1-2 and 2-3, for 72-hour tests) in the control cultures must not exceed 35 %.



The coefficient of variation of average specific growth rates during the whole test
period in replicate control cultures must not exceed 7 % in tests with
Pseudokirchneriella subcapitata. For other less frequently tested species, the value
should not exceed 10 %.

The RMS checked the validity criteria for the 72-hour interval:
Table B.9.2.6-1: Mean section-by-section coefficient of variation for section-by-section
specific growth rates in the control cultures. The growth rate of control and solvent
control cultures are pooled.
SD for each
replicate
(section 1 -3)
1.61
1.19
1.11
0.27
1
1.50
1.35
1.00
0.26
2
1.44
1.34
1.04
0.20
3
1.50
1.34
1.12
0.19
5
1.55
1.22
1.23
0.19
6
1.61
1.18
1.28
0.23
1
1.36
1.41
1.08
0.18
2
1.53
1.26
1.10
0.22
3
Mean % CV for section by section specific growth rates
Replicate

Section 1
0 – 24h*

Section 2
24 – 48h*

Section 3
48 – 72h*

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

CV% of each
replicate
20.74
19.91
16.05
14.68
13.93
16.67
14.03
16.68
16.58
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Table B.9.2.6-2: Average specific growth rate and the coefficient of variation of the
average specific growth rate during 0-72 hours in the control cultures. The growth rate
of control and solvent control cultures are pooled.
Average growth rate for each replicate
0 – 72h (day-1)*
1.30
1
1.28
2
1.27
3
1.32
5
1.33
6
1.36
1
1.28
2
1.29
3
Average specific growth rate 0 – 72h (day-1)
1.31
0.03
SD for growth rate 0 – 72h
% CV for average specific growth rate 0 – 72h 2.05
Replicate

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

The study fulfils the validity criteria in OECD Guideline 201 (2012). Several deviations have
however been evident during the re-evaluation process. The pH in the control and solvent
control media increased by 1.8 units during the test, as opposed to the recommended
maximum increase of 1.5 in the guideline. In addition, the number of treatment replicates
was 3 instead of the recommended number of at least 6 for limit tests. The applied nominal
concentration was as much as 1539 times the limit of aqueous solubility of benfluralin, and
accordingly the test solution was colored by the test item during the exposure. Likewise, the
solvent control and the treatment contained 100 mg methylcellulose/L – 1000 times higher
than the recommended concentration of 0.1 mg/L in OECD 201. The RMS does also
question the choice of methylcellulose as a solvent, as this is not one of the recommended
solvents in the test guideline.

In an additional non-GLP experiment referred to in the study report, the difference between
the suspended and dissolved test item was determined. 100 mg test item could be suspended
(recovery rate of 88 %), while just 1.6 % of the test item was dissolved. Thus, as the nominal
concentration seems to represent both dissolved and undissolved test material, the reported
endpoints will most likely be an overestimation of the bioavailable concentrations and an
underestimation of the toxicity of benfluralin. The study is not considered acceptable.

CA 8.2.6.1/02
Reference:

Report No.:
Guideline:

GLP:
Acceptability:
Previous evaluation:

Henry K.S., Staley J.L. and McClymont E.L. (2002) Trifluralin metabolite TR-6:
Growth inhibition test with the freshwater green alga, Selenastrum capricornutum,
Printz
Toxicology & Environmental Research and Consulting, Report No. 011101
US EPA FIFRA 123-2, equivalent to OECD Guideline 201 (1984): Alga, Growth
Inhibition Test and
92/69/EEC, C.3 (1992)
Yes
Acceptable
In DAR (Updated version 2007)
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Material and methods:
Test material:

Trifluralin metabolite TR-6

Lot/Batch No.:

GHD-6140-36A

Purity:

99 %

Species:

Pseudokirchneriella subcapitata

Treatments:

Nominal: 0.078, 0.156, 0.313, 0.625, 1.25, 2.50, 5.00, 10.0 mg trifluralin metabolite
TR-6/L. Mean measured: 0.065, 0.156, 0.300, 0.613, 1.17, 2.40, 4.79, 5.56 mg
trifluralin metabolite TR-6/L. Mean measured concentrations ranging from 55.6–
100 % of the nominal concentrations

Controls:

Dilution water control and solvent control (acetone)

Replicates, initial cell
density:

3 replicates per treatment, for the control and the solvent control,
0.8 x 104 cells/mL

Type of test:

96 hours static

Test conditions:

Temperature: 24.0–24.5 °C
pH: 7.5–9.0
Light: continuous, 628–7980 lux

Analytical methods:
Results:

HPLC with UV detection

Findings
The effects on algal growth after 3 days of exposure, relative to the pooled controls, ranged from 16.1 % inhibition
at 0.065 mg/L to 75.4 % inhibition of growth at 5.56 mg/L.
The effects on algal growth after 4 days of exposure, relative to the pooled controls, ranged from 0.2 % stimulation
of growth at 0.156 mg/L to 55.7 % inhibition of growth at 5.56 mg/L.

Previous conclusions
The study is acceptable.
Endpoints:
EC50 (Pseudokirchneriella subcapitata, 72 h) = 4.09 mg trifluralin metabolite TR-6/L
EC50 (Pseudokirchneriella subcapitata, 96 h) = 5.53 mg trifluralin metabolite TR-6/L
NOEC (Pseudokirchneriella subcapitata, 72 h) = 1.17 mg trifluralin metabolite TR-6/L
NOEC (Pseudokirchneriella subcapitata, 96 h) = 1.17 mg trifluralin metabolite TR-6/L
The results are based on mean measured concentrations.

RMS

The GLP status of the laboratory was checked and was acceptable. This study has been re-evaluated by

study

the RMS against the validity criteria in the updated OECD Guideline 201 (2011).

comment:

For the test to be valid, the following validity criteria should be met:


The biomass in the control cultures should have increased exponentially by a factor of at least
16 within the 72-hour test period. This corresponds to a specific growth rate of 0.92 day-1.
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The mean coefficient of variation for section-by-section specific growth rates (days 0-1, 1-2
and 2-3, for 72-hour tests) in the control cultures must not exceed 35 %.



The coefficient of variation of average specific growth rates during the whole test period in
replicate control cultures must not exceed 7 % in tests with Pseudokirchneriella subcapitata.
For other less frequently tested species, the value should not exceed 10 %.

The RMS checked the validity criteria for both the 72-hour and the 96-hour interval:

Table B.9.2.6-3: Mean section-by-section coefficient of variation for section-by-section specific
growth rates in the control cultures (72 hours). The growth rates of control and solvent control
cultures are pooled.
SD for each
replicate
(section 1 -3)
2.16
1.72
1.53
0.32
1
2.52
1.64
1.64
0.51
2
2.27
1.62
1.91
0.32
3
1.75
1.52
1.96
0.22
5
2.05
1.70
1.60
0.23
6
1.32
1.35
1.91
0.33
7
Mean % CV for section by section specific growth rates
Replicate

Section 1
0 – 24h*

Section 2
24 – 48h*

Section 3
48 – 72h*

CV% of each
replicate
17.97
26.20
16.81
12.59
12.99
21.64
18.04

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-4: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-72 hours in the control cultures. The growth rates of control and
solvent control cultures are pooled.
Average growth rate for each replicate
0 – 72h (day-1)*
1.80
1
1.93
2
1.93
3
1.74
5
1.78
6
1.53
7
Average specific growth rate 0 – 72h (day-1)
1.79
0.15
SD for growth rate 0 – 72h
% CV for average specific growth rate 0 – 72h 8.39
Replicate

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-5: Mean section-by-section coefficient of variation for section-by-section specific
growth rates in the control cultures (96 hours). The growth rate of control and solvent control
cultures are pooled.
Replicate

Section 1
0 – 24h*

Section 2
24 – 48h*

Section 3
48 – 72h*

Section 4
72 – 96h*

1
2
3
4

2.16
2.52
2.27
1.75

1.72
1.64
1.62
1.52

1.53
1.64
1.91
1.96

0.64
0.51
0.61
0.61

SD for each
replicate
(section 1 -4)
0.64
0.82
0.71
0.59

CV% of each
replicate
42.33
52.15
44.57
40.55
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2.05
1.70
1.60
0.73
5
1.32
1.35
1.91
1.96
6
Mean % CV for section by section specific growth rates

0.56
0.39

36.80
28.27
40.78

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-6: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-96 hours in the control cultures. The growth rate of control and
solvent control cultures are pooled.
Mean growth rate for each replicate
0 – 96h (day-1)*
1.51
1
1.58
2
1.60
3
1.46
4
1.52
5
1.38
6
Average specific growth rate 0 – 96h (day-1)
1.51
0.08
SD for growth rate 0 – 96h
% CV for average specific growth rate 0 – 96h 5.23
Replicate

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

72-hour: The study does not fulfil the validity criteria in OECD Guideline 201 (2012); i.e. the % CV for
average 0–72 hour specific growth rate of 8.39 % is slightly above the validity criteria of 7 %.

96-hour: The study does not fulfil the validity criteria in OECD Guideline 201 (2012); i.e. the % CV for
0–96 hour section-by-section specific growth rates rate of 40.78 % is above the validity criteria of 35
%.

The RMS considers the deviation of the 0–72 hour specific growth rate to be too close to the accepted
value to discard the study. As 72 hours also is the study duration specified in OECD 201, the RMS
decided to use these endpoints in the risk assessment. As measurements only were conducted at test
initiation and test termination (96 hours), concentrations are based on the geometric mean of these two
time points.
The applicant did also provide a report4 with EC10, EC20 and confidence intervals, in accordance with
the requirements in Regulation (EU) No 283/2013. The endpoints have been generated using linear
interpolation (ICPIN) with the statistical software CETIS (© Tidepool Scientific; version 1.9.1).
Table B.9.2.6-7: Summary of EC10 and EC20 w/confidence intervals for the 0-72-hour interval.
Endpoint
Final Count
EC10
EC20

4

ECx (mg/L)

95% confidence limit

0.026
0.053

0.018–0.041
0.036–1.239

Kulacki K. and Kratz T. (2016). Statistical re-analysis of benfluralin ecotoxicological studies to generate EC10 and EC20 estimates according
to Regulation (EU) No 283/2013. Exponent International Ltd., Report Number 1507382.UK0 - 7787.
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Area Under Curve
EC10
EC20
Specific Growth Rate
EC10
EC20

0.024
0.049

0.016–0.042
0.032–2.411

2.75
4.48

NA–3.934
3.303–5.563

NA = Not Applicable

It is also noted that the reported NOEC value of 1.17 mg/L was based on cell counts. The RMS
calculated the 72-hour NOEC’s based on growth rate and yield with ToxRat (version 3.2.1):
NOErC (Pseudokirchneriella subcapitata, 72 h) = 5.56 mg trifluralin metabolite TR-6/L
NOEyC (Pseudokirchneriella subcapitata, 72 h) = 5.56 mg trifluralin metabolite TR-6/L
Agreed

ErC50 (Pseudokirchneriella subcapitata, 72 h) > 5.56 mg trifluralin metabolite TR-6/L

endpoints:

EyC50 (Pseudokirchneriella subcapitata, 72 h) = 4.09 mg trifluralin metabolite TR-6/L

CA 8.2.6.1/03
Reference:

Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Marino T.A., Staley J.L., Gilles M.M. and McClymont E.L. (2001) Trifluralin
metabolite TR-15: Growth inhibition test with the freshwater green alga,
Selenastrum capricornutum, Printz
Toxicology & Environmental Research and Consulting, Report No. 011102
OECD Guideline 201 (1984): Alga, Growth Inhibition Test, 92/69/EEC, C.3 (1992)
and US EPA FIFRA 123-2
Yes
Acceptable
In DAR (Updated version 2007)
Trifluralin metabolite TR-15

Lot/Batch No.:

GHD-6140-43C

Purity:

99 %

Species :

Pseudokirchneriella subcapitata

Treatments:

Nominal:.078, 0.156, 0.313, 0.625, 1.25, 2.50, 5.00, 10.0 mg trifluralin metabolite
TR-15/L. Mean measured: 0.0509, 0.101, 0.254, 0.451, 0.908, 1.86, 5.28, 9.15 mg
trifluralin metabolite TR-15/L.
Mean measured concentrations ranging from 64.7–106 % of the nominal
concentrations.

Controls:

Dilution water control and solvent control (acetone)

Replication, initial cell
density:

3 replicates per treatment, for the control and the solvent control,
1.0 x 104 cells/mL

Type of test:

96 hours static

Test conditions:

Temperature: 24.3 °C
pH: 8.3–9.3
Light: continuous, 6440–8060 lux

RMS: NO
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Analytical methods:
Results:

HPLC with UV detection

Findings
The effects on algal growth after 3 days of exposure, relative to the pooled controls, ranged from 0.4 % stimulation
of growth at 0.101 mg/L to 99.3 % inhibition of growth at 9.15 mg/L.
The effects on algal growth after 4 days of exposure, relative to the pooled controls, ranged from 19.7 % stimulation
of growth at 0.908 mg/L to 99.2 % inhibition of growth at 9.15 mg/L.

Previous conclusions
The study is acceptable.
Endpoints:
EC50 (Pseudokirchneriella subcapitata, 72 h) = 3.82 mg trifluralin metabolite TR-15/L
EC50 (Pseudokirchneriella subcapitata, 96 h) = 4.97 mg trifluralin metabolite TR-15/L
NOEC (Pseudokirchneriella subcapitata, 72 h) = 0.451 mg trifluralin metabolite TR-15/L
NOEC (Pseudokirchneriella subcapitata, 96 h) = 1.86 mg trifluralin metabolite TR-15/L
The results are based on mean measured concentrations.

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been re-evaluated
by the RMS against the validity criteria in the updated OECD Guideline 201 (2011).
For the test to be valid, the following validity criteria should be met:


The biomass in the control cultures should have increased exponentially by a factor of at
least 16 within the 72-hour test period. This corresponds to a specific growth rate of 0.92
day-1.



The mean coefficient of variation for section-by-section specific growth rates (days 0-1, 12 and 2-3, for 72-hour tests) in the control cultures must not exceed 35 %.



The coefficient of variation of average specific growth rates during the whole test period in
replicate control cultures must not exceed 7 % in tests with Pseudokirchneriella
subcapitata. For other less frequently tested species, the value should not exceed 10 %.

The RMS checked the validity criteria for both the 72-hour and the 96-hour interval:
Table B.9.2.6-8: Mean section-by-section coefficient of variation for section-by-section specific
growth rates in the control cultures. The growth rate of control and solvent control cultures
are pooled.
Replicate

Section 1
0 – 24h*

Section 2
24 – 48h*

Section 3
48 – 72h*

A
B
C

1.55
0.94
1.09

2.04
1.74
2.06

1.51
1.74
1.44

SD for each
replicate
(section 1 -3)
0.30
0.46
0.49

CV% of each
replicate
17.60
31.53
31.99

RMS: NO
Co-RMS: NL
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1.50
1.99
1.47
0.29
A
1.62
1.93
1.47
0.23
B
1.83
1.85
1.67
0.10
C
Mean % CV for section by section specific growth rates

17.45
13.86
5.73
19.69

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-9: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-72 hours in the control cultures. The growth rate of control and
solvent control cultures are pooled.
Average growth rate for each replicate
0 – 72h (day-1)*
1.70
A
1.47
B
1.53
C
1.66
A
1.67
B
1.78
C
Average specific growth rate 0 – 72h (day-1)
1.64
0.11
SD for growth rate 0 – 72h
% CV for average specific growth rate 0 – 72h 7.02
Replicate

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-10: Mean section-by-section coefficient of variation for section-by-section
specific growth rates in the control cultures (96 hours). The growth rate of control and solvent
control cultures are pooled.
Replicate

Section 1
0 – 24h*

Section 2
24 – 48h*

Section 3
48 – 72h*

Section 4
72 – 96h*

0.43
A
1.55
2.04
1.51
0.51
B
0.94
1.74
1.74
0.99
C
1.09
2.06
1.44
0.56
A
1.50
1.99
1.47
0.63
B
1.62
1.93
1.47
0.25
C
1.83
1.85
1.67
Mean % CV for section by section specific growth rates

SD for each
replicate
(section 1 -4)
0.68
0.61
0.48
0.60
0.56
0.77

CV% of each
replicate
49.22
49.91
34.54
43.35
39.46
55.22
45.28

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-11: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-96 hours in the control cultures. The growth rate of control and
solvent control cultures are pooled.
Mean growth rate for each replicate
0 – 96h (day-1)*
1.38
A
1.23
B
1.40
C
1.38
A
1.41
B
1.40
C
Average specific growth rate 0 – 96h (day-1)
1.37
0.07
SD for growth rate 0 – 96h
% CV for average specific growth rate 0 – 96h 5.0
Replicate

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

RMS: NO
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72-hour: The study does not fulfil the validity criteria in OECD Guideline 201 (2012); i.e. the % CV
for average 0–72 hour specific growth rate of 7.02 % is slightly above the validity criteria of 7 %.

96-hour: The study does not fulfil the validity criteria in OECD Guideline 201 (2012); i.e. the % CV
for 0–96-hour section-by-section specific growth rates rate of 45.28 % is above the validity criteria
of 35 %.

The RMS considers the deviation of the 0–72 hour specific growth rate to be too close to the accepted
value to discard the study. As 72 hours also is the study duration specified in OECD 201, the RMS
decided to use these endpoints in the risk assessment. As measurements only were conducted at test
initiation and test termination (96 hours), concentrations are based on the geometric mean of these
two time points.
The applicant did also provide a report5 with EC10, EC20 and confidence intervals, in accordance with
the requirements in Regulation (EU) No 283/2013. These endpoints have been generated using linear
interpolation (ICPIN) with the statistical software CETIS (© Tidepool Scientific; version 1.9.1).
Table B.9.2.6-12: Summary of EC10 and EC20 w/confidence intervals for the 0-72-hour interval.
Endpoint
Final Count
EC10
EC20
Area Under Curve
EC10
EC20
Specific Growth Rate
EC10
EC20

ECx (mg/L)

95% confidence limit

0.125
0.648

NA–1.084
NA–1.323

0.158
0.649

NA–1.033
NA–1.429

3.883
5.693

NA–7.688
1.835–6.592

NA = Not Applicable

It is also noted that the reported NOEC value of 1.17 mg/L was based on cell counts. The RMS
calculated the 72-hour NOEC’s based on growth rate and yield with ToxRat (version 3.2.1):

NOErC (Pseudokirchneriella subcapitata, 72 h) = 1.86 mg trifluralin metabolite TR-15/L
NOEyC (Pseudokirchneriella subcapitata, 72 h) = 0.25 mg trifluralin metabolite TR-15/L
Agreed

ErC50 (Pseudokirchneriella subcapitata, 72 h) > 9.15 mg trifluralin metabolite TR-15/L

endpoints:

EyC50 (Pseudokirchneriella subcapitata, 72 h) = 3.82 mg trifluralin metabolite TR-15/L

CA 8.2.6.1/04
Reference:

5

Softcheck K.A. (2015a) Benfluralin: 96-Hour Toxicity Test with the Freshwater
Green Alga, Pseudokirchneriella subcapitata

Kulacki K. and Kratz T. (2016). Statistical re-analysis of benfluralin ecotoxicological studies to generate EC10 and EC20 estimates according
to Regulation (EU) No 283/2013. Exponent International Ltd., Report Number 1507382.UK0 - 7787.

RMS: NO
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Company Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Smithers Viscient, Report No. 14050.6228
OCSPP Guideline 850.4500
OECD Guideline 201
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

Species:

Pseudokirchneriella subcapitata

Test media:

Algal Assay Procedure (AAP) medium

Treatments:

Nominal concentrations: 0.0041, 0.0081, 0.016, 0.033 and 0.065 mg a.s./L
corresponding to initial measured concentrations: 0.0034, 0.0071, 0.012, 0.026 and
0.050 mg a.s./L. Initial measured concentrations ranged from 76 to 87 % of nominal
concentrations.

Controls:

Control and solvent control (dimethylformamide)

Replication, initial cell
density:

Treatments and control: 4 replicates; solvent control: 8 replicates. Initial cell
concentration was 10 000 cells/mL.

Exposure:

The test was conducted with 250 mL sterile Erlenmeyer-flasks with 100 mL
medium. All flasks were fitted with stainless steel caps that permitted gas exchange.

Type of test:

96 hours static

Test conditions:

Temperature: 23.0–24.0 °C
Photoperiod: continuous light
Light intensity: 4800–6000 lux
pH: 7.3–9.5

Observations:

At each subsequent 24-hour interval, cell counts were conducted for each treatment
and control replicate solution using a hemacytometer and compound microscope.
Observations of the health of the algal cells were also made and recorded at each
24-hour interval.

