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Preface
This document describesthe information requirements under the REACH Regulation with
regard to substance properties, exposure, uses an drisk management measures, and the

chemicalsafetyassessment . lItis partof a series of guidance documents that are aimed

to help all stakeholders with their preparation for fulfiling their obligations under the

REACH Regulation. These documents cover d etailed guidance for a range of essential
REACH processesas well as for some specific scientific and/or technical methods that
industry or authorities need to make use of under the REACH Regulation .

The original versionsof the  guidance documentswere dr  afted and discussed within the
REACH Implementation Projects (RIPs) led by the European Commission services,

involving stakeholders from Member States, industry and non -governmental
organisations.  After acceptance by the Member States competent a uthorities the
guidance documents had been handed over to ECHA for publication and further
maintenance. Any updates of the guidance are drafted by ECHA and are then subject to

a consultation procedure, involving stakeholders from Member States, industryand non -
gove rnmental organisations. For details of the consultation procedure, please see:

https://echa.europa.eu/support/quidance/consultation -procedure/ongoing __ -reach/

Consultation procedure for Guidance [PDF]

The guidance documents can be obtained via the website of the European Chemicals
Agency at:

http://echa.europa.eu/web/quest/guidance -documents/quidance _-on-reach
Further guidance  documents willbe published on this webs ite whenthey are finalised or
updated.

This document relates to the REACH Regulation (EC) No 1907/2006 of the European
Parliament and of the Council of 18 December 2006 1

! Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 December 2006
concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), establishing a

European Chemicals Agency, amending Directive 1999/45/EC and repealing Council Regulation (EEC) No

793/93 and Commission Regulatio n (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission
Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC (OJ L 396, 30.12.2006 , p.1; corrected by OJ L
136, 29.5.2007, p.3 ).


https://echa.europa.eu/support/guidance/consultation-procedure/ongoing-reach/
https://echa.europa.eu/documents/10162/17207/pro-0011_consultation_procedure_for_guidance_en.pdf/21fa2b20-60cc-481e-833b-9afbee9ac966
http://echa.europa.eu/web/guest/guidance-documents/guidance-on-reach
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Convention for citing the REACH regulation
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See Chapter R.20
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R.7.10 Bioconcentration and bioaccumulation; long -term
toxicity to birds

R.7.10.1 Aquatic bioaccumulation

Information on accumulation in aquatic organisms is vital for understanding the
environmental behaviour of a substance, and is a relevant consideration at all supply
levels, evenwhenit is not a specified requirement. The information is used for hazard
classification and PBT assessment as well as wildlife and human food chain exposure
modelling for the chemical safety assessment. It is also a factor in deciding whethe

long -term ecotoxicity testing might be necessary. This is because chemicalaccumulation
may result in internal concentrations of a substance in an organism that cause toxic
effectsover long -term exposures even when external concentrations are very small
Highly bioaccumulative  substances may also transfer through the food web, which in
some cases may lead to biomagnification.

R.7.10.1.1 Definitions of aquatic bioaccumulation

Severalterms have beenused to describe chemical accumulation in biota, and slightly
diffe rent definitions of these (all of equalvalidity) may be found in the literature. For the
purposes of this document the following definitions have been used:

Accumulation isa general term for the net result of absorption (uptake), distribution,
metabolism andexcretion (ADME) of a substance in an organism. These processes are

discussed in detail in the mammalian toxicokinetics guidance document (see Section
R.7.10.15 ). In aquatic organisms, the main removal processes i referred to as
elimination or depuration T is diffusivetransferacross gill surfaces and intestinal walls,

and biotransformation to metabolites that are more easily excreted than the parent
compound. Fu rther discussion of aquatic bioaccumulation processes may be found in
other reference sources such as ECETOC (1996) and Boethling and Mackay (2000).
Maternaltransferto eggs may add to depuration and can sometimes be significant, while
growthmay affectt  he concentrationin anorganism in the case when the rate of other
excretion processes is in the same order of magnitude as the growth (dilution) rate.

Bioconcentration refers to the accumulation of a substance dissolved in water by an
aquatic organism. Annexlof OECD testguideline ( TG) 305 contains definitions for BCF.
The steady -state bioconcentration factor (BCFss) is the ratio of the concentration of a
substance inan organism to the concentration in water once a steady state has been
achieved:

BCFss = Co/Cw
where BCF is the bioconcentration factor (L/kg)
C, is the substance concentration in the whole organism (mg/kg, wet weight)
Cw is the substance concentration in water (mg/L)

Please note that correctionsforgrowth and/ora standard lipid content are notaccounted
for in this definition of the BCF.
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The steady - state bioconcentration factor (BCF ss) does not change significantly over a
prolonged period of time, the concentration of the test substance in the surrounding
medium being constant during th is period.