Water
measurements:

quality

Temperature was measured continuously in a flask of water adjacent to the test
flasks in the environmental chamber. Minimum and maximum temperatures were
recorded daily. At exposure initiation, pH and conductivity were measured in the
test solution that remained in each of the mixing flasks after the individual test flasks
for each treatment had been filled. At termination of the 96-hour exposure period,
after cell counts were completed, samples were removed from the replicate flasks
of each treatment level and control and were respectively composited for pH
measurements.

Chemical analyses:

The solutions were analysed for benfluralin at exposure initiation (0 hour) and at
exposure termination (96 hours). All samples were analysed for benfluralin using
gas chromatography using electron capture detection (GC/μECD).

Data analysis:

An Equal Variance Two-Sample t-Test was used to compare the results of the
solvent control to the control. Data was checked for normality using Shapiro-Wilks’
Test and for homogeneity of variance using Bartlett’s Test. If the data sets passed

RMS: NO
Co-RMS: NL
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the tests for homogeneity and normality, then Dunnett’s Multiple Comparison Test
was used to determine the NOEC and LOEC values. If the data did not pass the test
for normality and homogeneity then an appropriate non-parametric statistical test
was used, e.g. Jonckheere-Terpstra Step-Down Test or Dunnett’s T3 Multiple
Comparison Test. The ECx values were determined by linear interpolation of
response (percent inhibition of endpoint as compared with appropriate control)
using the ICp method. CETIS™ version 1.8 was used to perform all statistical
analyses.
Results:
Analytical measurements
At exposure initiation, the measured concentrations of benfluralin in the treatment levels ranged from 76 to 87 %
of nominal concentrations. Concentrations dropped to very low levels after 96 hours ranging from 9.2 % of nominal
in the second highest treatment to below the limit of quantification (LOQ) in the two lowest treatments. One
additional 16 µg a.s/L solution without algae was analysed to clarify the impact of algal biomass on the dissipation
of the test substance. This solution had exactly the same concentration as the solution with algae at test termination,
demonstrating that the presence of algae did not influence the concentrations in the test solutions. The measured
concentrations of benfluralin are summarised in the table below.

Table B.9.2.6-13: Concentrations of benfluralin measured in the exposure solutions during the 96-hour
exposure of Pseudokirchneriella subcapitata to benfluralin.
0 hour

96 hour

Measured
Concentration
(µg/L)

Percent
Nominal

Measured
Concentration
(µg a.s./L)

Percent of Nominal

Percent
Decline from 0
Hour

Control

< LOQ

NA

< LOQ

NA

NA

Solvent Control

< LOQ

NA

< LOQ

NA

NA

4.1

3.4

82

< LOQ

NA

> 90

8.1

7.1

87

< LOQ

NA

> 95

16

12

76

0.62/0.62*

3.9/3.9*

95

33

26

80

3

9.2

89

65

50

77

3.5

5.4

93

Nominal
Concentration
(µg a.s./L)

of

* Result of the additional samples without algae present to determine biological uptake/degradation
LOQ = Limit of Quantification
CV = Coefficient of Variation
SD = Standard Deviation

Cell numbers
Algal cell numbers in the control and the solvent control increased by a factor of approximately 76 and 81,
respectively, from test initiation to 72 hours. Mean cell densities determined at 24, 48, 72 and 96 hours are
presented in the table below.
Table B.9.2.6-14: Cell density of Pseudokirchneriella subcapitata after 24, 48, 72 and 96 hours of exposure
to benfluralin. Cell densities at day 0 were 10 000 cells/ml.
Nominal
test
concentration
Mean cell densities (SD) (× 104 cells/mL) at:
(µg a.s./L)

RMS: NO
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24 h

48 h

Control

3.94 (1.38)

Solvent Control

4.41 (1.02)

4.1

4.56 (0.9)

72 h

96 h

76.19 (5.78)

164.25 (13.01)

17.31 (2.08)

81.44 (6.64)

197.48 (19.95)

19.38 (2.60)

80.44 (3.26)

16.69 (1.75)

81.44 (9.77)

182.54 (23.43)

89.44 (9.65)

205.08 (14.87)

16.75 (1.7)

193.5 (26.48)

8.1

4.13 (0.85)

16

4.44 (1.21)

33

5.13 (1.13)

19.56 (1.57)

91.06 (5.84)

205.54 (44.52)

65

3.75 (0.96)

17.75 (2.15)

78.31 (8.83)

203.08 (33.51)

19 (2.70)

SD = Standard Deviation

Growth rate
There was no significant difference in growth rate between the two control groups after 72 hours exposure. Thus,
the pooled control groups were used to determine treatment-related effects. No treatment-related dose response
was observed and no significant reduction in growth rate was detected in any of the treatment levels tested,
compared to the pooled control data after 72 hours. Therefore, the 72-hour NOEC and LOEC values for growth
rate were determined to be 50 and > 50 μg/L, respectively, based on initial measured concentrations. Likewise, no
concentration tested resulted in ≥ 10 % inhibition of growth rate compared to the pooled control data after 72
hours. Consequently, the ErC10, ErC20 and ErC50 were empirically estimated to be > 50 μg/L, the highest initial
measured concentration tested.

After 96 hours exposure a significant difference was detected in growth rate between the two control groups. The
solvent control was therefore used to determine the effects of benfluralin. No treatment-related dose response was
observed and no significant reduction in growth rate was detected in any of the treatment levels tested, compared
to the solvent control after 96 hours. Therefore, the 96-hour NOEC and LOEC values for growth rate were
determined to be 50 and > 50 μg/L, respectively, based on initial measured concentrations. Likewise, no
concentration tested resulted in ≥ 10 % inhibition of growth rate compared to the solvent control after at test
termination. Consequently, the ErC10, ErC20 and ErC50 were empirically estimated to be > 50 μg/L, the highest
initial measured concentration tested.

Average specific growth rate after 72 and 96 hours are summarised in the table below.

Table B.9.2.6-15: Average specific growth rates of Pseudokirchneriella subcapitata after 72 and 96 hours of
exposure to benfluralin.
Nominal
test
Growth rate after 72 h Inhibition growth rate Growth rate after 96 h Inhibition growth rate
concentration
(day-1) (SD)
(%)
(day-1) (SD)
(%)
(µg a.s./L)
Control

1.48 (0.03)

NA

1.30 (0.02)

NA

Solvent Control

1.50 (0.03)

NA

1.35 (0.03)

NA

RMS: NO
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Nominal
test
Growth rate after 72 h Inhibition growth rate Growth rate after 96 h Inhibition growth rate
concentration
(day-1) (SD)
(%)
(day-1) (SD)
(%)
(µg a.s./L)
4.1

1.50 (0.01)

0

1.35 (0.03)

-1

8.1

1.50 (0.04)

0

1.33 (0.03)

0

16

1.53 (0.04)

-3

1.36 (0.02)

-2

33

1.54 (0.02)

-3

1.36 (0.05)

-2

65

1.49 (0.04)

0

1.36 (0.04)

-2

SD = Standard Deviation
NA = Not Applicable

Yield
After 72 hours exposure, no statistically significant difference in yield was detected between the control and
solvent control. Thus, the pooled control was used to determine treatment-related effects. No treatment-related
dose response was observed and no significant reduction in yield was detected in any of the treatment levels tested,
compared to the pooled control data after 72 hours. Therefore, the 72-hour NOEC and LOEC values for yield were
determined to be 50 and > 50 μg/L, respectively, based on initial measured concentrations. Likewise, no
concentration tested resulted in ≥ 10 % inhibition of yield compared to the pooled control data after at test
termination. Consequently, the ErC10, ErC20 and ErC50 were empirically estimated to be > 50 μg/L, the highest
initial measured concentration tested.

The solvent control and control was significant different after 96 hours. The solvent control was therefore used to
determine treatment related effects. No treatment-related dose response was observed and no significant reduction
in yield was detected in any of the treatment levels tested, compared to the solvent control data after 96 hours.
Therefore, the 96-hour NOEC and LOEC values for yield were determined to be 50 and > 50 μg/L, respectively,
based on initial measured concentrations. Likewise, no concentration tested resulted in ≥ 10 % inhibition of yield
compared to the solvent control after at test termination. Consequently, the ErC10, ErC20 and ErC50 were empirically
estimated to be > 50 μg/L, the highest initial measured concentration tested.

Mean yield at 24, 48, 72 and 96 hours are summarised in the table below.
Table B.9.2.6-16: Yield of Pseudokirchneriella subcapitata after 24, 48, 72 and 96 hours of exposure to
benfluralin.
Nominal test
concentration Mean yield (SD) (× 104 cells/mL) at:
(µg a.s./L)

96
hour
inhibition

24 h

48 h

72 h

96 h

2.94 (1.38)

15.75 (1.70)

75.19 (5.78)

163.25 (13.01)

NA

Solvent Control 3.41 (1.02)

16.31 (2.08)

80.44 (6.64)

196.48 (19.95)

NA

4.1

3.56 (0.90)

18.38 (2.60)

79.44 (3.26)

192.5 (26.48)

-4

8.1

3.13 (0.85)

15.69 (1.75)

80.44 (9.77)

181.54 (23.43)

2

Control

%

RMS: NO
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16

3.44 (1.21)

18.00 (2.7)

88.44 (9.65)

204.08 (14.87)

-10

33

4.13 (1.13)

18.56 (1.57)

90.06 (5.84)

204.54 (44.52)

-10

65

2.75 (0.96)

16.75 (2.15)

77.31 (8.83)

202.08 (33.51)

-9

SD = Standard Deviation
NA = Not Applicable

RMS

The GLP status of the laboratory was checked and was acceptable. This study has been evaluated

study

by the RMS against the validity criteria in OECD Guideline 201 (2011).

comment:

For the test to be valid, the following criteria should be met:


The biomass in the control cultures should have increased exponentially by a factor of at
least 16 within the 72-hour test period. This corresponds to a specific growth rate of 0.92
day-1.



The mean coefficient of variation for section-by-section specific growth rates (days 0-1,
1-2 and 2-3, for 72-hour tests) in the control cultures must not exceed 35 %.



The coefficient of variation of average specific growth rates during the whole test period
in replicate control cultures must not exceed 7 % in tests with Pseudokirchneriella
subcapitata. For other less frequently tested species, the value should not exceed 10 %.

The RMS checked the validity criteria for both the 72-hour and the 96-hour interval:
Table B.9.2.6-17: Mean section-by-section coefficient of variation for section-by-section
specific growth rates in the control cultures (72 hours). The growth rate of control and
solvent control cultures are pooled.
SD for each
replicate
(section 1 -3)
1.55
1.19
1.73
0.27
A
1.08
1.81
1.62
0.38
B
1.87
1.05
1.5
0.41
C
1.18
1.56
1.68
0.26
D
1.34
1.39
1.84
0.28
A
1.61
1.26
1.68
0.23
B
1.72
1.11
1.57
0.32
C
1.26
1.69
1.47
0.22
D
1.49
1.24
1.97
0.37
E
1.34
1.42
1.79
0.24
F
1.83
1.18
1.55
0.33
G
1.92
1.14
1.49
0.39
H
Mean % CV for section by section specific growth rates
Replicate

Section 1
0 – 24h

CV = Coefficient of Variation
SD = Standard Deviation

Section 2
24 – 48h

Section 3
48 – 72h

CV% of each
replicate
18.45
25.19
27.87
17.72
18.08
14.84
21.67
14.59
23.68
15.83
21.45
25.76
20.50

RMS: NO
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Table B.9.2.6-18: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-72 hours in the control cultures. The growth rate of control and
solvent control cultures are pooled.
Mean growth rate for each replicate
0 – 72h (day-1)
1.47
A
1.52
B
1.45
C
1.48
D
1.52
A
1.51
B
1.45
C
1.48
D
1.55
E
1.51
F
1.50
G
1.50
H
Average specific growth rate 0 – 72h (day-1)
1.50
0.03
SD for growth rate 0 – 72h
% CV for average specific growth rate 0 – 72h 2.01
Replicate

CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-19: Mean section-by-section coefficient of variation for section-by-section
specific growth rates in the solvent control cultures (96 hours).
Replicate

Section 1
0 – 24h

Section 2
24 – 48h

Section 3
48 – 72h

Section 4
72 – 96h

1.34
1.39
1.84
0.93
A
1.61
1.26
1.68
0.68
B
1.72
1.11
1.57
1.18
C
1.26
1.69
1.47
1.04
D
1.49
1.24
1.97
1.73
E
1.34
1.42
1.79
0.85
F
1.83
1.18
1.55
0.94
G
0.84
1.92
1.14
1.49
H
Mean % CV for section by section specific growth rates

SD for each
replicate
(section 1 -4)
0.37
0.46
0.30
0.28
0.31
0.39
0.39
0.47

CV% of each
replicate
27.07
34.94
21.25
20.43
19.52
28.64
28.63
34.51
26.87

CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-20: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-96 hours in the solvent control cultures.
Mean growth rate for each replicate
0 – 96h (day-1)
1.37
A
1.30
B
1.38
C
1.37
D
1.34
E
1.34
F
1.36
G
1.34
H
Average specific growth rate 0 – 96h (day-1)
1.35
0.03
SD for growth rate 0 – 96h
% CV for average specific growth rate 0 – 96h 1.9
Replicate

CV = Coefficient of Variation
SD = Standard Deviation
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The study fulfils the validity criteria in OECD Guideline 201 (2012). In the study report, the
concentrations were given as initial measured concentrations. As the same degree of disappearance
of the test substance was seen in the solution without algae as in the solution with algae (table
B.9.2.6-13), the RMS finds it more appropriate to give the test endpoints as geometric mean
measured, in line with the recommendations in OECD 201. Exposure concentrations were
therefore re-calculated with all values below limit of quantification set to LOQ/2 (LOQ = 0.32 µg
a.s/L). The test duration was 96 hours, with measurements of the test substance conducted only at
test initiation and test termination. Following the EFSA Aquatic Guidance document 6, page 17, a
test duration of 96 hours is acceptable for deriving a chronic RAC for algae. Thus, the geometric
mean of the initial and 96-hour concentration has been calculated for each treatment level:
Table B.9.2.6-21: Nominal concentrations with the corresponding geometric mean
concentrations in the 96-hour exposure of Pseudokirchneriella subcapitata.
Nominal Concentration
(µg/L)
Mean
Measured
Concentration (µg/L)

Control

Solvent
Control

4.1

8.1

16

33

65

< LOQ

< LOQ

0.7

1.1

2.7

8.8

13.2

It is also noted that the concentrations of benfluralin dropped to levels below LOQ in the two
lowest treatment levels at the end of the study. Consequently, following EFSA document 2015:EN9247, the validity of the study should be questioned. However, as this was only applicable for the
two lowest concentrations, and no signs of growth inhibition could be seen in any of the treatments,
the RMS considers the test results as reliable.
Furthermore, the pH of the control medium increased by 1.9 units during the test. This is a higher
increase than the recommended maximum increase of 1.5 units in OECD 201 but is still not
considered as sufficient to invalidate the study.
No inhibitory effects on yield or growth rate were observed in a study with Pseudokirchneriella
subcapitata exposed to concentrations up to approximately 20 % of the limit of solubility of
benfluralin. The study is considered acceptable.
Agreed

ErC50 (Pseudokirchneriella subcapitata, 96 h) > 0.0132 mg a.s./L

endpoints

EyC50 (Pseudokirchneriella subcapitata, 96 h) > 0.0132 mg a.s./L

:

B.9.2.6.2 Effects on growth of an additional algal species
CA 8.2.6.2/01
Reference:
Report No.:

6

Hertl J. and Breitwieser H. (2003e) Toxicity of Benfluralin Technical to
Anabaena flos-aquae in an Algal Growth Inhibition Test.
IBACON, Report No. 13064210

EFSA PPR Panel (EFSA Panel on Plant Protection Products and their Residues) (2013). Guidance on tiered risk assessment for plant
protection products for aquatic organisms in edge-of-field surface waters. EFSA Journal 2013;11(7):3290, 268 pp.
doi:10.2903/j.efsa.2013.3290.
7
EFSA (European Food Safety Authority) (2015). Technical report on the outcome of the pesticides peer review meeting on general recurring
issues in ecotoxicology. EFSA supporting publication 2015:EN-924. 62 pp.
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Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

OECD Guideline 201 (1984): Alga, Growth Inhibition Test and 92/69/EEC, C.3
(1992)
Yes
Unacceptable
In DAR (Updated version 2007)
Benfluralin technical

Lot/Batch No.:

650/01

Purity:

96.7 %

Species:

Anabaena flos-aquae

Treatments:

Nominal: 4.6, 10, 21, 46, 100 mg a.s./L
The test item was suspended with a total recovery rate of 99 %.

Controls:

Dilution water control and solvent control (methylcellulose)

Replication, initial cell
density:

3 replicates per treatment and for the control, 6 replicates for the solvent control,
1.0 x 104 cells/mL

Type of test:

72 hours static

Test conditions:

Temperature: 23 °C
pH: 6.5–6.7 (at start), 6.1–6.4 (at end)
Light: continuous, 7400–7875 lux

Analytical methods:
Results:
Findings

HPLC with UV-VIS detection

No significant reduction of growth on algal cells was observed in any of the treatment levels tested.
The shape of the algal cells after 72 hours test period was not affected up to the treatment level of 100 mg a.s./L.

Previous conclusions
The study is acceptable.
Endpoints :
EbC50 (Anabaena flos-aquae, 72 h) > 100 mg a.s./L
ErC50 (Anabaena flos-aquae, 72 h) > 100 mg a.s./L
NOEC (Anabaena flos-aquae, 72 h) = 100 mg a.s./L
The results are based on nominal concentrations.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been
re-evaluated by the RMS against the validity criteria in the updated OECD Guideline 201
(2011).
For the test to be valid, the following validity criteria should be met:
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The biomass in the control cultures should have increased exponentially by a
factor of at least 16 within the 72-hour test period. This corresponds to a specific
growth rate of 0.92 day-1.



The mean coefficient of variation for section-by-section specific growth rates
(days 0-1, 1-2 and 2-3, for 72-hour tests) in the control cultures must not exceed
35 %.



The coefficient of variation of average specific growth rates during the whole
test period in replicate control cultures must not exceed 7 % in tests with
Pseudokirchneriella subcapitata. For other less frequently tested species, the
value should not exceed 10 %.

The RMS checked the validity criteria for the 72-hour interval:
Table B.9.2.6-22: Mean section-by-section coefficient of variation for section-bysection specific growth rates in the control cultures. The growth rate of control and
solvent control cultures are pooled.
SD for each
replicate
(section 1 -3)
2.48
0.83
1.28
0.86
1
2.43
0.81
1.11
0.86
2
2.50
0.85
0.98
0.92
3
2.53
0.63
1.36
0.96
4
2.59
0.52
1.45
1.04
5
2.65
0.69
1.02
1.05
6
2.59
0.80
1.15
0.95
1
2.65
0.77
1.13
1.00
2
2.68
1.11
0.56
1.10
3
Mean % CV for section by section specific growth rates
Replicate

Section 1
0 – 24h*

Section 2
24 – 48h*

Section 3
48 – 72h*

CV% of each
replicate
55.83
59.60
63.59
63.73
68.36
72.37
62.66
65.90
75.95
65.33

* Growth rates are calculated from the cell counts data in the study report
CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-23: Average specific growth rate and the coefficient of variation of the
average specific growth rate during 0-72 hours in the control cultures. The growth
rate of control and solvent control cultures are pooled.
Average growth rate for each replicate
0 – 72h (day-1)*
1.53
1
1.45
2
1.44
3
1.50
4
1.52
5
1.45
6
1.51
1
1.52
2
1.45
3
Average specific growth rate 0 – 72h (day-1)
1.49
0.04
SD for growth rate 0 – 72h
% CV for average specific growth rate 0 – 72h
2.42
Replicate

* Growth rates are calculated from the cell counts data in the study report
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CV = Coefficient of Variation
SD = Standard Deviation

The study does not fulfil the validity criteria in OECD Guideline 201 (2012); i.e. the %
CV for section-by-section specific growth rates is above the validity criteria of 35 %.
Several other deviations have been revealed during the re-evaluation of this study. The
test material was dosed in concentrations ranging from approximately 70 to 1539 times
the limit of aqueous solubility of benfluralin and accordingly the solutions were colored
by the test item. Likewise, the solvent control and the treatments contained 100 mg
methylcellulose/L – 1000 times higher than the recommended concentration of 0.1 mg/L.
The RMS do also question the choice of methylcellulose as a solvent, as this is not one
of the recommended solvents in the test guideline.

In an additional non-GLP experiment referred to in the study report, the amount of the
test item in suspension was investigated. In the stock solution of 100 mg/L, the test item
could be suspended (recovery rate 99 %), while 97 % could be removed by
centrifugation. Consequently, as the solutions consisted of both dissolved and
undissolved benfluralin, the reported endpoints will most likely be an overestimation of
the bioavailable concentrations of benfluralin. The study is not considered acceptable.

CA 8.2.6.2/02
Reference:
Company Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Softcheck K.A. (2015b) Benfluralin: Toxicity to Freshwater Cyanobacterium
(Anabaena flos-aquae)
Smithers Viscient, Report No. 14050.6157
OCSPP Guideline 850.4550
OECD Guideline 201
Yes
Unacceptable
Submitted for the purpose of renewal
Benfluralin TGAI

Lot/Batch No:

ACD13683

Purity:

97.5 % (w/w)

pecies:

Anabaena flos-aqua

Test media:

Algal Assay Procedure (AAP) medium

Treatments:

Nominal concentrations: 0.0041, 0.0081, 0.016, 0.033 and 0.065 mg a.s./L
corresponding to initial measured concentrations: 0.0026, 0.0056, 0.011, 0.021 and
0.043 mg a.s./L. Initial measured concentrations ranged from 62 to 69 % of nominal
concentrations.

Controls:

Dilution water control and solvent control (dimethylformamide)

Replication:

Treatments and control: 4 replicates; solvent control: 8 replicates. Initial cell
concentration was 10 000 cells/mL.
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Experimental set up:

The test was conducted with 250 mL sterile Erlenmeyer-flasks with 100 mL
medium. All flasks were fitted with stainless steel caps that permitted gas exchange.

Test type:

120 hours static

Test conditions:

Temperature: 23.0–24.0 °C
Photoperiod: continuous light
Light intensity: 1900–2400 lux
pH: 7.2–8.5

Observations:

At each subsequent 24-hour interval, cell counts were conducted for each treatment
and control replicate solution using a hemacytometer and compound microscope.
Observations of the health of the algal cells were also made and recorded at each
24-hour interval.

Water
measurements:

quality

Temperature was measured continuously in a flask of water adjacent to the test
flasks in the environmental chamber. Minimum and maximum temperatures were
recorded daily. At exposure initiation, pH and conductivity were measured in the
test solution that remained in each of the mixing flasks after the individual test flasks
for each treatment had been filled. At termination of the 120-hour exposure period,
after cell counts were completed, samples were removed from the replicate flasks
of each treatment level and control and were respectively composited for pH
measurements.

Chemical analyses:

At test initiation (0 hour) as well as after 2, 4, 6 and 8 hours of exposure and at
exposure termination (120 hours), a single sample was removed from each test
concentration and the controls and analysed for benfluralin. All samples were
analysed for benfluralin using gas chromatography using electron capture detection
(GC/μECD).

Data analysis:

An Equal Variance Two-Sample t-Test was used to compare the results of the
solvent control to the control. Data was checked for normality using Shapiro-Wilks’
Test and for homogeneity of variance using Bartlett’s Test. If the data sets passed
the tests for homogeneity and normality, then Dunnett’s Multiple Comparison Test
was used to determine the NOEC and LOEC values. If the data did not pass the test
for normality and homogeneity then an appropriate non-parametric statistical test
was used, e.g. Jonckheere-Terpstra Step-Down Test or Dunnett’s T3 Multiple
Comparison Test. The ECx values were determined by linear interpolation of
response (percent inhibition of endpoint as compared with appropriate control)
using the ICp method. CETIS™ version 1.8 was used to perform all statistical
analyses.

Results:
Analytical measurements
At exposure initiation, the measured concentrations of benfluralin in the treatment levels ranged from 62 to 69 %
of nominal concentrations and were reduced to low levels at the end of study (120 hours). Only 3 % of the initial
concentration was measured in the highest treatment level, while there were no detectable concentrations in the
three lowest treatments at the end of the study. One additional solution of 16 µg a.s./L without algae was measured
to determine the impact of algal biomass on the dissipation. In this solution the concentration was also reduced to
low, but still detectable levels, indicating that the presence of algae may have influenced the water concentrations
to a certain degree. Measurements were also conducted after 2, 4, 6 and 8 hours exposure. Measured concentrations
declined slightly after 2 and 4 hours of exposure, ranging from 40 to 51 % of the nominal concentrations. After 6
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and 8 hours of exposure, the measured concentrations was reduced to 36–46 % of nominal concentrations.
Measured concentrations of benfluralin at test initiation and test termination are summarised in the table below.

Table B.9.2.6-24: Concentrations of benfluralin measured in the exposure solutions at test initiation and
test termination during the 120-hour exposure of Anabaena flos-aquae to benfluralin.
0 hour

120 hour

Nominal
Concentration
(µg a.s./L)

Mean
Measured
Concentration
(µg/L)

Percent
Nominal

Control

< LOQ

Solvent Control

Mean
Measured
Concentration
(µg a.s./L)

Percent
Nominal

NA

< LOQ

NA

< LOQ

NA

< LOQ

NA

4.1

2.6

63

< LOQ

NA

8.1

5.6

69

< LOQ

NA

16

11

69

< LOQ / 1.0*

NA / 6.5*

33

21

67

0.34

1.0

65

43

77

1.2

1.8

of

of

* Result of the additional samples without algae present to determine biological uptake/degradation
LOQ = Limit of Quantification
CV = Coefficient of Variation
SD = Standard Deviation

Cell numbers
Cells exposed to all treatment levels and the controls were observed to be normal throughout the exposure period.
Algal cell numbers in the negative control increased by a factor of approximately 43 from test initiation to 72 hours
and by a factor of approximately 74 from test initiation to 96 hours. Mean cell densities determined at 24, 48, 72,
96 and 120 hours are presented in the table below.

Table B.9.2.6-25: Cell density of Anabaena flos-aquae after 24, 48, 72, 96 and 120 hours of exposure to
benfluralin. Cell densities at day 0 were 10 000 cells/ml.
Nominal test
concentration Mean cell densities (SD) (× 104 cells/mL) at:
(µg a.s./L)
24 h

48 h

72 h

96 h

120 h

1.03 (0.51)

10.19 (6.17)

43.30 (19.81)

74.30 (19.75)

154.47 (45.05)

Solvent Control 2.84 (3.18)

22.75 (20.76)

43.61 (24.52)

89.39 (51.87)

241.15 (57.61)

4.1

4.48 (2.47)

10.38 (6.61)

23.62 (15.53)

79.15 (13.41)

236.56 (144.27)

8.1

2.74 (1.70)

21.72 (19.23)

41.30 (22.19)

112.81 (23.97)

212.69 (57.32)

16

1.33 (0.50)

11.04 (6.31)

26.30 (6.61)

101.78 (40.66)

149.95 (60.92)

33

4.68 (4.14)

4.64 (6.41)

30.70 (9.49)

101.74 (32.03)

204.66 (84.29)

65

8.69 (9.44)

10.45 (2.64)

52.62 (12.89)

102.33 (31.33)

242.31 (71.51)

Control
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SD = Standard Deviation

72-hour growth rate
The 0- to 72-hour average specific growth rate in the control and solvent control averaged 1.23 and 1.21 days -1,
respectively. No treatment-related dose response was observed and no significant reduction in growth rate was
detected in any of the treatment levels tested, compared to the negative control data after 72-hour exposure.
Consequently, the 72-hour NOEC and LOEC values for growth rate were determined to be 43 and > 43 μg a.s./L,
respectively, based on initial measured concentrations. Both the E rC10, ErC20 and ErC50 values were empirically
estimated to be > 43 μg a.s./L, the highest initial measured concentration tested. Average specific growth rates
after 72, 96 and 120 hours are summarised in the table below.

Table B.9.2.6-26: Average specific growth rates of Anabaena flos-aquae after 72, 96 and 120 hours of
exposure to benfluralin.
Nominal
test
Growth rate after 72 h Growth rate after 96 h Growth rate after 120
concentration
72 hour % inhibition
(day-1) (SD)
(day-1) (SD)
h (day-1) (SD)
(µg a.s./L)
Control

1.48(0.03)

1.08 (0.07)

1.01 (0.06)

NA

Solvent Control

1.50(0.03)

1.10 (0.14)

1.10 (0.05)

NA

4.1

1.50(0.01)

1.10 (0.04)

1.07 (0.13)

0

8.1

1.50(0.04)

1.18 (0.05)

1.08 (0.06)

0

16

1.53(0.04)

1.15 (0.10)

1.00 (0.09)

-3

33

1.54(0.02)

1.15 (0.09)

1.06 (0.09)

-3

65

1.49(0.04)

1.15 (0.09)

1.10 (0.06)

0

SD = Standard Deviation
NA = Not Applicable

72-hour yield
The 72-hour yield in the control and solvent control averaged 42.30 and 42.61 x 10 4 cells/mL, respectively. No
treatment-related dose response was observed and no significant reduction in yield was detected in any of the
treatment levels tested, compared to the negative control data after 72-hour exposure. Consequently, the 72-hour
NOEC and LOEC values for yield were determined to be 43 and > 43 μg a.s./L, respectively, based on initial
measured concentrations. Both the EyC10, EyC20 and EyC50 values were empirically estimated to be > 43 μg a.s./L,
the highest initial measured concentration tested. Mean yield at 24, 48, 72, 96 and 120 hours are summarised in
the table below.
Table B.9.2.6-27: Yield of Anabaena flos-aquae after 24, 48, 72, 96 and 120 hours of exposure to benfluralin.
Nominal test
concentration Mean yield (SD) (× 104 cells/mL) at:
(µg a.s./L)

Control

72 hour
inhibition

24 h

48 h

72 h

96 h

120 h

0.03 (0.51)

9.19 (6.17)

42.30 (19.81)

73.30 (19.75)

153.47 (45.05)

NA

%
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Solvent
Control

1.84 (3.18)

21.75 (20.76)

42.61 (24.52)

88.39 (51.87)

240.15 (57.61)

4.1

3.48 (2.47)

9.38 (6.61)

22.62 (15.53)

78.15 (13.41)

235.56 (144.27) 47

8.1

1.74 (1.70)

20.72 (19.23)

40.30 (22.19)

111.81 (23.97)

211.69 (57.32)

5

16

0.33 (0.50)

10.04 (6.31)

25.30 (6.61)

100.78 (40.66)

148.95 (60.92)

40

33

3.68 (4.14)

3.64 (6.41)

29.70 (9.49)

100.74 (32.03)

203.66 (84.29)

30

65

7.69 (9.44)

9.45 (2.64)

51.62 (12.89)

101.33 (31.33)

241.31 (71.51)

-22

NA

SD = Standard Deviation
NA = Not Applicable

RMS

study

comment:

The GLP status of the laboratory was checked and was acceptable. This study has been evaluated by
the RMS against the validity criteria in OECD Guideline 201 (2011).
For the test to be valid, the following criteria should be met:


The biomass in the control cultures should have increased exponentially by a factor of at
least 16 within the 72-hour test period. This corresponds to a specific growth rate of 0.92
day-1.



The mean coefficient of variation for section-by-section specific growth rates (days 0-1, 12 and 2-3, for 72-hour tests) in the control cultures must not exceed 35 %.



The coefficient of variation of average specific growth rates during the whole test period in
replicate control cultures must not exceed 7 % in tests with Pseudokirchneriella
subcapitata. For other less frequently tested species, the value should not exceed 10 %.

As the preferred durations for an algae growth inhibition study is 72 or 96 hours (EFSA Journal
2013;11(7):3290, page 17), the RMS checked the validity criteria for these two time intervals:
Table B.9.2.6-28: Mean section-by-section coefficient of variation for section-by-section
specific growth rates in the control cultures (72 hours).
SD for each
replicate
(section 1 -3)
-0.17
1.66
1.9
1.13
A
0.42
1.7
2.14
0.89
B
-0.83
3.63
0.36
2.31
C
0.27
1.66
2.25
1.02
D
Mean % CV for section by section specific growth rates
Replicate

Section 1
0 – 24h

Section 2
24 – 48h

Section 3
48 – 72h

CV% of each
replicate
100.20
62.92
219.25
72.96
113.83

CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-29: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-72 hours in the control cultures.
Replicate
A

Mean growth rate for each replicate
0 – 72h (day-1)
1.09
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B
C
D
Average specific growth rate 0 – 72h (day-1)
SD for growth rate 0 – 72h
% CV for average specific growth rate 0 – 72h

1.38
1.09
1.35
1.23
0.16
12.97

CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-30: Mean section-by-section coefficient of variation for section-by-section
specific growth rates in the negative control cultures (96 hours).
Replicate

Section 1
0 – 24h

Section 2
24 – 48h

Section 3
48 – 72h

Section 4
72 – 96h

-0.17
1.66
1.9
0.74
A
0.42
1.7
2.14
0.46
B
-0.83
3.63
0.36
1.13
C
0.27
1.66
2.25
0.12
D
Mean % CV for section by section specific growth rates

SD for each
replicate
(section 1 - 4)
0.94
0.87
1.89
1.05

CV% of each
replicate
92.08
74.26
175.85
97.77
109.99

CV = Coefficient of Variation
SD = Standard Deviation

Table B.9.2.6-31: Average specific growth rate and the coefficient of variation of the average
specific growth rate during 0-96 hours in the negative control cultures.
Mean growth rate for each replicate
0 – 96h (day-1)
1.00
A
1.16
B
1.1
C
1.05
D
Average specific growth rate 0 – 96h (day-1)
1.09
0.06
SD for growth rate 0 – 96h
% CV for average specific growth rate 0 – 96h 5.86
Replicate

CV = Coefficient of Variation
SD = Standard Deviation

The study does not fulfil the validity criteria in OECD Guideline 201 (2012); i.e. the mean coefficient
of variation for section-by-section specific growth rates exceeded 35 % after 72 and 96 hours, and
the coefficient of variation of average specific growth rate exceeded 10 % after 72 hours. In the study
report, the concentrations were given as initial measured concentrations. As benfluralin
concentrations in the solutions with algal biomass were close to the concentrations in the solutions
without algae, the RMS would find it more appropriate to give the endpoints as geometric mean
measured concentrations for the whole relevant test period. However, as the validity criteria in the
test guideline are not met, the RMS did not prioritize to estimate the relevant geometric mean
concentrations. It is also noted that the concentrations of benfluralin dropped to levels below LOQ
in the three lowest treatment levels at the end of the study. Consequently, following EFSA document
2015:EN-9248, the validity of the study should be questioned, as the fate characteristics/actual
exposure of the test substance is not known. In addition, the negative control rather than the solvent
control was used in the calculation of the endpoints, which is not in accordance with the
recommendations in OECD 201. A use of the solvent control in the statistical calculations would
however not change the validity of the test. The study is not considered acceptable.
8

EFSA (European Food Safety Authority) (2015). Technical report on the outcome of the pesticides peer review meeting on general recurring
issues in ecotoxicology. EFSA supporting publication 2015:EN-924. 62 pp.
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B.9.2.7 Effects on aquatic macrophytes

CA 8.2.7/01
Reference:
Company Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

Hoberg J.R. (2007) Benfluralin TGAI – Toxicity to Duckweed, Lemna gibba.
Springborn Smithers Laboratories, Report No. 12550.6485
OECD Guideline 221; OPPTS Draft Guideline 850.4400
Yes
Yes
In addendum (September 2007)
Benfluralin TGAI (Benfluralin technical grade)

Lot/Batch No:

ACD13683

Purity:

97.5 %

Species:

Lemna gibba, Strain 310

Test media:

20X Algal Assay Procedure (AAP) medium

Treatments:

Nominal concentrations: 0.0042, 0.0083, 0.017, 0.034 and 0.066 mg a.s./L
corresponding to geometric mean measured: 0.0021, 0.0040, 0.0069, 0.016 and
0.032 mg a.s./L

Controls:

Dilution water control and solvent control (dimethylformamide)

Replication, initial frond
density:

Control and treatments: 3 replicates; solvent control: 6 replicates. 12 fronds per
vessel at test initiation.

Experimental set up:

The experiment was conducted with sterile 270-ml crystallizing dishes with 100 mL
of the appropriate test solution. The test media were renewed every 24 hours. All
dishes were covered with an inverted, sterile, glass Petri dish. The study was located
in a temperature-controlled environmental chamber with overhead fluorescent
lights designed to maintain the test conditions of 24 ± 2 °C and continuous lighting
with an intensity of 650 to 880 foot-candles (7000 to 9500 lux) and a
photosynthetically-active radiation (PAR) of 85 to 135 μE/m2/s.

Type of test:

7 days semi-static

Test conditions:

Temperature: 23–24 °C
Photoperiod: continuous lighting
Light intensity: 7000 to 9100 lux
pH: 7.1–8.9

Observations:

The fronds were counted and observations were made at test initiation, on days 3, 5
and at test termination (day 7).

Water quality
measurements:

The water temperature was measured continuously with a thermometer located in a
flask of water adjacent to the test vessels. Temperature readings were recorded
daily. The pH of the exposure solutions was measured at test initiation (new
solutions), in each aged and new solution at each renewal period, and at test
termination (aged solutions).
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Chemical analyses:

The test media was sampled at test initiation and at the remaining days immediately
after preparation of the new media for analysis of benfluralin. All the aged test
solutions were sampled at the end of two renewal periods (days 1 and 7). In addition,
the aged solution of the highest nominal test concentration was sampled on days 2,
3 4, 5 and 6 – one with and one without Lemna Gibba – to see how the presence of
plants influenced the dissipation of the test substance. The test concentrations are
expressed as geometric mean measured from day 0 and 6 of the newly prepared
solutions and day 1 and 7 of the 24-hour aged solutions. The geometric mean was
calculated from the average of the newly prepared solutions and the average of the
aged solutions.

Data analysis:

Growth rate and yield was based on the change in dry weight biomass and frond
density was calculated from observations made at test initiation and termination.
NOEC and LOEC were calculated relative to the solvent control with a significance
level of p ≤ 0.05. The data were first checked for normality using Shapiro Wilks’
test and for homogeneity of variance using Bartlett’s Test. It the data sets passed
the tests for homogeneity and normality, the Williams’ Test was used to determine
the NOEC. If the data did not pass the tests for homogeneity and normality, the
Kruskal-Wallis’ Test was used to determine the NOEC. The EC05, EC50 and EC90
values were calculated, when possible, for frond densities and dry weight biomass
at test termination. TOXSTAT® version 3.5 was used to perform both the statistical
(LOEC and NOEC determinations) and EC05, EC10, EC20, EC50 and EC90
calculations.

Results:
Analytical measurements
On days 0, 1, 2, 3, 4, 5 and 6, measured concentrations in the newly prepared test solutions ranged from 81 to 110
% of nominal concentrations. On days 1 and 7, concentrations of benfluralin in the 24–hour aged test solutions
ranged from 10 to 43 %, with the exception of the 0.0042 mg a.s./L treatment, which was below the limit of
quantification on day 7. In the highest treatment, the concentrations of benfluralin ranged from 21 to 36 % of
nominal in the aged solutions on days 2, 3, 4, 5 and 6. An additional sample of the two days aged 0.066 mg/L
solution without Lemna was 0.029 mg a.s./L. The equivalent solution with plant biomass present was 0.020 mg/L,
indicating that the impact of plants had no significant impact on the dissipation of benfluralin. Based on geometric
mean measured concentrations of the day 0 and 6 new solutions and the day 1 and 7 aged solutions, treatment
levels were defined as 0.0021, 0.0040, 0.0069, 0.016 and 0.032 mg a.s./L and ranged from 41 to 49 % of nominal
concentrations. The measured concentrations of benfluralin used to determine geometric mean measured
concentrations are summarised in table B.9.2.7-1.
Table B.9.2.7-1: Concentrations of benfluralin measured in the exposure solutions used to determine
geometric mean measured concentrations during the 7-day static-renewal exposure with Lemna gibba.
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg a.s./L)
0-Hour (new)

Day 1 (aged)

Day 6 (new)

Day 7 (aged)

Geometric
Mean

Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

Solvent Control

< LOQ

< LOQ

< LOQ

< LOQ

NA

NA

0.0042

0.0046

0.0018

0.0036

< LOQ*

0.0021

49

0.0083

0.0087

0.0033

0.0071

0.00083

0.0040

49

0.017

0.015

0.0046

0.015

0.0019

0.0069

41

Percent
Nominal

of
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0.034

0.033

0.011

0.030

0.0056

0.016

47

0.066

0.060

0.021

0.053

0.014

0.032

48

LOQ = Limit of Quantification
NA = Not Applicable
* One-half (0.00023 mg//L) of LOQ (0.00045 mg/L) was used in the calculation of the
mean measured concentration for this sample.