Assuming that the organism can be mathematically represented as a homogeneously

mixed single compartment (Sijm, 1991), and thatfirst orderkinetics applies, a BCF can

also be expressed onakinetic (i.e. non - equilibrium) basis as the quotient o f the uptake
and depuration rate constants:

(Kinetic ) BCFK = k1/k2
where ki is the uptake clearance [rate constant] from water (L/kg/day)
k. is the elimination rate constant (day .

In principle the value of the BCFss and the BCF « for a particular substance should be
comparable, butdeviations mayoccur if steady - state wasuncertain or if corrections for
growth have been applied to the kinetic BCF.

Bioaccumulation refersto uptake from all environmental sources including water, food
and sediment. The bioaccumulationfactor (BAF)can be expressed for simplicity as the
steady -state (equilibrium) ratio of the substance concentration in an organism to the
concentration in the surrounding medium (e.g. water in natural ecosystems).

For sediment dwellers,the bioaccumulationfactor BAFis the ratio of the concentrations
in the organism and the sediment ,asdefinedby OECDTG 315 . This may be normalised
by multiplication with the quotient of the fraction of organic carbon of the sediment and

the f raction of lipidin the invertebrate (f ocff iip), inwhich case the term is referred to as
the biota -sediment accumulation factor (BSAF).

Biomagnification refers to accumulation via the food chain. It may be defined as an
increase in the (fat -adjusted) inte rnal concentration of a substance in organisms at
succeeding trophic levels in a food chain. The biomagnification potential can be
expressed as either:

a trophic magnification factor (TMF), which is the concentration increase in organisms
with an increase  of one trophic level (Fisk et al. , 2001); or

a biomagnificationfactor  (BMF),which is the ratio of the concentration in the predator
and the concentration in the prey:

BMF = C ,/Cyq
where BMF is the biomagnification factor (dimensionless)
C, is the steady -state substance concentration in the organism (mg/kg)
Cq is the steady -state substance concentration in the diet (mg/kg).

Whereas BMFs describe the increase in concentrations from prey to predator, TMFs
describe the average increase in concentration per trophic level.
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Trophicdilution occurswhenthe concentra tionof a substance ina predatorislowerthan
that in its prey (due to greater metabolic capacity and increased compartmentali sation of
higher trophic level species, etc.).

Secondarypoisoning referstothe toxic effects in the higher members of a food ¢ hain
that result from ingestion of organisms from lower trophic levels that contain
accumulated substances (and/or related metabolites).

In all of the above equations, the concentration in the organism should be expressed on

a wet (rather than dry) weight basis. In addition, it is important to consider lipid
normalisation and growth correction in some circumstances and these are considered
further in  Section R.7.10.4 and R.7.10.5 .

R.7.10.1.2  Objective of the guidance on aquatic bioaccumulation

The aim of this document s to provide guidance to registrants on the assessment of all
available data on a substance related to aquatic bioaccumulation, to allow a decision to
be made on the need for further testing.

R.7.10.2 Information requirements for aquatic bioaccumulation
Annex VIII, Section 9.3., Col umn 2 s p e c Fdrtheeisformhatiom bn i
bioaccumulation shallbe generated if additional information on bioaccumulation as set

out in Annex XlIlI, point 3.2.2, is required to assess PBT or vPvB properties of the
substance in accordance with subsection 2.1 of that Annex.

In case the generation of additionalinformation requires further testing in accordance

with Annex IX or Annex X, the registrant shall propose or the Agency may require such

testing. 0

| f a registrant, while conducting a CSA, cannot de
substance does not fulfil thie) PBThensdubh®PtvBnece italfa
or vPvB criteriao in the PBT/VvPvB assessment wusing
he must, based on section 2.1 of Annex Xlll to REACH, generate the necessary

information. In such a case, the only possibility to refra in from testing or generating

other necessary information is to treat t(foe substa
further details, see Chapter R.11 of the Guidance on IR&CSA ).