Frond density and formation
At test termination, fronds in the three highest concentrations were observed to have less root formation compared
to the control fronds, while the fronds where observed to be curled in the two highest treatments. In addition, the
fronds in the highest treatment were smaller compared to the control fronds. Fronds exposed to the two lowest
concentrations and the control solutions were characterized as normal. The 7-day frond density in the control and
solvent control averaged 331 and 338 fronds per replicate, respectively. The 7-day EC50 value for frond density
was determined to be 0.018 mg a.s./L with 95 % confidence limits of 0.015 to 0.022 mg a.s./L. Frond production
in the different treatments during the study are summarised in the table below.

Table B.9.2.7-2: Frond production recorded for Lemna gibba after 3, 5 and 7 days exposure to benfluralin.
Mean
Measured
Mean Fronds (SD)a
Concentration
(mg a.s./L)

7-Day
%
inhibition

Day 3

Day 5

Day 7

Control

43 (3.06)

118 (17.52)

331 (43.31)

NA

Solvent
Control

45 (4.97)

139 (9.65)

328 (32.28)

NA

0.0021

47 (2.52)

135 (3.21)

331 (28.57)

-1

0.0040

55 (3.61)

139 (12.42)

342 (29.6)

-4

0.0069

47 (2.52)

125 (9.87)

332 (13.32)

-1

0.016

37 (3.51)

97 (6.08)

178 (32.35)*

46

0.032

34 (7.23)

61 (12.17)

96 (21.52)*

71

SD = Standard Deviation
NA = Not Applicable
a
Initial frond number per replicate was 12
* Statistically significant reduced from solvent control based on Williams' Test.

Growth Rate
The 7-day average growth rate both in the control and in the solvent control was 0.48 days-1, based on frond
density. A significant reduction in growth rate based on frond density was detected in the two highest treatments
compared to the solvent control data. Consequently, the 7-day NOEC and LOEC for growth rate based on frond
density were determined to be 0.0069 and 0.016 mg a.s./L, respectively. The 7-day day ErC10 value based on frond
density was determined to be 0.012 mg a.s./L, with 95 % confidence limits of 0.014 to 0.020 mg a.s./L. The 7-day
ErC20 value was determined to be 0.017 mg a.s./L, with 95 % confidence limits of
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0.014 to 0.020 mg a.s./L. Since no concentration resulted in ≥ 50 % reduction in growth rate based on frond density,
the 7-day ErC50 value was empirically estimated to be > 0.032 mg a.s./L.
At test termination, the average growth rate both in the control and in the solvent control was 0.42 days -1, based
on frond dry weight. A significant reduction in growth rate based on frond dry weight was detected in the highest
treatment compared to the solvent control data. Therefore, the 7-day NOEC and LOEC for growth rate based on
frond density were determined to be 0.016 and 0.032 mg a.s./L, respectively. The 7-day day ErC10 value based on
frond density was determined to be 0.024 mg a.s./L, with 95 % confidence limits of 0.018 to 0.031 mg a.s./L. Since
no concentration resulted in ≥ 20 % or ≥ 50 % reduction in growth rate based on frond dry weight, the 7-day ErC20
and ErC50 value were empirically estimated to be > 0.032 mg a.s./L.

The day 0-7 average growth rates based on frond dry weight and frond density are summarised in the table below.

Table B.9.2.7-3: Growth rate based on frond density and frond dry weight for Lemna gibba after 7 days of
exposure to benfluralin. Standard deviations are presented in parentheses.
Mean
Measured
Concentration
(mg a.s./L)

Day 0-7 Average
Growth
Rate
(days-1) based on
Frond Density

7-Day
Inhibition
of
Average
Growth
Rate
(Frond
Density)

Control

0.48 (0.02)

NA

0.42 (0.01)

NA

Solvent
Control

0.48 (0.01)

NA

0.42 (0.01)

NA

0.0021

0.48 (0.01)

0

0.42 (0.01)

0

0.0040

0.49 (0.01)

-2

0.43 (0.02)

-2

0.0069

0.49 (0.01)

-2

0.42 (0.01)

0

0.016

0.39 (0.03)*

19

0.40 (0.01)

5

0.032

0.30 (0.03)*

38

0.37 (0.03)*

12

Day
0-7
Average
Growth Rate
(days-1) based
on frond Dry
Weighta

7-Day
Inhibition of
Average
Growth Rate
(Dry Weight)

NA = Not Applicable
a
Dry weight of representative 12-frond sample at test initiation = 0.0022 g.
* Statistically significant reduced from solvent control based on Williams' Test.

Biomass and yield
The 7-day biomass (measured in dry weight) for the control and solvent control averaged 0.0386 and 0.0378 g,
respectively. A significant reduction in frond biomass was detected in the highest treatment compared to the
solvent control data and the 7-day NOEC and LOEC values for biomass was determined to be 0.016 and 0.032
mg/L, respectively. Therefore, 7-day NOEC and LOEC values for frond biomass were determined to be 0.016 and
0.032 mg a.s./L, respectively. Since no concentration resulted in ≥ 50 % reduction in biomass, the 7-day EbC50
value was empirically estimated to be > 0.032 mg/L.
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After 7 days, yield based on dry weight averaged 0.0364 and 0.0356 for the control and the solvent control,
respectively. A significant reduction in yield based on dry weight was observed in the highest treatment compared
to the solvent control data. The 7-day NOEC and LOEC was estimated to be 0.016 and 0.032 mg a.s./L,
respectively. The 7-day EyC10 based on dry weight was determined to be 0.013 mg a.s./L, with 95 % confidence
limits of 0.010 and 0.017 mg a.s./L. The 7-day EyC20 value was determined to be 0.020 mg a.s./L, with 95 %
confidence limits of 0.015 and 0.029 mg a.s./L. Since no concentration resulted in ≥ 50 % reduction in yield
(based on dry weight), the 7-day EyC50 value was empirically estimated to be > 0.032 mg a.s./L.

Yield based on frond density appeared to be a more sensitive endpoint compared to yield based on dry weight. At
test termination, the control and solvent control averaged 319 and 316 fronds, respectively. A significant reduction
in yield based on frond density was detected in the two highest treatments compared to the solvent control data.
Consequently, the 7-day NOEC and LOEC for growth rate based on frond density were determined to be 0.0069
and 0.016 mg a.s./L, respectively. The 7-day EyC10 value based on frond number was determined to be 0.0085 mg
a.s./L, with 95 % confidence limits of 0.0074 to 0.0091 mg a.s./L. The 7-day EyC20 value was determined to be
0.011 mg a.s./L, with 95 % confidence limits of 0.0094 to 0.011 mg a.s./L. The 7-day EyC50 was determined to be
0.017 mg a.s./L, with 95 % confidence limits of 0.015 to 0.021 mg a.s./L.

Biomass (dry weight) and yield (based on dry weight and frond density) after 7 days exposure are presented in the
table below.

Table B.9.2.7-4: Biomass (dry weight) and yield (based on dry weight and frond density) for Lemna gibba
after 7 days of exposure to benfluralin. Standard deviations are presented in parentheses.
Mean
Measured
Concentration
(mg a.s./L)

Biomass
after 7
exposure

Control

(g)
days

Day 0-7 Mean
Yield (Frond
density )

7-Day
Inhibition
(%)
of
Yield
(Frond
Density)

7-day
Inhibition
(%) of biomass

Day 0-7
Yield
Weight)ab

0.0386 (0.0029)

NA

0.0364 (0.0029)

NA

319 (43.31)

NA

Solvent
Control

0.0378 (0.0030)

NA

0.0356 (0.0031)

NA

316 (32.28)

NA

0.0021

0.0388 (0.0019)

-3

0.0366 (0.0019)

-3

319 (28.57)

-1

0.0040

0.0414 (0.0048)

-10

0.0392 (0.0048)

- 10

330 (29.60)

-4

0.0069

0.0400 (0.0026)

-6

0.0378 (0.0026)

-6

320 (13.32)

-1

0.016

0.0333 (0.0027)

12

0.0311 (0.0027)

13

166 (32.35)*

47

0.032

0.0279 (0.0063)*

26

0.0257 (0.0063)*

28

84 (21.52)*

73

NA = Not Applicable
a
Dry weight of representative 12-frond sample at test initiation = 0.0022 g.
b
Measurements given in grams.
* Statistically significant reduced from solvent control based on Williams' Test.

Mean
(Dry

7-Day
Inhibition
(%)
of
Yield (Dry
Weight)
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Previous conclusions
The study is acceptable.

RMS

The GLP status of the laboratory was checked and was acceptable. This study has been re-evaluated by the RMS

study

against the validity criterion in the OECD Guideline 221 (2006).

comment:



For the test to be valid the doubling time (T d) of frond number in the control must be less than 2.5 days (60
h), corresponding to approximately a seven-fold increase in seven days and an average specific growth rate
of 0.275 days-1.

To determine the doubling time (T d) of frond numbers, the following formula was used with data obtained from the
solvent control vessels:

(Td) = ln 2/µ

ln 2/0.47 = 1.48 days

where µ is the average specific growth rate. The specific growth rate was calculated with the following formula:

𝜇𝑖−𝑗 =

ln(𝑁𝑗 ) − ln(𝑁𝑖 )
𝑡

331−ln 12
7

= 0.47 days-1

where:
- μi-j : average specific growth rate from time i to j
- Ni : measurement variable in the test or control vessel at time i
- Nj : measurement variable in the test or control vessel at time j
- t : time period from i to j

The study fulfils the validity criteria in OECD Guideline 221 (2006); i.e. the doubling time of frond numbers in the
control was 1.48 days, which is less than 2.5 days. The 7-day average specific growth rate in the control was 0.47
days-1, which exceeds the required growth rate of 0.275 days-1. In this study, the concentrations of benfluralin before
renewal were only measured on day 1 and day 7 in all test solutions, opposed to the recommended measurements
before each renewal under semi-static conditions. The geometric mean concentrations are thus only based on the aged
and the fresh solutions at these sampling time points. Even if more sampling time points would have been preferable,
the RMS still finds the concentrations based on the given time points sufficient to derive reliable endpoints. In the
highest concentrations, the aged solutions were measured before each renewal, and the decline of the test substance
appears to be relatively consistent after each renewal at this dose level (table below).
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Table B.9.2.7-5: Daily measurements of benfluralin in the highest treatment level in a 7-day static-renewal
exposure with Lemna gibba.
Nominal
Concentration
(mg a.s./L)

Measured Concentration (mg/L)
Day 1
(new)

Day 1
(aged)

Day 2
(new)

Day 2
(aged)

Day
3
(new)

Day 3
(aged)

Day
4
(new)

Day 4
(aged)

Day 5
(new)

Day 5
(aged)

0.066

0.060

0.020

0.062

0.024

0.054

0.018

0.059

0.019

0.063

0.014

It also has to be mentioned that the culture used to inoculate the definitive test was maintained at a lower light intensity
(4200 to 6700 lux) prior to the test than the light intensity maintained during the test period. This is thought to have
no considerable impact on the test results. Apart from these deviations, the study seems to be well conducted and in
accordance with the test guideline. The study is considered acceptable.
Agreed

ErC50 (Lemna Gibba, 7 d) > 0.032 mg a.s./L

endpoints:

EyC50 (Lemna Gibba, 7 d) = 0.017 mg a.s./L (based on frond density)

B.9.2.8 Further testing on aquatic organisms

CA 8.2.8/01
Reference:
Report No.:
Guideline:
GLP:
Acceptability:
Previous evaluation:
Material and methods:
Test material:

(2017) Benfluralin – Modified Early Life-Stage Toxicity Test with
Rainbow Trout (Oncorhynchus mykiss)
, Report No. 12791.6256
Modified protocol of the following guidelines: OECD Guideline 210, OCSPP
850.1400 and ASTM Designation E: 1241-05
Yes
Acceptable
Submitted for the purpose of renewal
Benfluralin technical

Lot/Batch No:

11/2006

Purity:

96.5 % w/w

Species:

Oncorhynchus mykiss, rainbow trout

Test media:

Laboratory well water

Treatments:

Nominal concentrations:
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Day 0: 6.8, 10, 15, and 23 µg a.s./L
Day 1: 5.0, 7.7, 11, and 17 µg a.s./L
Day 2: 4.4, 6.7, 10, and 16 µg a.s./L
Day 4: 3.7, 5.6, 8.4, and 13 µg a.s./L
Day 7: 3.4, 5.0, 7.4, and 11 µg a.s./L
Day 14: 3.1, 4.7, 7.0, and 11 µg a.s./L
Day 21: 2.8, 4.2, 6.4, and 9.5 µg a.s./L
Day 28: 0.36, 0.48, 0.60, and 1.0 µg a.s./L
Day 42 and 49: 0.0 µg a.s./L for all treatment levels
Corresponding to measured concentrations:
Day 0: 4.9, 9.2, 12, and 19 µg a.s./L
Day 1: 3.5, 5.2, 8.3, and 13 µg a.s./L
Day 2: 4.5, 6.2, 9.0, and 13 µg a.s./L
Day 4: 3.2, 5.0, 7.5, and 10 µg a.s./L
Day 7: 2.7, 3.7, 6.2, and 9.4 µg a.s./L
Day 14: 2.8, 3.9, 6.2, and 9.2 µg a.s./L
Day 21: 2.5, 3.5, 5.1, and 8.3 µg a.s./L
Day 28: 0.22, 0.38, 0.48, and 0.77 µg a.s./L
Day 42: 0.016, 0.024, 0.072, and 0.088 µg a.s./L
Day 49: 0.027, 0.017, 0.035, and 0.11 µg a.s./L
Controls:

Dilution water control

Replication:

4 replicates per treatment level and control, 25 larvae/replicate

Type of test:

49 days flow-through

Exposure:

Each glass aquaria was 14.5 x 30 x 20 centimetres and filled with approximately
6.5 L of the test solution. Wet weight at exposure termination in the control
averaged 0.4951 gram. During the 49-day post-swim up exposure period, biomass
loading based on control organism wet weight at test termination, did not exceed
0.19 g/L under the exposure’s flow-through conditions or 1.9 g/L at any time in any
replicate exposure aquarium. The larvae were fed with live brine shrimp nauplii
(Artemia salina), 24-hour post-hydration, three times daily. Larvae were not fed
during the 24 hours prior to study termination. The test substance was dosed with a
saturator column made of glass and Teflon. The glass column was packed with glass
wool, and then coated with the test substance through a highly concentrated acetone
solvent stock solution. The column was designed to provide a constant flow of
saturated aqueous solution without the use of a carrier solvent. During the course of
the test, the flow from the reservoir chamber was manipulated to achieve a decline
in test concentrations in the test aquaria over time. The diluter system delivered the
control and exposure solutions to the exposure aquaria at a rate sufficient to provide
approximately 10 aquarium volumes per 24-hour period, with a 90 % replacement
time of approximately 5 hours.

Test conditions:

Temperature in test solution: 11–16 °C
Photoperiod: 12:12 h
Light intensity: 340–540 lux
pH: 6.6–7.0
Water hardness: 70–80 mg/L (as CaCO3)
Alkalinity: 20–23 mg/L (as CaCO3)
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Conductivity: 410–500 µS/cm
Dissolved oxygen: 8.6–13 mg/L (approximately 80–120 % of air saturation)
Observations:

Water
measurements:

Following exposure initiation, daily observations were recorded on larval fish
mortality, behavior and appearance. All lethal and sublethal observations were
recorded, and if obvious mortality occurred in any of the exposure aquaria, a
thorough search for dead fish was made. The number of live fish in each aquarium
was estimated each day throughout the exposure. At 49 days from initiation, larval
survival, total length, wet weight and dry weight were determined for the remaining
fish. Juvenile fish were measured and weighed individually to the nearest 0.01 mm
and 0.1 mg, respectively
quality

Dissolved oxygen concentration, pH and temperature were measured in all aquaria
on day 0. Daily thereafter, these parameters were measured in a single replicate of
each concentration and the control; replicates were successively alternated each day
(A, then B, then C, etc.). Total hardness, total alkalinity and conductivity were
measured weekly in one replicate of the control, low and high test concentrations;
replicates were successively alternated approximately each week. Test solution
temperature was continuously monitored in replicate A of the control aquarium.

Chemical analysis:

During the in-life phase of the definitive study, exposure solution samples from one
replicate of each concentration and control were taken at exposure initiation (day 0)
and subsequently on test days 1, 2, 4, 7, 14, 21, 28, 42, and 49 for test substance
concentration determination. Replicates were successively alternated each week
(A, then B, then C, etc.). All exposure solutions and QC samples were analysed for
benfluralin using automated injection gas chromatography using electron capture
detection (GC/µECD).

Data analysis:

Analyses were performed using the mean organism response in each replicate
aquarium rather than individual response values. Data for percent survival were
non-monotonic, and were thus analysed using Fisher’s Exact Test with BonferroniHolm’s Adjustment. Growth data (total length, wet weight and dry weight) met the
assumptions for normal distribution and homogeneity of variance. In addition, as
these data neither were non-monotonic, the Dunnett’s Multiple Comparison Test
was used to determine treatment effects for these endpoints. Due to the nonmonotonic response in the growth endpoints for this study, an analysis of covariance
(ANCOVA) was performed to evaluate the effects of survival on the observed
growth response (i.e. total length, wet weight, and dry weight). ECx conditions were
not met for survival or growth at termination.

Results:
Analytical measurements
The initial nominal concentrations of 6.8, 10, 15, and 23 µg a.s./L corresponded to initial measured concentrations
of 4.9, 9.2, 12, and 19 µg a.s./L, respectively. Test concentrations were generally close to nominal throughout the
exposure and flow adjustments allowed a gradual decrease in benfluralin concentration. The measured
concentrations of benfluralin are summarised below.
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Table B.9.2.2-3: Analytical measurements of benfluralin in a 49-day modified early life-stage study with rainbow trout (Oncorhynchus mykis).
Benfluralin Concentration (µg a.s./L)
Day*
0
1
2
4
7
11
14
16
18
21
23
25
27
28
31
34
37
40
42
49
*
**

Low

Low-Mid

Mid-High

High

Nominal

Measured

Nominal

Measured

Nominal

Measured

Nominal

Measured

6.8
5.0
4.4
3.7
3.4
3.2
3.1
3.0
2.9
2.8
2.0
1.8
0.72
0.36
0.28
0.21
0.13
0.051
0.00
0.00

4.9
3.5
4.5
3.2
2.7
2.8
2.5
0.22
0.016
0.027

10
7.7
6.7
5.6
5.0
4.9
4.7
4.6
4.4
4.2
3.1
2.0
1.0
0.48
0.38
0.27
0.17
0.069
0.00
0.00

9.2
5.2
6.2
5.0
3.7
3.9
3.5
0.38
0.024
0.017

15
11
10
8.4
7.4
7.3
7.0
6.8
6.7
6.4
4.7
3.1
1.4
0.60
0.47
0.34
0.21
0.086
0.00
0.00

12
8.3
9.0
7.5
6.2
6.2
5.1
0.48
0.072
0.035

23
17
16
13
11
11
11
10
10
9.5
7.1
4.6
2.2
1.0
0.75
0.55
0.34
0.14
0.00
0.00

19
13
13
10
9.4
9.2
8.3
0.77
0.088
0.11

Sampling days are bolded.
NA = Not Applicable. Toxicant delivery was terminated on day 40. Flow rate is not applicable for test days 42 and 49.

Flow Rate to
Mixing
Chamber
(mL/min)
167
123
116
94
80
80
80
72
72
69
51
33
16
7.2
5.4
4.0
2.5
1.0
NA**
NA**
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Survival
The exposure was terminated at 49 days post swim-up for all treatments and the control, with the exception of the
19 µg a.s./L treatment, which was terminated at 13 days post swim-up. At this point in the exposure, approximately
20 % of the fish in this treatment level had been euthanized on welfare grounds because of toxicant-related effects
(i.e., lethargy, partial loss of equilibrium). Survival at termination in the control averaged 93 %. Survival at
termination in the 4.9, 9.2, 12, and 19 µg a.s./L treatment levels averaged 100, 95, 99, and 0 %, respectively. A
significant reduction in survival was determined among organisms exposed to the 19 µg a.s./L treatment compared
to the control. Therefore, the NOEC and LOEC for survival were determined to be 12 and 19 µg a.s./L initial
measured, respectively. At test termination, all surviving fish were observed to be normal with no physical or
behavioural abnormalities. No information is given about the behaviour of the fish earlier during the test. Survival
data is summarized in table 9.2.2-4.

Length
At the end of the exposure, total length of the control fish averaged 39.54 mm. The mean total length of larvae
exposed to the 4.9, 9.2 and 12 µg a.s./L treatment levels was 38.44, 39.12 and 38.54 mm, respectively. As the highest
concentration (19 μg a.s./L) was terminated at day 13 of the exposure, the total length endpoint analysis was not
applicable. A significant reduction in total length at exposure termination were determined in the 4.9 and 12 µg
a.s./L treatment levels as compared to the control with Dunnet`s Multiple Comparison Test. Based on the very low
magnitude of effect at 4.9 and 12 μg a.s./L (2.8 % and 2.5 %, respectively); the lack of a concentration response in
the middle treatment level (9.2 μg a.s./L); the very low variability within and amongst replicates; and a negative
significant correlation between survival and length (-0.799, p-value: < 0.001), an ANCOVA analysis was conducted
to determine if the biological variability in percent survival had an effect on growth. This analysis demonstrated that
the slight, non-monotonic growth responses in the 4.9 and 12 μg a.s./L treatment levels were no longer significant
(p-value: 0.471) when analysed with survival as a co-variate (p-value: 0.023). Length data is summarised in table
9.2.2-4.

Wet weight
At the end of the exposure, total wet weight of the control fish averaged 0.4951 g. Wet weight at exposure
termination in the 4.9, 9.2, and 12 μg a.s./L treatment levels averaged 0.4542, 0.4838, and 0.4702 g, respectively.
As the highest concentration (19 μg a.s./L) was terminated at day 13 of the exposure, the wet weight endpoint
analysis was not applicable. Dunnett's Multiple Comparison Test determined a significant reduction in wet weight
at exposure termination in the 4.9 μg a.s./L treatment level compared to the control. Based on the low magnitude of
the effect at 4.9 μg a.s./L (8.3 %); the lack of a concentration response in the two higher treatment levels (9.2 and
12 μg a.s./L); the very low variability within and amongst replicates; and a negative significant correlation between
survival and wet weight (-0.809, p-value < 0.001), an ANCOVA analysis was conducted to determine if the
biological variability in percent survival had an effect on growth. This analysis demonstrated that the slight, non-
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monotonic growth response in the 4.9 μg a.s./L treatment level was no longer significant (p-value: 0.730) when
analysed with survival as a co-variate (p-value: 0.012). Wet weight data is summarised in table 9.2.2-4.

Dry weight
Dry weight at exposure termination in the control averaged 0.0857 g. Dry weight at exposure termination in the 4.9,
9.2, and 12 μg a.s./L treatment levels averaged 0.0787, 0.0846, and 0.0824 g, respectively. As the highest
concentration (19 μg a.s./L) was terminated at day 13 of the exposure, the analysis of this endpoint was not
applicable. Dunnett's Multiple Comparison Test determined a significant reduction in dry weight at exposure
termination in the 4.9 μg a.s./L treatment level compared to the control (0.0857 g). Based on the low magnitude of
effect at 4.9 μg a.s./L (8.2 %); the lack of a concentration response in the two higher treatment levels (9.2 and 12 μg
a.s./L); the very low variability within and amongst replicates; and a negative significant correlation between
survival and dry weight (-0.803, p-value <0.001), an ANCOVA analysis was conducted to determine if the biological
variability in percent survival had an effect on growth. This analysis demonstrated that the slight, non-monotonic
growth responses in the 4.9 μg a.s./L treatment level was no longer significant (p-value: 0.587) when analysed with
survival as a co-variate (p-value: 0.011). Dry weight data is summarised in the table 9.2.2-4.

Table B.9.2.2-4: Summary of survival and growth of rainbow trout (Oncorhynchus mykis) exposed to
benfluralin for 49 days in a modified early life-stage study. Standard deviations are presented in parentheses.
Initial Measured
Concentration
(μg a.s./L)

Control

4.9

9.2

Replicate

Survival (%)

Total
(mm)

A

92

B

Length

Wet Weight (g)

Dry Weight (g)

39.51 (2.70)

0.5160 (0.1022)

0.0868 (0.0179)

92

40.07 (2.21)

0.5069 (0.0964)

0.0894 (0.0178)

C

100

39.02 (1.97)

0.4683 (0.0667)

0.0811 (0.0124)

D

88

39.53 (2.26)

0.4893 (0.0841)

0.0855 (0.0152)

Mean

93 (5)

39.54 (0.43)

0.4951 (0.0210)

0.0857 (0.0035)

A

100

38.31 (3.06)

0.4535 (0.0976)

0.0774 (0.0185)

B

100

38.21 (1.97)

0.4328 (0.0595)

0.0754 (0.0108)

C

100

38.82 (1.54)

0.4661 (0.0670)

0.0815 (0.0118)

D

100

38.42 (1.98)

0.4646 (0.0705)

0.0805 (0.0136)

Mean

100 (0)

38.44* (0.27)

0.4542* (0.0154)

0.0787* (0.0028)

A

92

39.34 (2.44)

0.4839 (0.0935)

0.0846 (0.0200)

B

92

39.68 (1.12)

0.5112 (0.0435)

0.0889 (0.0087)

C

100

38.26 (2.17)

0.4554 (0.0848)

0.0794 (0.0155)

D

96

39.19 (1.58)

0.4849 (0.0548)

0.0857 (0.0102)

Mean

95 (4)

39.12 (0.61)

0.4838 (0.0228)

0.0846 (0.0039)
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Initial Measured
Concentration
(μg a.s./L)

12

19

Replicate

Survival (%)

Total
(mm)

A

100

B

Length

Wet Weight (g)

Dry Weight (g)

37.75 (2.77)

0.4411 (0.1088)

0.0772 (0.0200)

96

38.69 (2.11)

0.4862 (0.0727)

0.0850 (0.0123)

C

100

38.67 (1.95)

0.4788 (0.0750)

0.0842 (0.0132)

D

100

39.06 (2.02)

0.4748 (0.0853)

0.0831 (0.0145)

Mean

99 (2)

38.54* (0.56)

0.4702 (0.0200)

0.0824 (0.0035)

A

0

NA

NA

NA

B

0

NA

NA

NA

C

0

NA

NA

NA

D

0

NA

NA

NA

Mean

0 (0)**

NA

NA

NA

* Significantly reduced compared to the control, based on Dunnett’s Multiple Comparison Test. A lack of a dose response was observed in the
middle treatment level (9.2 μg a.s./L) for length and the 9.2 and 12 μg/L treatment levels for wet and dry weight. Low variability was also
observed within and between all replicates. An ANCOVA analysis demonstrated that the slight, non-monotonic growth responses in the 4.9 and
12 μg/L treatment levels were no longer significant when analysed with survival as a co-variate. The arcsine square-root was used to transform
the survival data based on the recommendation in Annex 6 of the OECD 210 Guideline. Therefore, the NOEC and LOEC for all growth endpoints
were determined to be 12 and >12 μg/L, respectively.
** Significantly reduced compared to the control, based on Fisher’s Exact Test with Bonferroni-Holm’s Adjustment.
NA = Not Applicable

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD Guideline 210 (2013).
For a test to be valid following criteria should be fulfilled:


The dissolved oxygen concentration should be > 60 % of the air saturation value
throughout the test.



The water temperature should not differ by more than ± 1.5 °C between test
chambers or between successive days at any time during the test, and should be
within the temperature ranges specified for the test specie.



The analytical measure of the test concentrations is compulsory.



Overall survival of fertilized eggs and post-hatch success in the controls and, where
relevant, in the solvent controls should be greater than or equal to 75 %.

The study does not fulfil the validity criteria in OECD 210; i.e. the water temperature
differed more than ± 1.5 °C between test chambers or between successive days at any time
during the test and was higher than the temperature ranges specified for the species. All
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aquaria were placed in water baths containing circulating water designed to maintain the test
solution temperatures at 12 ± 1.5 ºC. On day 30, a power failure of the diluter system caused
the temperature control devices to shut down. As a result, all temperatures were measured at
14.2 ºC on this day, and the minimum/maximum thermometer measured a temperature range
of 14.8 to 16.3 ºC. The issue was resolved within four hours of the malfunction. After the
power supply was repaired, all water quality parameters were re-measured to verify that the
temperature was maintained in the desired range. In the study report, it is stated that no signs
of stress or drastic changes in fish behaviour were observed during the deviation or during
re-acclimation and that control survival at test termination was within acceptable limits. The
temperature incline is thus thought to have no impact on the test results or interpretation of
the study.
It is also noted that the mean water temperature was above the recommended temperature
for rainbow trout in OECD 210, but within the desired range stated in the study protocol. It
is possible that the particular strain was adapted to higher temperatures than the temperatures
given in OECD 210, as referred to in Annex 2 in the test guideline.

The mean total length of the control fish was 39.54 mm, which is slightly below the typical
minimum length of this species, referred to in Annex 2 in OECD 210 as 40 mm. According
to the test guideline, deviations below this length should be carefully examined in relation
to the sensitivity of the test.
The study was initiated after hatching, with free-feeding “swim-up” rainbow trout larvae
(approximately day 9 post-completion of hatch). In OECD 210 it is stated that the test should
start as soon as possible after the eggs have been fertilized and preferably being immersed
in the test solutions before cleavage of the blastodisc commences, or as close as possible
after this stage. Consequently, it might be questioned if the potentially most sensitive life
stages have been covered in the study. The timing of the test initiation could potentially have
a major impact on the test results.

Exposure scenario
According to EFSA Aquatic Guidance Document9, the exposure profile in a modified study
should be deduced from the relevant field exposure scenarios and the relevant intended
agricultural use of the representative formulation. The applicant has submitted a long and
detailed report10 with data required for linking aquatic exposure and effects, in accordance
9

EFSA PPR Panel (EFSA Panel on Plant Protection Products and their Residues) (2013). Guidance on tiered risk assessment for plant protection
products for aquatic organisms in edge-of-field surface waters. EFSA Journal 2013;11(7):3290, 268 pp. doi:10.2903/j.efsa.2013.3290.
10

Mamouni A. and Jarvis T. (2017). Analysis of FOCUS Surface Water Exposure Patterns Following Application to Leafy Vegetables Crop to
Determine Refined Test Concentrations for use in higher tier studies. Exponent International Ltd., Report Number 1507382.UK0 - 0225.
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with principles described by Brock et al. (2007)11. The aim of the report was to analyse the
predicted exposure pattern in edge of field waterbodies with respect to the magnitude,
duration of, and time between exposure events above threshold concentration corresponding
to the lowest non observed effect concentration to aquatic organisms with a safety factor of
10 (RACch;tier1 of 0.19 µg a.s./L – see CA 8.2.2.1/01,

(1990)). Note that the RAC

value has been changed after Pesticides Peer Review 183, the new RAC value is RACch;tier1
of 0.13 µg a.s./L – see CA 8.2.2.1/01,

(1990). The program EPAT (Exposure

Pattern Analysis Tool) was used to analyse how often benfluralin concentrations are above
the RACch;tier1 and how long it is expected to remain above this threshold in the relevant
FOCUS Step 3 scenarios. The worst case maximum peaks values exceeding this
concentration from all events of all relevant scenarios were then all plotted together in order
to derive a set of worst case exposure profiles based on spray drift as well as drainage and
run-off (figure 9.2.2-1). The PECsw peaks were then used to delineate an exposure regime
for a higher tier study. Although the duration of each event is very short, a worst case
approach was selected by considering a constant maximum range of all events and of all
scenarios for benfluralin peak concentrations in water. This is considered as a more severe
exposure than a pulsed-dose (peaks returning to zero before peaking again) regime. The
desired decline of benfluralin in the modified ELS study compared to the predicted worst
case decline based on Step 3 modelling is presented in figure 9.2.2-2.
Figure B.9.2.2-1: Maximum PECsw events above 0.19 µg a.s./L from all scenarios (red
curve corresponds to the maximum concentration fitting)

LNOEC10 = Lowest no observed effect concentration to aquatic organisms with a safety factor of 10 (= 0.19 μg
a.s./L). After Pesticides Peer Review meeting 183, the lowest RAC has been changed to 0.13 μg a.s./L based on the
LC10;LL = 1.3 μg a.s./L from the study be
(1990).

11

Brock, C.M., Alix, A., Brown, C.D., Capri, E., Gottesbeuren, B.F., Heimbach, F., et al. (2007). Linking Aquatic Exposure and Effects in the
Risk Assessment of Plant Protection Products. EU & SETAC Workshop ELINK. Bari, Italy & Wageningen, Netherlands.
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Figure B.9.2.2-2: Comparison of FOCUS Maximum range of PECsw concentration
with the concentrations tested in Marini, 2017 study

LNOEC10 = Lowest no observed effect concentration to aquatic organisms with a safety factor of 10 (= 0.19 μg
a.s./L). After Pesticides Peer Review meeting 183, the lowest RAC has been changed to 0.13 μg a.s./L based on the
LC10;LL = 1.3 μg a.s./L from the study be
(1990).

The predicted worst-case dissipation pattern of benfluralin based on Step 3 concentrations
seems to be covered with a high margin of safety by the decline in the modified ELS study.
For further details on the fate evaluation of the report and the FOCUS surface water
modelling, see Vol 3.B.8 (CP), Environmental fate and behaviour.

Updated surface water modelling was submitted after the peer review. The concentrations
has been mariginally altered and it is not expected that the new modelling will have a
significant impact on the fate profiles described above.

RMS conclusions
The dose-response relationship in the test was non-monotonous with significant effects on
length, wet weight and dry weight only at the lowest dose. No effects were seen at the second
lowest dose, while a significant reduction in length was observed at the second highest dose
(only 2.5 % reduction). At this dose, a weak reduction of 5 and 3.9 % were also seen on wet
weight and dry weight, respectively, although the reductions not were statistically
significant. The non-monotonous responses, the lack of significant effects at the second
lowest dose, and the weak significant effect only seen at length in the 12 µg a.s./L treatment
level makes the RMS suggest that the observed effects on growth in this study can not be
considered biologically relevant.
However, the RMS is hesitant to use the endpoint of 12 µg a.s./L in the risk assessment of
the following reasons:

RMS: NO
Co-RMS: NL

- 158 Benfluralin
Annex B.9 (AS): Ecotoxicology



The earliest life stages (eggs and alevin) were not covered.



Although no unequivocal biologically relevant effects on growth could be
distinguished, there still are indications that growth also was affected in this study.
In addition, the proposed NOEC (12 µg a.s./L) is next to the dose were excessive
toxicity and mortality were seen (19 µg a.s./L). An acceptance of this endpoint
would probably implicate a substantially decreased margin of safety before
excessive toxicity and mortality would appear.

Due to these uncertainites, the RMS will not use the proposed endpoint in the risk
assessment. The study is considered supplementary.

During Pesticides Peer Review meeting 183, it was discussed whether this study can be used
in the refined risk assessment. It was noted that in this study the NOEC was set at 12 µg
a.s./L (initial value). However, the RMS did not accept the use of this study for the risk
assessment, as the exposure started later (9 days after hatching) than what is expected in an
ELS study.
The experts agreed with the approach taken by the RMS.

B.9.3 Effects on arthropods

B.9.3.1 Effects on bees

Table 9.3.1-1:
Test species

Honeybee
Apis mellifera

Summary of toxicity of benfluralin to honey bees
Test system

Test substance Endpoint

48h acute oral
toxicity test
Benfluralin
48h acute contact
toxicity test

LD50 (oral)
LD50 (contact)

Results

Reference

>110.7 µg a.s/bee

CA 8.3.1.1/01
Schmitzer (2002)

>100 µg a.s/bee

CA 8.3.1.1/02
Schmitzer (2002)

Endpoints in bold have been considered in the risk assessment

B.9.3.1.1 Acute oral and contact toxicity to bees
CA 8.3.1.1/01
Reference:

Schmitzer, S. (2002) Laboratory Testing for Toxicity (Acute Contact and Oral) of
Benfluralin Technical on Honey Bees (Apis mellifera L.).
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Company Report No.:

13263035

Guideline:

EPPO 170 and ICPBR Group recommendations, Avignon, France (1999)

GLP:

Yes

Acceptability:

The study is still considered valid and acceptable for use in the risk assessment

Previous evaluation:

In DAR (2007)

Material and methods:
Test substance:

benfluralin technical, chemical purity: 96.7 %, batch n°: 650/01

Test species:

honeybee (Apis mellifera carnica), 4 – 6 week old females

Number of organisms:

5 replicates/treatment each containing 10 bees in the oral toxicity test
5 replicates/treatment each containing 10 bees in the contact toxicity test

Type of test:

acute oral (48 h) and contact (48 h) toxicity test

Applied concentrations:

Oral test : solvent control (acetone/syrup); positive control (0.27 µg dimethoate/bee);
110.7 µg a.s./bee
Contact test : control (water); solvent control (acetone); positive control (0.20 µg
dimethoate/bee); 100.0 µg a.s./bee

Exposure route:

Oral test : ca. 25 mg of benfluralin contaminated food (1 part test item/toxic standard
in solvent + 19 parts syrup) was offered in syringes which are weighed before and
after introduction into the cages (duration of uptake lasted 6 hours)
Contact test : a single 5 µL of benfluralin in the solvent acetone placed on the ventral
bee thorax using a micro-syringe; for the control one 5 µL droplet of the solvent
acetone was used

Feeding:

commercial syrup (30 % saccharose, 31 % glucose, 39 % fructose)

Test conditions:

Oral test : 25 °C, 60 – 65 % relative humidity
Contact test : 25 °C, 60 – 65 % relative humidity

Results and previous conclusion:
In the oral toxicity test 1 of 50 bees (2.0 %) died at the test concentration of 110.7 µg a.s./bee. In the contact toxicity
test 1 of 50 bees (2.0 %) died in the control, the solvent control and at the test concentration of 100.0 µg a.s./bee.
No behavioural abnormalities were observed in the oral or the contact toxicity test. The positive control showed
acceptable results.
The study is acceptable.
Endpoints :
LD50 (Apis mellifera, 48 h) oral > 110.7 µg a.s./bee
LD50 (Apis mellifera, 48 h) contact > 100.0 µg a.s./bee

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria in the OECD guideline 213 (1998) and
214 (1998).
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For a test to be valid following criteria should be fulfilled:
- the average mortality for the total number of controls must not exceed 10 per cent at the
end of the test.
- the LD50 of the toxic standard meets the specified range.

The control mortality was 0 % (solvent control), 2 % (solvent control and water control)
after 48 hours in the oral test and contact test, respectively.
The reference item dimethoate led to 100 % mortality and 96 % mortality in the contact and
oral test, respectively. The dosage of the toxic standard was 0.20 µg dimethoate/bee in the
contact test and 0.27 µg dimethoate/bee in the oral test. The specific range for dimethoate is:
oral LD50 (24h) of 0.10-0.35 µg/bee and contact LD50 (24h) of 0.10-0.30 µg/bee.

The study is considered valid and acceptable for use in the risk assessment
Agreed endpoints:

LD50 (Apis mellifera, 48 h) oral > 110.7 µg a.s./bee
LD50 (Apis mellifera, 48 h) contact > 100.0 µg a.s./bee
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B.9.3.1.2 Chronic toxicity to bees
No chronic toxicity data for bees with the active substance has been submitted.
During peer review, a data requirement was set for a chronic toxicity study on bees. No study was submitted by the
applicant, and the applicant argue that no study is needed. The applicant provided the following argumentation (text
in italic):
The applicant would like to note that no chronic exposure of bees is anticipated as exposure to benfluralin will be
only short term because the substance is non-systemic and is incorporated in soil. The applicant would also like to
point out that EFSA 2013 guidance has not been noted yet and should not be considered for the evaluation of this
dossier. Therefore, the risk assessment for chronic effects and effects on larvae development of honeybees should
not be conducted in line with this Guidance Document.

RMS note that the data requirement has not been fulfilled.

B.9.3.1.3 Effects on honeybee development and other honeybee life stages
No larvae toxicity data for bees with the active substance has been submitted.
During peer review, a data requirement was set for a larvae toxicity study on bees. No study was submitted by the
applicant, and the applicant argue that no study is needed. The applicant provided the following argumentation (text
in italic):
The applicant would like to note that no chronic exposure of bees is anticipated as exposure to benfluralin will be
only short term because the substance is non-systemic and is incorporated in soil. The applicant would also like to
point out that EFSA 2013 guidance has not been noted yet and should not be considered for the evaluation of this
dossier. Therefore, the risk assessment for chronic effects and effects on larvae development of honeybees should
not be conducted in line with this Guidance Document.

RMS note that the data requirement has not been fulfilled.

B.9.3.1.4 Sub-lethal effects
No data on sub-lethal effects of the active substance to bees has been submitted.

B.9.3.2 Effects on non-target arthropods other than bees
Studies on the effects on non-target arthropods other than bees are evaluated in Vol 3, CP, B.9.

RMS: NO
Co-RMS: NL

- 162 Benfluralin
Annex B.9 (AS): Ecotoxicology

B.9.4 Effects on non-target soil meso- and macrofauna

Table 9.4-1: Summary of earthworm toxicity data on benfluralin
Timescale
Test species
Test substance
Endpoint
(Test type)
14 day, acute
Eisenia foetida
Benfluralin
LC50 = > 1000 mg a.s./kg soil d.w.
toxicity test

Reference

Eisenia foetida

trifluralin
14 day, acute
metabolite TR-4 toxicity test

CA 8.4.1/01
Lührs, 2002
LC50 = 186 mg trifluralin metabolite TR- CA 8.4.1/02
4/kg substrate
Hayward J.C., 2003a

Eisenia foetida

benfluralindiamine

LC50 = 360 mg benfluralin diamine/kg CA 8.4.2/01
soil d.w.
Hughes, C.,2005

14 day, acute
toxicity test

Acute earthworm toxicity studies with benfluralin, the metabolite benfluralin-diamine, and the trifluralin metabolite
TR-4 were previously submitted and summarized in the original DAR Volume 3 Ecotoxicology and in the
Addendum to the DAR (Sept 2007). Although acute earthworm toxicity studies are no longer a data requirement
according to Regulation (EU) No. 283/2013, a summary is provided below for reference.

According to Regulation (EU) No. 283/2013, data on sub-lethal effects on earthworms are required. However, no
sub-lethal earthworm toxicity study with the active substance benfluralin has been submitted. A sub-lethal study
with the formulation EF-1533 is, however, available (see Volume 3 (PPP)). Based on the comparable acute toxicity
of benfluralin (see study summarized below) and the formulation EF-1533 (see study summarized in Volume 3
(PPP), Section B.9.7.1) to earthworms, it is considered that a sub-lethal study with EF-1533 provides enough
information to perform a protective risk assessment on sub-lethal effects of benfluralin to earthworms.
.
CA 8.4.1/01
Reference:

Lührs U. (2002a) Acute Toxicity (14 Days) of Benfluralin Technical to the
Earthworm Eisenia fetida in Artificial Soil

Company Report No.:

13261021

Guideline:

OECD Guideline 207 (1984): Earthworm, Acute Toxicity Tests, ISO 11268-1 (1993)

GLP:

Yes

Previous evaluation:

In DAR (2007); not relevant for renewal application

Material and methods:
Test substance:

Benfluralin technical, chemical purity: 96.7 %, batch n°: 650/01

Test species:

Eisenia fetida

Number of organisms,

4 replicates/treatment each with 10 earthworms, 300 – 600 mg,

weight, age:

ca. 5 months, with clitellum

Type of test:

14 days acute laboratory test

Applied concentrations:

control (water); positive control (2-chloroacetamide); 63, 125, 250, 500 and 1000 mg
a.s./kg substrate. The test substance was mixed with the artificial soil substrate.

Soil

type

conditions:

and

test

test substrate : 69.5 % fine quartz-sand, 20 % kaolin clay, 10 % spaghnum peat, 0.5
% chalk (CaCO3)
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water content : 33.4 – 36.4 % (at start), 33.4 – 35.6 % (at end) of soil dry weight
pH : 5.8 – 5.9 (at start), 5.5 (at end)
temperature : 19 – 20 °C
light regime : continuous
light intensity : 401 – 800 lux
Results:
Mortality: No mortalities were observed in the control or in any of the treatment groups after 14 days of exposure.
Behavioural observations: No behavioural effects were observed.
Body weight: A significant decrease in body weight was found at the treatment level of 125 mg a.s./kg substrate and
higher.
Previous conclusion:
The study is acceptable.
Endpoints:
LC50 (Eisenia fetida, 14 d) > 1000 mg a.s./kg substrate
NOEC (Eisenia fetida, 14 d) = 63 mg a.s./kg substrate

CA 8.4.1/02
Reference:

Hayward J.C. (2003a) Trifluralin Metabolite TR-4: 14 Day Soil Exposure Acute
Toxicity Study in the Earthworm Eisenia foetida.

Company Report No.:

031065 CEMR-2082

Guideline:

OECD Guideline 207 (1984) : Earthworm, Acute Toxicity Tests

GLP:

Yes

Previous evaluation:

In DAR (2007) ; not relevant for renewal application

Material and methods:
Test substance:

trifluralin metabolite TR-4, chemical purity: 100 %, batch number: TSN104126

Test species:

Eisenia fetida

Number of organisms,

4 replicates/treatment each with 10 earthworms, 378 – 428 mg,

weight, age:

6 – 7 months old

Type of test:

14 days acute laboratory test

Applied concentrations:

control (water); positive control (2-chloroacetamide); 32, 56, 100, 180, 320 mg
trifluralin metabolite TR-4/kg substrate
The test substance was first dissolved with acetone, air dried onto sand and afterwards
well mixed with the artificial soil substrate.

Soil

type

conditions:

and

test

test substrate : 70 % fine quartz-sand, 20 % kaolin clay, 10 % spaghnum peat, CaCO3
water content : 35 % of soil dry weight
pH : 5.81 – 5.94 (at start), 5.80 – 5.87 (at end)
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temperature : 20.5 – 21.0 °C
light regime : continuous
light intensity : 592 – 745 lux
light intensity : 401 – 800 lux
Results:
Mortality: No mortalities were observed in the control or in the treatment groups up to 100 mg/kg substrate.
Mortality rates at the treatment levels of 180 and 320 mg/kg substrate were 45 % and 100 % respectively.
Sublethal effects: At 180 mg/kg substrate, 86 % of the surviving earthworms exhibited yellow secretion, 64 % were
emaciated and 32 % were truncated.
Body weight: Statistical significant reduction in body weight occurred at 180 mg/kg substrate.
Previous conclusion:
The study is acceptable. As RMS, we consider that no major metabolite is formed under aerobic conditions and that
anaerobic conditions in soil are very unlikely to be a realistic exposure. However, the applicant submitted studies
with a metabolite which are not necessarily required by the Directive. A study was submitted with the metabolite
TR-4 which was considered as a surrogate for the metabolite B36. Structurally, TR-4 is very similar to B36, with
only slight differences in the lengths of the two alkyl substituents of the tertiary amine group: two propyl chains in
the case of TR-4, compared with one ethyl and one butyl chain for B36. The metabolite B36 is formed under
anaerobic conditions.

Figure B.9.4-1 : Metabolite B36

CH2CH2CH2CH3

CH3CH2
N

NO2

H2N

B36
(minor)

CF3

Endpoints:
LC50 (Eisenia foetida, 14 d) = 186 mg trifluralin metabolite TR-4/kg substrate
NOEC (Eisenia foetida, 14 d) = 100 mg trifluralin metabolite TR-4/kg substrate (based on mortality and biomass)

CA 8.4.2/01
Reference:

Hughes, C. (2005) Benfluralin Diamine : Acute Toxicity Test with the Earthworm,
Eisenia fetida.

Company Report No.:

050326

Guideline:

OECD Guideline 207 (1984) : Earthworm, Acute Toxicity Tests

RMS: NO
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GLP:

Yes

Previous evaluation:

In Addendum to DAR (2007) ; not relevant for renewal application

Material and methods:
Test substance:

benfluralin diamine (soil metabolite of benfluralin), chemical purity : 98 %,
batch number : F1198-023

Test species:

Eisenia fetida

Number of organisms,

4 replicates per treatment each with 10 earthworms, adults with clitellum, 300 – 538

weight, age:

mg body weight at test initiation

Type of test:

14 days acute laboratory test

Test substrate:

artificial soil (70 % industrial silica sand, 20 % kaolinite clay, 10 % sphagnum peat),
CaCO3 was added to adjust the pH to 6.0 ± 0.5

Applied concentrations:

nominal : control ; solvent control (acetone); 25, 50, 100, 200, 400, 800 mg
benfluralin diamine/kg dry soil

Exposure route

Approximately 750 g of hydrated soil was added to each replicate test vessel. At test
initiation, the worms were added to the surface of the soil in each test chamber.
Burrowing behaviour was noted 10, 30 and 60 minutes after addition to the soil
surface.

Test conditions:

temperature : 18.8 – 22.5 °C
pH : 6.7 – 7.3 (day 0), 7.1 – 7.2 (day 14)
water content : approximately 35 % of the soil dry weight
light regime : continuous
light intensity : 445 – 572 lux

Findings:

Table B.9.4-2: Effects of the metabolite benfluralin diamine on Eisenia fetida
Evaluation criteria

Control

Solvent
control

Nominal Test Concentration (mg/kg soil d.w.)
25

50

100

200

400

800

Mean mortality after 14 days (%)

0

0

0

0

0

3

65

100

Mean body weight changes (%)

-3

-6

-8

-7

-8

- 22

- 39

-

All of the worms had burrowed into the soil within 10 minutes of being placed onto the soil on day 0 except for the
worms in the 400 and 800 mg/kg dry soil treatments. There were 3 earthworms present on the surface in one replicate
of the 400 mg/kg dry soil treatment. In the 800 mg/kg dry soil treatment, the earthworms remained as one mass on
the soil surface. After 24 hours, all earthworms had burrowed into the soil. On day 7, all surviving animals had
burrowed into the soil within 10 minutes except for the earthworms in the 800 mg/kg dry soil treatment in which 3
earthworms remained on the soil surface for the remainder of the test.
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After 7 days of exposure to 2-chloroacetamide, mortality was 0, 0, 0, 95 and 100 % in the control, 13, 25, 50 and
100 mg/kg treatment levels. The estimated 7-day LC50 value for earthworm survival was 36.6 mg 2chloroacetamide/kg dry soil. This value is within the historical range of LC50 values (i.e., 33.1 to 82.6) for this toxic
standard.
Previous conclusion:
The study is acceptable.
Endpoints:
LC50 (Eisenia fetida, 14 d) = 360 mg benfluralin diamine/kg soil d.w.

B.9.4.1 Earthworm – sub-lethal effects
A toxicity study on the formulated product of benfluralin was submitted and reviewed for the first inclusion in
Annex I. The study on the effects of the preparation on reproduction and growth of earthworms is evaluated in Vol
3, CP, B.9.

B.9.4.2 Effects on non-target soil meso- and macrofauna (other than earthworms)
A study investigating the effects on reproduction of the collembolan Folsomia candida with the formulation EF1533 was previously submitted in the EU and was summarized in the original DAR Volume 3 Ecotoxicology (Sept
2007). In addition, a new study investigating the toxicity of the formulation EF-1533 to the predatory mite Hypoaspis
aculeifer has been submitted. The studies on the effects of the preparation on non-target meso- and macrofauna
(other than earthworm) are evaluated in Vol 3, CP, B.9.

B.9.5 Effects on soil nitrogen transformation
No data are available for the active substance. In order to support the previous EU evaluation of benfluralin, nitrogen
transformation and carbon mineralisation studies were conducted with the formulation EF-1533 (Vol 3, CP, B.9).

The previous RMS (for the original Annex 1 inclusion) considered that no major metabolite is formed under aerobic
conditions and that anaerobic conditions in soil are very unlikely to be a realistic exposure. However, the applicant
had previously submitted a study with the metabolite TR-4 which was considered as a surrogate for the metabolite
B36. The metabolite B36 is formed under anaerobic conditions.

Since studies on the effects of carbon transformation no longer constitute a data requirement, studies on carbon
mineralization have not been evaluated.
CA 8.5/01
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Hayward J.C. (2003b) Trifluralin Metabolite TR-4: Determination of Effects on

Reference:

Soil Microflora Activity.
Report No.:

CEMAS CEMR 2083

Guideline:

OECD Guideline 216 and 217 (2000) : Soil microorganisms, Nitrogen
Transformation Test and Carbon Transformation Test

GLP:

Yes

Previous evaluation:

In DAR (2007) ; not relevant for renewal application

Material and methods:
Test material:

Trifluralin metabolite TR-4

Lot/Batch No:

Batch tested: TSN104126

Purity:

100% w/w

Test system:

Microbial activity was assessed using a sandy-loam soil (71% w/w sand content, pH
range of 6.38 to 6.49, 1.0% organic carbon (TOC) and a microbial biomass of 2.7%
of the TOC).

Applied concentrations:

control (water); positive control (dinoseb);
0.2, 1.0, and 2.0 mg trifluralin metabolite TR-4/kg soil. These concentrations were
based on a predicted environmental concentration (PEC) of 0.192 mg TR-4/kg dry
soil, 5 x PEC and 10 x PEC. The test item was dosed into sand and then incorporated
into a soil known not to have received pesticide or fertilizer applications for at least
5 years prior to sampling.
3 replicates/treatment of 500 g for nitrogen transformation
3 replicates/treatment of 1000 g for carbon transformation

Type of test:
Test Conditions:

28 days nitrogen transformation test; 29 days carbon transformation test.
soil moisture : 40 % (at start), 38.8 – 39.5 % (at end of N transformation), 38.6 – 39.5
% (at end of C transformation) of the maximum water holding capacity
soil pH : 6.12 – 6.38 (at start), 6.24 – 6.26 (at end)
soil amendment : 0.5 % lucerne meal (nitrogen transformation); glucose (carbon)
Soil samples were incubated at 18.6 – 22.3 °C in the dark
sampling scheme : 0, 7, 14 and 28 days after treatment samples were taken for
nitrogen transformation and 0, 7, 14 and 29 days after treatment samples were taken
for carbon transformation

Results:

Table B.9.5-1: Influence of trifluralin metabolite TR-4 on nitrogen transformation

Mean NO3- - N (mg N/kg dry soil) and % deviation from the control

RMS: NO
Co-RMS: NL

- 168 Benfluralin
Annex B.9 (AS): Ecotoxicology

Incubation
(days)

Control

0.2 mg TR-4/kg

1.0 mg TR-4/kg

2.0 mg TR-4/kg

(mg N/kg)

(mg N/kg)

(%)

(mg N/kg)

(%)

(mg N/kg)

(%)

0

17.2

17.3

+ 0.6

17.5

+ 1.7

17.5

+ 1.7

7

13.6

14.1

+ 3.7

14.1

+ 3.7

13.7

+ 0.7

14

19.4

20.3

+ 4.6

19.8

+ 2.1

19.4

-

28

36.6

38.1

+ 4.1

37.9

+ 3.6

37.4

+ 2.2

Previous conclusion:
The study is acceptable.
Trifluralin metabolite TR-4 has no adverse effects on nitrogen transformation (less than 25 % deviation from control
after 28 days) up to 2.0 mg/kg soil.
Trifluralin metabolite TR-4 has no adverse effects on carbon transformation (less than 25 % deviation from control
after 29 days) up to 2.0 mg/kg soil.

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable. This study has been reevaluated by the RMS against the validity criteria of OECD 216.

Evaluations of test results with agrochemicals are based on relatively small differences (i.e.
average value ± 25 %) between nitrate concentrations in control and treated soil samples, so
large variations in the controls can lead to false results. Therefore, the variation between
replicate control samples should be less than ± 15%.

This study satisfied the test guideline OECD 216 validity criterion. The range of percentage
variations within the control samples for nitrate-nitrogen concentrations was from -6.2% to
+6.2%

By day 28, the soils treated at 0.2 mg, 1.0 mg and 2.0 mg TR-4/kg dry soil were +3.2%,
+5.0% and 4.9% from the control, respectively. There values are below the 25% criterion of
effect.
Agreed endpoints:

B.9.6

No effects >25 % on nitrogen transformation at 2.0 mg TR-4/kg soil.

Effects on terrestrial non-target plants

Several studies have been conducted to evaluate the toxicity of benfluralin to non-target (crop) plants in accordance
with US EPA guidelines.

RMS: NO
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B.9.6.1 Summary of screening data
No screening non-target plant study has been conducted.

B.9.6.2 Testing on non-target plants
Table 9.6.2-1: Summary of data on the effects of benfluralin on terrestrial non-target plants
Test substance

Study type

Most sensitive
test species / parameter

Endpoint

Reference

Benfluralin

Influence on the
germination of
seeds

N/A

N/A

CA 8.6.2/01
Waldrep, T.W., 1989a

Benfluralin

Seedling
emergence and
vegetative vigor

Cabbage/
shoot height

EC25: 790 g a.s./ha

CA 8.6.2/02
Waldrep, T.W., 1989b

Benfluralin

Vegetative vigor

Cucumber/
shoot height

EC25: 736 g a.s./ha

CA 8.6.2/03
Waldrep, T.W., 1989c

Benfluralin

Seedling
emergence and
vegetative vigor

Sorghum/
shoot weight

ER50: 3250 g a.s./ha

CA 8.6.2/04
Schwab, D., 1995

CA 8.6.2/01
Reference:

Waldrep T.W (1989a) Influence of Benefin on the Germination of Seeds of Ten
Crop Plants

Report No.:

61989010

Guideline:

US EPA Subdivision J, Series 122-1, Tier 1

GLP:

The study was conducted within the principles of good laboratory practices.
However, at the time this study was conducted, it was not subject to the Good
Laboratory Practices standards and was, therefore, not monitored by the quality
Assurance Unit.

Acceptability:

Supplementary

Previous evaluation:

In DAR (2007)

Material and methods:
Test material:

benfluralin (benefin)

Lot/Batch No:

batch number: 317EF2

Purity:

chemical purity: 95.6 %

Test species:

Species selected for testing were corn (Zea mays), wheat (Triticum aestivum),
sorghum (Sorghum bicolor), onion (Allium cepa), (soybean (Glycine max), sunflower
(Helianthus annuus), cotton (Gossypium hirsutum), cucumber (Cucumis sativus),
cabbage (Brassica oleracea), and raddish (Raphanus sativus).
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Test

system/test

conditions:

In this test, the influence of benfluralin on the germination of seeds was assessed in
the laboratory over a 5-day exposure period. The following concentrations were used:
0 (acetone:ethanol solvent) and 9 ppm. Each sheet of blue blotter paper (germination
paper) was soaked in a tray which contained the 9 ppm solution of benfluralin.
Untreated controls were soaked in a solution containing the appropriate amount of
solvent. All seeds (10 seeds per replicate and 10 replicates per crop) were contained
between two wet halves of the paper. The seed germinators were maintained at a
constant temperature of 27 °C and in complete darkness 24 hours each day. All blotter
papers and seedlings were removed from the germinators after 5 days.

Results:
Previous conclusion:
The study is acceptable.
There was no significant difference in germination between treatments and controls for corn, cotton, cucumber,
onion, radish, sorghum, soybean and sunflower. Seeds of all crops tested germinated readily and seedlings of
cabbage, cotton, cucumber, onion, radish, soybean and sunflower appeared normal in every respect, except the roots
of cabbage, cotton and soybean may have been stunted very slightly. Roots and shoots of corn, sorghum and wheat
seedlings were severely stunted and swollen in size. Mean percent germination for cabbage and wheat was reduced.

RMS
comment:

study

The GLP statement was checked. In the study report it is stated that: “At the time this study
was conducted, it was not subject to the Good Laboratory Practices standards and was,
therefore, not monitored by the quality Assurance Unit. Nevertheless, the study was
conducted within the principles of good laboratory practices. “.
This study has been re-evaluated by the RMS against the validity criteria of OECD 208.
In order for the test to be considered valid, the following performance criteria must be met
in the controls:
• the seedling emergence is at least 70%.
• the seedlings do not exhibit visible phytotoxic effects (e.g. chlorosis, necrosis, wilting, leaf
and stem deformations) and the plants exhibit only normal variation in growth and
morphology for that particular species.
• the mean survival of emerged control seedlings is at least 90% for the duration of the study.
• environmental conditions for a particular species are identical and growing media contain
the same amount of soil matrix, support media, or substrate from the same source.



Summary of effects of benfluralin on the germination and development of ten plant
species after 5 days

Plant species

Control
Mean
germination

%

Benfluralin 9 mg/L
Mean
% Seedling
germination
abnormalities
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Cabbage (Brassica oleracea,
91
74*
A
L.)
Corn (Zea mays, L.)
99
99
B
Cotton (Gossypium hirsutum,
90
83
A
L)
Cucumber (Cucumis sativus,
98
97
none
L.)
Onion (Allium cepa, L.)
93
83
none
Radish (Raphanua sativus, L.) 99
97
none
Sorghum (Sorghum bicolor,
88
87
B
L.)
Soybean (Glycine max, L.)
99
100
A
Sunflower (Helianthus annuus,
94
93
none
L.)
Wheat (Triticum aestivum, L.)
98
89*
B
* significant reduction in germination rate compared to the control rate (p < 0.05)
a: possibly slightly stunted;
b: roots and shoots severely stunted and swollen



There is no information on whether any phytotoxic effects were observed in the
controls.



The mean survival of the emerged control seedlings is not reported.

The study is therefore considered supplementary.

CA 8.6.2/02
Reference:

Waldrep T.W (1989b) Influence of Benefin Preemergence Spray on Seedling
Emergence and Vegetative Vigor of Ten Crop Plants

Report No.:

61989015

Guideline:

US EPA Subdivision J, Series 123-1, Tier 2

GLP:

The study was conducted within the principles of good laboratory practices.
However, at the time this study was conducted, it was not subject to the Good
Laboratory Practices standards and was, therefore, not monitored by the quality
Assurance Unit.

Acceptability:

The study is still considered valid and acceptable for use in the risk assessment.

Previous evaluation:

In DAR (2007)

Material and methods:
Test material:

benfluralin (benefin)

Lot/Batch No:

batch number: 317EF2

Purity:

chemical purity: 95.6 %

Test Species:

Species selected for testing were four monocotyledons : corn (Zea mays), wheat
(Triticum aestivum), sorghum (Sorghum bicolor), onion (Allium cepa) and
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Six dicotyledons: cabbage (Brassica oleracea), cucumber (Cucumis sativus),
Test system/test

soybean (Glycine max), cotton (Gossypium hirsutum), sunflower (Helianthus

conditions:

annuus), radish (Raphanus sativus).
In this test, the effects of a single soil-incorporated application of benfluralin on the
emergence and growth of seedlings was assessed under glasshouse conditions over a
21-day exposure period. The following concentrations were used: 0 (acetone:ethanol
solvent), 0.035, 0.07, 0.14, 0.28, 0.56 kg a.s./ha for the 4 monocotyledons and 0
(acetone:ethanol solvent), 0.07, 0.14, 0.28, 0.56, 1.12 kg a.s./ha for the 6
dicotyledons. 4 replicates/treatment. Benfluralin was incorporated into the test soil
before seeding. The containers were kept in a greenhouse with a 14 hours day and 10
hours night cycle. The approximate day temperature was 26.7 – 29.4 °C and the
approximate night temperature was 21 – 23.9 °C. After the initial top watering, all
containers were bottom watered as needed thereafter for good plant growth. The
number of seedlings that emerged from each crop were counted 1, 2 and 3 weeks
after treatment. In addition, a vegetative vigour rating was made and the type of injury
symptoms were recorded. Average plant height and above ground fresh weight of
crop plants were recorded at the end of 3 weeks when the test was terminated.

Results:
21 days after treatment with benefin, seedling emergence was not significantly reduced for any of the plants tested.
Table B.9.6.2-2: Biological effects of benfluralin applied in pre-emergence for 10 crop species

Crop

Seeds
planted
replicate

per EC25 (kg a.s./ha)
Average height

Fresh weight

corn

10

0.644

0.557

wheat

25

> 0.56

0.437

sorghum

25

0.286

0.131

onion

25

0.671

> 0.56

cabbage

25

0.787

0.961

cucumber

10

1.054

0.935

soybean

10

> 1.12

1.364

cotton

10

> 1.12

> 1.12

sunflower

10

> 1.12

> 1.12

radish

25

> 1.12

> 1.12

Previous conclusion:
The study is acceptable.
RMS
comment:

study

The GLP statement was checked. In the study report it is stated that: “At the time this study
was conducted, it was not subject to the Good Laboratory Practices standards and was,
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therefore, not monitored by the quality Assurance Unit. Nevertheless, the study was
conducted within the principles of good laboratory practices. “.
This study has been re-evaluated by the RMS against the validity criteria of OECD 208.

In order for the test to be considered valid, the following performance criteria must be met
in the controls:
• the seedling emergence is at least 70%;
• the seedlings do not exhibit visible phytotoxic effects (e.g. chlorosis, necrosis, wilting, leaf
and stem deformations) and the plants exhibit only normal variation in growth and
morphology for that particular species;
• the mean survival of emerged control seedlings is at least 90% for the duration of the study;
• environmental conditions for a particular species are identical and growing media contain
the same amount of soil matrix, support media, or substrate from the same source.


The seedling emergence is at least 70% in the controls except for the mean for
sorghum which is 64% (the mean number of emerged seedlings are 16 out of 25
replicates).



No seedlings in the control exhibited visible phytotoxic effects.



The soil medium and environmental conditions are reported to be the same.



The mean survival of emerged control seedlings > 90% for the duration of the study.

The study is still considered valid and acceptable for use in the risk assessment.
Based on seedling emergence, the NOEC for benfluralin applied by soil incorporation to
seeds of corn, onion, sorghum and wheat was 0.56 kg benfluralin/ha, the highest rate applied
to monocot species. The emergence NOEC for benfluralin applied to seeds of cabbage,
cotton, cucumber, radish, soybean and sunflower was 1.121 kg/ha, the highest rate applied
to the dicot species selected for testing. The lowest EC25 for sorghum, based on shoot weight,
was 0.13 kg/ha. However, the seedling emergence was less than the criteria of 70 % for
sorghum.
The lowest EC25 for cabbage, based on shoot height, was 0.79 kg/ha.
Agreed endpoints:

CA 8.6.2/03
Reference:

EC25: 0.79 kg/ha

Waldrep T.W (1989c) Influence of Benefin postemergence spray on the vegetative
vigor of ten crop plants

Report No.:

619890111

Guideline:

US EPA Subdivision J, Series 123-1, Tier 2
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GLP:

The study was conducted within the principles of good laboratory practices.
However, at the time this study was conducted, it was not subject to the Good
Laboratory Practices standards and was, therefore, not monitored by the quality
Assurance Unit.

Acceptability:

Supplementary

Previous evaluation:

In DAR (2007);

Material and methods:
Test material:

benfluralin (BALAN®)

Lot/Batch No:

batch number: 317EF2

Purity:

chemical purity: 95.6 %

Test species:

4 monocotyledons : corn (Zea mays), wheat (Triticum aestivum), sorghum (Sorghum
bicolor), onion (Allium cepa)
6 dicotyledons: cabbage (Brassica oleracea), cucumber (Cucumis sativus), soybean
(Glycine max), cotton (Gossypium hirsutum), sunflower (Helianthus annuus), radish
(Raphanus sativus)

Type of test:

Influence of postemergence spray of benfluralin on the vegetative vigor of 10 crop
plants

Application of test item:

The control and test item was applied using a hand held compressed air sprayer (low
pressure 5 psi). Before application, the test item was dissolved in a solution (stock)
containing:
-

3 mg a.s./mL

-

10% of a mixture of aceton and etanol (1:1 ratio)

-

10% surfactant R and S

-

80% deionized water

Toximul R is a blend of calcium sulfate and nonionic surfactants, Toximul S is a
hydrophilic emulsifier that when combined with Toximul R provides a superior
emulsion for the Benefin formulation
Applied concentrations:

Control: 10% solvent (acetone:ethanol 1:1 ratio), 10% surfactant (Toximul R and S
surfactants), 80% deionized water
Test item: 0.28, 0.56, 1.12, 2.24, 4.48 kg a.s./ha

Replicates:

4 replicates/treatment

Exposure route:

All the crops were thinned to a constant number of plants before spraying. The
benfluralin solution was sprayed overtop the young, fast-growing and succulent
plants in each container. Immediately after spraying the plants were placed in a
greenhouse (26.7 – 29.4 °C day temperature and 21 – 23.9 °C night temperature with
14 hours light and 10 hours darkness) where they were bottom watered and fertilized
as needed. Visual injury ratings, average plant height and fresh weight of the above
ground shoots were observed 14 days after treatment.

Results:
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Table B.9.6.2-3: Biological effects of benfluralin applied in post-emergence for 10 crop species
Number of
replicate

Crop

plants

per EC25 (kg a.s./ha)
Average height

Fresh weight

corn

5

2.752

4.146

wheat

35

> 4.48

> 4.48

sorghum

25

> 4.48

> 4.48

onion

35

> 4.48

> 4.48

cabbage

25

3.880

> 4.48

cucumber

5

0.736

1.184

soybean

5

5.706

> 4.48

cotton

5

4.052

> 4.48

sunflower

5

5.182

3.082

radish

25

10.532

> 4.48

Previous conclusion:
The study is acceptable.
RMS
comment:

study

The GLP status of the laboratory was checked. In the study report it is stated that: “At the
time this study was conducted, it was not subject to the Good Laboratory Practices standards
and was, therefore, not monitored by the quality Assurance Unit. Nevertheless, the study was
conducted within the principles of good laboratory practices. “.
This study has been re-evaluated by the RMS against the validity criteria of OECD 227.

In order for the test to be considered valid, the following performance criteria must be met:
• the seedling emergence is at least 70%;
And for the controls:
•the plants do not exhibit visible phytotoxic effects (e.g. chlorosis, necrosis, wilting, leaf and
stem deformations). Plants exhibit only normal variation in growth and morphology for that
particular species;
• the mean plant survival is at least 90% for the duration of the study;
• environmental conditions for a particular species are identical and growing media contain
the same amount of soil matrix, support media, or substrate from the same source.


The validity criteria “The seedling emergence is at least 70% percent” is not known,
as it is not presented in the study (study conducted prior to current OECD
guideline).

For the controls:


No phytotoxic effects of the control plants of any of the species were recorded.



The soil medium is reported to be the same. After spraying the plants were placed
in a greenhouse (temperature day: 26-29, night: 21-24).
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The study is considered supplementary.

CA 8.6.2/04
Reference:
Report No.:

Schwab, D. (1995) Evaluating the Effects of Benefin on the Seedling Emergence and
Vegetative Vigor of Non-Target Terrestrial Plants.
42240

Guideline:

US EPA Subdivision J: 123-1, Tier 2

GLP:

Yes

Acceptability:

This study is still considered valid and acceptable for use in the risk assessment.

Previous evaluation:

In DAR (2007)

Material and methods:
Test material:

benfluralin (benefin), chemical purity :

Lot/Batch No:

251-198-OD-118

Purity:

99.3 %

Test species:

4 monocotyledons : corn (Zea mays), sorghum (Sorghum bicolor), wheat (Triticum
aestivum), onion (Allium cepa); 6 dicotyledons : cabbage (Brassica oleracea), cotton
(Gossypium hirsutum), cucumber (Cucumis sativus), radish (Raphianus sativus),
soybean (Glycine max), sunflower (Helianthus annuus)

Type of test:

seedling emergence and vegetative vigour test

Applied concentrations:

control (water), blank control (80 % acetone 20 % Labconco water), 0.013, 0.026,
0.053, 0.105, 0.211, 0.420, 0.840, 1.68, 3.36 kg a.s./ha
A single application of benfluralin was surface applied in the preplanted pots for the

Test
conditions:

system/test

emergence test and foliar applied to the seedlings for the vegetative vigor test. The
emergence and vegetative vigor tests consisted of three replicates for each treatment
level. Ten seeds of each of the species were planted for the emergence seedling test.
Five seedlings of each of the species were tested for the vegetative vigor test (6
seedlings for radish). For both emergence seedling test and vegetative vigor test
lighting was provided by natural sunlight and additional artificial lighting, which was
set on a 12 hour on-off cycle. The pots were filled with a loam soil (1.5% organic
matter) and the plants were watered (seedling emergence: top watering to promote
emergence, followed by bottom watering; vegetative vigor: top watered, underneath
foliage).

Results:
Table B.9.6.2-3: Biological effects of benfluralin applied in pre-emergence and post-emergence for 10 crop species
Crop

EC50 values for Seedling emergence test
(kg a.s./ha)

EC50 values for Vegetative vigor test
(kg a.s./ha)
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% emergence

Shoot length

Shoot weigth

Shoot length

Shoot weigth

corn

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

sorghum

> 3.36

> 3.36

3.25

> 3.36

> 3.36

wheat

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

onion

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

cabbage

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

cotton

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

cucumber

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

radish

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

soybean

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

sunflower

> 3.36

> 3.36

> 3.36

> 3.36

> 3.36

Previous conclusion:
The study is acceptable.
RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable.
This study has been re-evaluated by the RMS against the validity criteria of OECD 208 and
227.

In order for the test to be considered valid, the following performance criteria must be met:
• the seedling emergence is at least 70%;
In this study, the seedling emergence is at least 70%:
Cabbage:
Corn:
Cotton:
Cucumber:
Onion:
Radish:
Sorghum:
Soybean:
Sunflower:
Wheat:

77 %
100 %
90 %
97 %
87 %
97 %
93 %
97 %
100 %
100 %

And for the controls:
•the plants do not exhibit visible phytotoxic effects (e.g. chlorosis, necrosis, wilting, leaf and
stem deformations). Plants exhibit only normal variation in growth and morphology for that
particular species;
In this study, one replicate of the control and vehicle blank exhibited slight chlorosis in the
species wheat. However, the overall effect in the controls is reported as 0%.
• the mean plant survival is at least 90% for the duration of the study;
This criterion is met. For this study, no deaths are reported in the controls
• environmental conditions for a particular species are identical and growing media contain
the same amount of soil matrix, support media, or substrate from the same source.
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This criterion is met.

This study is still considered valid and acceptable for use in the risk assessment.

The lowest endpoint was observed in the seedling emergence test for the species sorghum,
with an ER50 of 3250.9 g a.s./ha (fresh weigh biomass).
Agreed endpoint:

ER50: 3250.9 g a.s./ha

B.9.7 Effects on other terrestrial organisms (flora and fauna)

No studies submitted.

B.9.8 Effects on biological methods for sewage treatment

CA 8.8/01
Reference:

Hertl, J. (2002) Toxicity of Benfluralin Technical to Activated Sludge in a
Respiration Inhibition Test

Report No.:

13061171

Guideline:

OECD Guideline 209 (1984): Activated Sludge, Respiration Inhibition Test

GLP:

Yes

Acceptability:

Not acceptable

Previous evaluation:

In DAR (2007)

Material and methods:
Test material:

Benfluralin

Lot/Batch No:

650/01

Purity:

96.7 %

Test design

The inhibitory effect of benfluralin on the oxygen consumption of activated sludge
suspension (domestic sewage) was determined.

Applied concentrations:

untreated control at start and end of the test; positive control (3,5-dichlorophenol)
treatment at nominal test concentrations of 10, 32, 100, 320, 1000 mg a.s./L

Replicates:
Test conditions:

1 replicate/treatment, 2 replicates for the control
Microbial inoculum: 3 g/L suspended solids
pH : 7.3 – 7.4 (at start), 8.2 – 8.3 (at end)
Temperature: 19 - 22 °C

Results:
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Inhibitory effects : After 3 hours of contact time the inhibition of respiration by the test item was – 2.6 %, - 0.9 %,
1.3 %, 7.7 % and 14.2 % for the nominal test concentrations of 10, 32, 100, 320, 1000 mg a.s./L respectively.

Table B.9.8/01:

Summary of the effects of benfluralin on the respiration of activated sludge after three hours
exposure

Nominal benfluralin concentration Respiration rate
(mg/L)
(mg O2/L min)
Control
0.466a
10
0.478
32
0.470
100
0.460
320
0.430
1000
0.400
a mean of duplicates
b negative values indicate slight stimulation of respiration

Respiration inhibition
(%)
(-)
-2.6b
-0.9
1.3
7.7
14.2

Previous conclusion:
Respiration rates for the two control vessels were comparable (oxygen uptake rate: 9.0 and 9.6 mg/O2/g h).
The calculated EC50 of 3,5-dichlorophenol was 6.6 mg/L after 3 hours. These values are within the acceptable limits
(2-25mg/L) as specified in the OECD Guideline 209.

Endpoints :
EC50 (benfluralin, 3 hours) > 1000 mg a.s./L

RMS
comment:

study

The GLP status of the laboratory was checked and was acceptable.
This study has been re-evaluated by the RMS against the validity criteria of OECD 209.

It is noted that this study was performed according to an earlier version of OECD Test
Guideline 209 (prior to the update of 2010). The following validity criteria of the most recent
version of OECD Test Guideline 209 are:


The blank controls oxygen uptake rate should not be less than 20 mg oxygen per
one gram of activated sludge (dry weight of suspended solids) in one hour. If the
rate is lower, the test should be repeated with washed activated sludge or with
sludge from another source.

The oxygen uptake rate in the blank controls is expressed in the study reports in terms of mg
O2/L/min. Based on the suspended solids level of 3 g/L in the sludge sample used in this test,
the lowest oxygen uptake rate in the control after 3h of 0.466 mg O2/L/min is equivalent to
9.3 mg O2/g/hour (0.466x60/3). This value is below the threshold value of 20 mg oxygen per
gram of activated sludge in an hour, as set by Test Guideline 209.


The coefficient of variation of oxygen uptake in control replicates should not be
more than 30% at the end of the test.
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According to the study report, the respiration rates of the two controls did not differ by more
than 15% (6.6 %).


If the EC50 of 3,5-DCP does not lie in the expected range, the test should be
repeated with activated sludge from another source (2 mg/L – 25 mg/L for total
respiration).

The EC50 of the reference substance was within the expected range prescribed by the test
guideline: the reference item 3,5-DCP had an EC50 of 6.6 mg/L
As all of the validity criteria are not met for this study, the study is not considered acceptable
for use in the risk assessment.

B.9.9 Monitoring data
No monitoring data has been submitted.

B.9.10 Biological activity of metabolites potentially occurring in ground water

B.9.11 References relied on

Literature search:
The literature search carried out by the applicant was summarised in the literature review report in Document
KCA section 9 and the relevant publications identified through the literature search are summarised in Document
MCA section 9. The RMS considers the literature search provided as acceptable.
Databases: STN, a scientific information platform hosted by CAS, itself a division of the American Chemical
Society, was selected as a provider. A broad collection of 16 relevant databases were used for the literature search
through STN. Dialog is one of the leading worldwide providers of online-based information in science. A broad
collection of 24 relevant databases were used for the literature search through dialog.
Time window: August 2006 – May 2016.
Input parameters: ISO common name of active substance, active substance synonyms, product names, active
substance development codes, product development code, impurities noted in the last EU review, IUPAC name,
Chemical name, CIPAC, CAS number, EEC number and metabolites plus synonyms.
Relevance
Assessment of studies for relevance was carried out by reference to their titles and if necessary abstracts. Those
studies that were considered to meet the relevance criteria, following review of their abstracts were obtained. The
full-text of these documents was assessed further to determine whether the information contained in the study
could impact on the endpoints and risk assessment parameters related to the active substance. Reviews of the
relevance and reliability of the articles brought up in the literature search were carried out by experts in the
relevant technical disciplines. Studies relevant to the dossier are those that inform one or more data
requirement(s), including hazard identification, hazard characterisation and exposure assessment, for the active
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substance under assessment, its relevant metabolites, or plant protection products. As part of the determination
of relevancy, the following criteria are considered to be fundamental when considering the relevance of an openliterature study:









Studies should address the data requirements detailed in Commission Regulations (EU) No. 283/2013
and 284/2013.
Studies need to be performed with defined test material which is the appropriate active substance,
metabolite or plant protection product.
The test species in laboratory studies should preferably be relevant to the EU. However, studies which
contain test species which are not found in the EU may in some cases be deemed relevant by expert
judgement.
Both the route of exposure and length of exposure of the test material should be appropriate. Studies
which have exposure which is either too long or too short or via an inappropriate route are not considered
to be relevant. Studies with in vivo or ex vivo exposure are considered relevant; in vitro tests may
potentially be relevant and should be considered appropriately.
Toxicity modelling (e.g. QSAR), literature review papers, meta-analysis papers, risk analysis papers and
environmental monitoring papers are generally considered to not be relevant.
Apart from mixture toxicity, other multi-stressor studies e.g. active substance and physico-chemical
stress, are not considered to be relevant.
Field studies should be performed to conditions which are relevant to the EU e.g. climate, crop species,
test species.
The criteria considered for relevancy of studies relating to individual ecotoxicology data requirements
are detailed in the table below:
Data requirement (data point)

Relevancy criteria considered

Effects on birds and other terrestrial vertebrates
(KCA 8.1)

1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Test species is preferably relevant to the EU
though non-EU species may also be deemed
relevant (by expert judgement). Studies on
mammals are covered by the toxicology section
except for non-target vertebrate species.
4. Route and length of exposure should be
appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Test species is preferably relevant to the EU
though non-EU species may also be deemed
relevant (by expert judgement).
4. Route and length of exposure should be
appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Test species is preferably relevant to the EU
though non-EU species may also be deemed
relevant (by expert judgement).

Effects on aquatic organisms (KCA 8.2)

Effect on arthropods (KCA 8.3)
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Effects on non-target soil meso- and macrofauna
(KCA 8.4)

Effects on soil nitrogen transformation (KCA
8.5)

Effects on terrestrial non-target higher plants
(KCA 8.6)

Effects on other terrestrial organisms (flora and
fauna) (KCA 8.7)

Effects on biological methods for sewage
treatment (KCA 8.8)

4. Route and length of exposure should be
appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Test species is preferably relevant to the EU
though non-EU species may also be deemed
relevant (by expert judgement).
4. Length of exposure should be appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Length of exposure should be appropriate.
4. Substrate used should be appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Test species is preferably relevant to the EU
though non-EU species may also be deemed
relevant (by expert judgement).
4. Route and length of exposure should be
appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Test species is preferably relevant to the EU
though non-EU species may also be deemed
relevant (by expert judgement).
4. Route and length of exposure should be
appropriate.
1. Study is appropriate to data requirements
detailed in Regulations 283/2013 and 284/2013.
2. Well-defined test material applied as the
appropriate active substance, metabolite or plant
protection product.
3. Route and length of exposure should be
appropriate.
4. Substrate used should be appropriate.
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Reliability
The reliability assessment for any relevant studies was carried out according to Klimisch et al. (1997).
Within Klimisch et al. (1997) the following codes and categories of reliability are assigned:

Code
1

Category
Reliable without restriction

2

Reliable with restriction

3

Not reliable

4

Not assignable

1 Reliable without restriction
This includes studies or data from the literature or reports which were carried out or generated according to
generally valid and/or internationally accepted testing guidelines (preferably performed to GLP) or in which the
test parameters documented are based on a specific (national) testing guideline (preferably performed according
to GLP) or in which all parameters described are closely related/comparable to a guideline method.
2 Reliable with restrictions
This includes studies or data from the literature, reports (mostly not performed according to GLP), in which the
test parameters documented do not totally comply with the specific testing guideline, but are sufficient to accept
the data or in which investigations are described which cannot be subsumed under a testing guideline, but which
are nevertheless well documented and scientifically acceptable.
3 Not reliable
This includes studies or data from the literature/reports in which there are interferences between the measuring
system and the test substance or in which organisms/test systems were used which are not relevant in relation to
the exposure (e.g., unphysiologic pathways of application) or which were carried out or generated according to a
method which is not acceptable, the documentation of which is not sufficient for an assessment and which is not
convincing for an expert judgement.
4 Not assignable
This includes studies or data from the literature, which do not give sufficient experimental details and which are
only listed in short abstracts or secondary literature (books, reviews, etc.).

Results
A total of 195 publications were found. 188 summary records were excluded after a rapid assessment of relevance,
and 7 full-text documents were assessed in detail. Of these 7 publications 3 were excluded after detailed
assessment for relevance. A reference list containing the 4 relevant and reliable publications identified by the
literature search were included in Document MCA section 9.
Of the 4 relevant publications, 3 of the publications are relevant to the environmental fate part of the data package,
and 1 is relevant to the ecotoxicology part of the data package. The only relevant ecotoxicology study (Padilla et
al. 2012) has been evaluated in this volume, section 9.2.1.

New studies
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Data
point

Year

CA
8.1.1.1
/02

2014

CA
8.1.1.3
/03

2014

CA
8.2.1/0
8

2014a

CA
8.2.1/0
9

CA
8.2.1/1
0

CA
8.2.1/1
1

12

Author(s)

2013a

2013
b

2004

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner12

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

, Report
No. 14050.6160
GLP
Unpublished
Benfluralin TGAI: Acute toxicity to
bluegill sunfish (Lepomis
macrochirus) under flow-through
conditions, following OCSPP Draft
Guideline 850.1075

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

, Report
No. 14050.6125
GLP
Unpublished
Benfluralin TGAI: Acute toxicity to
sheepshead minnow (Cyprinodon
variegatus) under flow-through
conditions, following OCSPP Draft
Guideline 850.1075

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benfluralin: An acute oral toxicity
study with the canary
, Report No.
379-325
GLP
Unpublished
Benfluralin: A reproduction study
with the Northern Bobwhite
, Report No.
379-344
GLP
Unpublished
Benfluralin TGAI: Acute toxicity to
rainbow trout (Oncorhynchus
mykiss) under flow-through
conditions, following OCSPP Draft
Guideline 850.1075

, Report
No. 14050.6161
GLP
Unpublished
Benefin technical: Acute toxicity to
carp (Cyprinus carpio) under flowthrough conditions
,
Report No. 12550.6332
GLP
Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
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Data
point

Author(s)

CA
8.2.3.1
/01

Year

2011

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benefin: The amphibian
metamorphosis assay using the
African Clawed Frog, Xenopus
laevis

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner12

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

, Report
No. 101097
GLP
Unpublished
CA
8.2.3.2
/02

2011

Benefin: A fish short-term
reproduction assay using the
fathead minnow, Pimephales
promelas
, Report
No. 101165
GLP
Unpublished

CA
8.2.4.1
/04

Urann, K.

2014
b

CA
8.2.5.1
/02

Urann, K.

2013c

CA
8.2.5.2
/01

Sayers,
L.E.

2013

Benfluralin TGAI: Acute toxicity to
water fleas (Daphnia magna) under
flow-through conditions, following
OCSPP Guideline 850.1010
Smithers Viscient, Report No.
14050.6154
GLP
Unpublished
Benfluralin TGAI: Full life cycle
toxicity test with water fleas
(Daphnia magna) under flowthrough conditions, following
OCSPP Guideline 850.1300
Smithers Viscient, Report No.
14050.6156
GLP
Unpublished
Benfluralin TGAI: Life-cycle
toxicity test with Mysids
(Americamysis bahia) following
OCSPP Guideline 850.1350
Smithers Viscient, Report No.
14050.6126
GLP
Unpublished
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Data
point

Author(s)

Year

CA
8.2.5.4
/01

Bradley,
M.J.

2014

CA
8.2.5.4
/02

Bradley,
M.J.

2015

CA
8.2.6.1
/04

Softcheck,
K.A.

2015a

CA
8.2.6.2
/02

Softcheck,
K.A.

2015
b

CA
8.2.7/0
1

Hoberg, J.

2007

CA
8.2.8/0
1

2017

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Benfluralin - 42-day toxicity test
exposing freshwater amphipods
(Hyalella azteca) to a test substance
applied to sediment under staticrenewal conditions following EPA
test methods
Smithers Viscient, Report No.
14050.6158
GLP
Unpublished
Benfluralin - 10-day sediment
toxicity test with the marine
amphipod Leptocherius plumulosus
Smithers Viscient, Report No.
14050.6219
GLP
Unpublished
Benfluralin: 96-hour toxicity test
with the freshwater green alga,
Pseudokirchneriella subcapitata
Smithers Viscient, Report No.
14050.6228
GLP
Unpublished
Benfluralin: Toxicity to freshwater
cyanobacterium (Anabaena flosaquae)
Smithers Viscient, Report No.
14050.6157
GLP
Unpublished
Benfluralin TGAI - Toxicity to
duckweed, Lemna gibba
Springborn Smithers Laboratories,
Report No. 12550.6485
GLP
Unpublished
Benfluralin – Modified Early LifeStage Toxicity Test with Rainbow
Trout (Oncorhynchus mykiss)
,
Report No. 12791.6256
GLP
Unpublished

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner12

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

N

Y

New study for
renewal dossier

Gowan
Crop
Protection

Y

Y

New study for
renewal dossier

Gowan
Crop
Protection
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Studies relied upon for the first inclusion of benfluralin in Annex I to Directive 91/414/EEC and for renewal
of approval under Regulation (EC) No 1107/2009
Data
point

Author(s)

Year

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
The toxicity of Benefin (Compound
54521) to bobwhite in a fourteenday acute oral study
, Report
No. A01085
GLP
Unpublished
The toxicity of Compound 54521
(Benefin) in mallards (Anas
platyrhynchos) eight day dietary
study
, Report
No. 7011-77
Non-GLP
Unpublished

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

CA
8.1.1.1
/01

1985

CA
8.1.1.2
/01

1978a

CA
8.1.1.2
/02

1978
b

The toxicity of Compound 54521
(Benefin) in bobwhites (Colinus
virginianus) eight day dietary study
, Report
No. 7008-77
Non-GLP
Unpublished

Y

N

Not applicable

Gowan
Crop
Protection

CA
8.1.1.3
/01

1991a

Y

N

Not applicable

Gowan
Crop
Protection

CA
8.1.1.3
/02

1991
b

The toxicity of Benefin to mallards
in a one-generation reproduction
study
, Report
No. A01090
GLP
Unpublished
The toxicity of Benefin to bobwhite
in a one-generation reproduction
study
, Report
No. A00690
GLP
Unpublished
Benfluralin : 42-Day
Bioaccumulation Test with the
Earthworm, Eisenia fetida.
Report No.050327
GLP
Unpublished

Y

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

CA
8.1.3/0
1

Hughes,
C.

2006
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Data
point

Author(s)

Year

CA
8.2.1/0
1

1985

CA
8.2.1/0
2

1990a

CA
8.2.1/0
3

1990a

CA
8.2.1/0
4

2003a

CA
8.2.1/0
5

2003
b

CA
8.2.1/0
6

2001a

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
The acute toxicity of Benefin (EL110, compound 54521( to rainbow
trout (Salmo gairdneri) in a staticrenewal test system
, Report
No. F00185
GLP
Unpublished
The acute toxicity of Benefin to
bluegill (Lepomis macrochirus) in a
static-renewal test system
, Report
No. F00990
GLP
Unpublished
(Benefin) - Acute toxicity to
sheepshead minnow (Cyprinodon
variegatus) under flow-through
conditions
Report No. 90-08-3416
GLP
Unpublished
Acute toxicity of benfluralin
technical to rainbow trout
(Oncorhynchus mykiss) in a 96-hour
static test
., Report No.
13068230
GLP
Unpublished
Acute toxicity of benfluralin
technical to zebra fish (Brachydanio
rerio) in a 96-hour static test
., Report No.
13069230A
GLP
Unpublished
Trifluralin metabolite TR-6: An
acute toxicity study with the
rainbow trout, Oncorhynchus
mykiss Walbaum
, Report
No. 011092
GLP
Unpublished

13
14

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop13
Protection

Y

N

Not applicable

Gowan
Crop14
Protection

Y

N

Not applicable

Gowan
Crop
Protection
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Data
point

Author(s)

CA
8.2.1/0
7

2001
b

CA
8.2.2.1
/01

1990

CA
8.2.2.3
/01

1987

CA
8.2.4.1
/01

Hertl, J.,
Breitwiese
r, H.

2003c

CA
8.2.4.1
/02

Marino,
T.A.,
McClymo
nt, E.L.,
Hales,
C.A.,
Yaroch,
A.M.
Marino,
T.A.,
McClymo
nt, E.L.,
Hales,
C.A.,
Yaroch,
A.M.
Sousa,
J.V.

2001c

CA
8.2.4.1
/03

CA
8.2.4.2
/01

15

Year

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Trifluralin metabolite TR-15: An
acute toxicity study with the
rainbow trout, Oncorhynchus
mykiss Walbaum
, Report
No. 011106
GLP
Unpublished
The toxicity of Benefin to rainbow
trout (Salmo gairdneri) in a 49-day
early life-stage study
, Report
No. F00690
GLP
Unpublished
Laboratory studies of 14C Benefin
accumulation in fish
, Report
No. ABC-0362, ABC-0365
GLP
Unpublished
Acute toxicity of benfluralin
technical to Daphnia magna in a
48-hour immobilization test
IBACON, Report No. 13066220
GLP
Unpublished
Trifluralin metabolite TR-6: An
acute toxicity study with the
daphnid, Daphnia magna Straus
Toxicology & Environmental
Research and Consulting, Report
No. 011093

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

Y

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop15
Protection

N

N

Not applicable

Gowan
Crop
Protection

2001
d

Trifluralin metabolite TR-15: An
acute toxicity study with the
daphnid, Daphnia magna Straus
Toxicology & Environmental
Research and Consulting, Report
No. 011105

N

N

Not applicable

Gowan
Crop
Protection

1990
b

Acute toxicity to Mysid shrimp
(Mysidopsis bahia) under flowthrough conditions
Springborn Laboratories, Inc.,
Report No. 90-06-3343
GLP
Unpublished

N

N

Not applicable

Gowan
Crop
Protection

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

RMS: NO
Co-RMS: NL
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Data
point

Author(s)

Year

CA
8.2.4.2
/02

Dionne, E.

1990

CA
8.2.5.1
/01

Mohr,
R.R.,
Cocke,
P.J.,
Koenig,
G.R.

1990

CA
8.2.5.3
/01

Memmert,
U.

2003

CA
8.2.6.1
/01

16

Hertl, J.,
Breitwiese
r, H.

2003
d

CA
8.2.6.1
/02

Henry,
K.S.,
Staley,
J.L.,
McClymo
nt, E.L.

2002

CA
8.2.6.1
03

Marino,
T.A.,
Staley,
J.L.,
Gilles,
M.M.,
McClymo
nt, E.L.

2001

CA
8.2.6.2
/01

Hertl, J.,
Breitwiese
r, H.

2003e

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
(Benefin) - Acute toxicity to
Eastern Oysters (Crassostrea
virginca) under flow-through
conditions
Springborn Laboratories, Inc.,
Report No. 90-07-3355
GLP
Unpublished
The chronic toxicity of benefin to
Daphnia magna in a flow-through
life-cycle test
Lilly Research Laboratories, Report
No. C01090
GLP
Unpublished
Effects of benfluralin technical on
the development of sedimentdwelling larvae of Chironomus
riparius in a water-sediment system
RCC Ltd., Report No. 842140
Acute toxicity of benfluralin
technical to Pseudokirchneriella
subcapitata in an algal growth
inhibition test
IBACON, Report No. 13063210
GLP
Unpublished
Trifluralin metabolite TR-6:
Growth inhibition test with the
freshwater green alga, Selenastrum
capricornutum, Printz
Toxicology & Environmental
Research Consulting, Report No.
011101
GLP
Unpublished
Trifluralin metabolite TR-15:
Growth inhibition test with the
freshwater green alga, Selenastrum
capricornutum, Printz
Toxicology & Environmental
Research Consulting, Report No.
011102
GLP
Unpublished
Toxicity of benfluralin technical to
Anabaena flos-aquae in an algal
growth inhibition test
IBACON, Report No. 13064210
GLP
Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
18
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
17

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection
16

N

N

Not applicable

Gowan
Crop
Protection
17

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection
18

RMS: NO
Co-RMS: NL
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Data
point

Author(s)

Year

CA
8.3.1.1
.1/01

Schmitzer,
S.

2002

CA
8.3.1.1
.2/01

19

Schmitzer,
S.

2002

CA
8.3.2.1
/01

Sakanu,
A.

2000

CA
8.3.2.1
/02

Moll, M.,
Bützler,
R.

2003

CA
8.3.2.2
/01

Walker,
H.M.

2000

CA
8.3.2.2
/02

Schwienin
g, S.,
Goßmann,
A.

2003

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Laboratory testing for toxicity
(acute contact and oral) of
benfluralin technical on honey bees
(Apis mellifera L.)
IBACON, Report No. 13263036
GLP
Unpublished
Laboratory testing for toxicity
(acute contact and oral) of
benfluralin technical on honey bees
(Apis mellifera L.)
IBACON, Report No. 13263036
GLP
Unpublished
A laboratory study to evaluate the
effects of ‘Bonalan’ (EF-1533, an
EC formulation containing 180 g L1 benfluralin) on the parasitic wasp
Aphidius rhopalosiphi
(Hymenoptera, Braconidae)
Ecotox Ltd, Report No.
EA00T2A001
GLP
Unpublished
Effects of benfluralin 180 g/L(EF1533) on the parasitoid Aphidius
rhopalosiphi, extended laboratory
study - dose response test
IBACON, Report No. 13081002
GLP
Unpublished
A laboratory study to evaluate the
effects of ‘Bonalan’ (EF-1533, an
EC formulation containing 180 g L1 benfluralin) on the predatory mite
Typhlodromus pyri (Acari:
Phytoseiidae)
Ecotox Ltd, Report No.
EA00T2A002
GLP
Unpublished
Effects of benfluralin 180 g/L (EF
1533) on the predatory mite
Typhlodromus pyri, extended
laboratory study - dose response
test
IBACON, Report No. 13082062
GLP
Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
21
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
22
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
20

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

N

N

Not applicable

Gowan
Crop
Protection
19

N

N

Not applicable

Gowan
Crop
Protection
20

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection
21

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop22
Protection

RMS: NO
Co-RMS: NL
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Data
point

Author(s)

Year

CA
8.3.2.3
/01

Elcock,
V.L.

2000

CA
8.3.2.3
/02

Buttle,
V.L.

2000

CA
8.3.2.3
/03

Schmitzer,
S.

2003

CA
8.4.1/0
1

23
24

Lührs, U.

2002

CA
8.4.1/0
2

Hayward,
J.C.

2003a

CA
8.4.1/0
3

Hughes,
C.

2005

CA
8.5/01

Hayward,
J.C.

2003
b

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
A laboratory study to evaluate the
effects of ‘Bonalan’ (EF-1533, an
EC formulation containing 180 g L1 benfluralin on Poecilus cupreus
(Coleoptera: Carabidae)
Ecotox Ltd, Report No. ER-00HMA354
GLP
Unpublished
A laboratory study to evaluate the
effects of ‘Bonalan’ (EF-1533, an
EC formulation containing 180 g L1 benfluralin) on the green
lacewing, Chrysoperla carnea
(Neuroptera: Chrysopidae)
Ecotox Ltd, Report No. ER-00HMA355
GLP
Unpublished
Effects of benfluralin 180 g a.i./L
(EF 1533) on the reproduction of
rove beetles Aleochara bilineata extended laboratory study
IBACON, Report No. 15282071
GLP
Unpublished
Acute toxicity (14 days) of
benfluralin technical to the
earthworm Eisenia fetida in
artificial soil
IBACON, Report No. 13261021
GLP
Unpublished
Trifluralin Metabolite TR-4: 14 Day
Soil Exposure Acute Toxicity Study
in the Earthworm Eisenia foetida.
Report No.031065 CEMR-2082
GLP
Unpublished
Benfluralin Diamine : Acute
Toxicity Test with the Earthworm,
Eisenia fetida.
Report No.050326
GLP
Unpublished
Trifluralin metabolite TR-4:
Determination of effects on soil
microflora activity
CEMAS, Report No. CEMR 2083
GLP
Unpublished

Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data
Gowan Crop Protection Ltd and Finchimica S.p.A. are co-owners of the data

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection
23

N

N

Not applicable

Gowan
Crop
Protection
24

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

RMS: NO
Co-RMS: NL
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Data
point

Author(s)

Year

CA
8.6.2/0
1

Waldrep,
T.W.

1989a

CA
8.6.2/0
2

Waldrep,
T.W.

1989
b

CA
8.6.2/0
3

Waldrep,
T.W.

1989c

CA
8.6.2/0
4

Schwab,
D.

1995

CA
8.8/01

Hertl, J.

2002

Title
Company Report No.
Source (where different from
company)
GLP or GEP status
Published or not
Influence of Benefin on the
germination of seeds of ten crop
plants
DowElanco Global Herbicide
Discovery Research, Report No.
61989010
GLP
Unpublished
Influence of Benefin preemergence
spray on seedling emergence and
vegetative vigor of ten crop plants
DowElanco Global Herbicide
Discovery Research, Report No.
61989015
GLP
Unpublished
Influence of Benefin postemergence
spray on the vegetative vigor of ten
crop plants
DowElanco Global Herbicide
Discovery Research, Report No.
61989011
GLP
Unpublished
Evaluating the effects of Benefin on
the seedling emergence and
vegetative vigor of non-target
terrestrial plants
ABC Laboratories, Inc., Report No.
42240
GLP
Unpublished
Toxicity of benfluralin technical to
activated sludge in a respiration
inhibition test
IBACON, Report No. 1301171
GLP
Unpublished

Verteb
rate
study
Y/N

Data
protect
ion
claime
d
Y/N

Justification if
data
protection is
claimed

Owner

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

N

N

Not applicable

Gowan
Crop
Protection