Annex IX , Section 9.3.2 to REACH indicates that information on bioaccumulation in

aquatic 1 preferablyfish 1 speciesisrequiredforsubstancesmanufactured or imported

in quantities of 100 t/y or more. In general, this means the establishment of a fish

bioconcentration factor, although a biomagnification factor may also be appropriate in

somecircumstances. I n column 2 of this s etletstudy ndoastot ineed not ed t
to be conducted if:

1 the substance has alow potential for bioaccumulation (for instancea log Kow

O 3) and/or a | ow potenti al to cross biologic
9 direct and indirect exposure of the aquatic compartment is unlikely.

The study m ay not be waived on the basis of low octanol -water partition coefficient
alone, unless the potential for bioaccumulation of the substance is solely driven by
lipophilicity. For instance, the study may not be waivedon the basis of low octanol - water
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partiti oncoefficientaloneif the substance is surface active or ionisable atenvironmental
pH((pPEH 4 1 9).

For nanoforms, use of any physicochemical property (e.g. octanol water partition
coefficient, dissolution rate, dispersion stability) as areason for waiving the study shall
include adequatejustification of its relevance to low potential for bioaccumulation or

unlikelydirectand indirect exposure of the aquat iccompartment. 0 Further below in this
Guidance itis explainedwhen a bioaccumulation study may or may not be waived on
the basisof low octanol -water partition coefficient alone and what may be considered

and recommended to be done in such cases

Reliab le measured data are preferred if available (see Section R.7.10.5 ),butAnnex Xl to
REACH also applies, encouraging the use of alternative informat ion at all supply levels
beforeanew vertebrate testis conducted. Anumber of alternative methods have been
developed, such as the freshwater amphipod Hyalella azteca bioaconctration test

(HYBIT) ( OECD draft TG under revision ; OECD, 2023 ), which delivers an aquatic BCF
value, or estimation of intrinsic hepatic clearance from invitro assays accordingto OECD
319 A and B, which can be extrapolated to a BCF using in vitro -invivo extrapolation
(IVIVE) methods. A number of QSARs are also avail  able, the applicability of which
depends onthe reliability and adequacy of the prediction foreach specific substance. The

OECD QSAR Assessment Framework provides guidance on how to support prediction

from QSAR models appropriately .Prediction techniques a re well developed for many
classes of organic substance (see Section R.7.10.3 ), and surrogate information (e.g. the
octanol -water partition coeffic  ientor K ow) may sometimes suffice onits own or as part of

a Weight - of-Evidence approach. The methods to determine aquatic bioaccumulation are
summarised in  Section R.7.10.3 .

R.7.10.3 Available information on aquatic bioaccumulation

The following sections summarise the types of relevant data that may be available from

laboratory tests or other sources. It should be noted  that most of the methods were
developedfor neutral (i.e. non -ionised) organic  substances , andthere may be problems
applying some of the concepts to other substances T further guidance is provided in

Section R.7.10.4 .

Several databases exist that summarise such information on a large number of
substances, and the more important ones are described in Appendix R. 7.10 -1.

R.7.10.3.1 Laboratory data on aquatic bioaccumulation
Invivo tests for aquatic bioaccumulation

Fish bioconcentration test

Traditionally, bioconcentration potential has been assessed using laboratory experiments

that expose fish to the substance dissolved in water. A number of standardised test

guidelines are available. T  he current EU C.13 method is based on the OECD test

guideline (TG) 305, 1996, which was updated in October 2012 and is briefly described
below. The OECD TG 305 (OECD, 2012 a) is the most widely used test guideline. Other
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guidelines such as ASTM E1022 -94 (ASTM, 2003) and the public draft guideline OPPTS
850.1730 (US EPA, 1996a) are very similar ?

The revised OECD TG 305 (OECD, 2012 a) providesguidancefor thefollowing three tests
with different exposure method s and samp ling schemes :

I OECD TG 305 -I: Aqueous Exposure Bioaccumulation Fish Test
1 OECD TG 305 -II: Minimised Aqueous Exposure Fish Test
1 OECD TG 305 -IlIl: Dietary Exposure Bioaccumulation Fish Test

The main changes in the revised test guideline compared to the prev ious version of
OECD TG 305 from 1996 are the following:

1 Thetesting of only one test concentration can be considered sufficient, when it is
likely that the bioconcentration factor (BCF) is independent of the test
concentration.

1 A minimised aqueous exposur  etestdesignin whicha reduced number of sample
points is possible, if specific criteria are met.

1 Fishlipid contentshould be measured so that BCF can be expressed on a lipid -
normalised basis, as well as normalised to a 5% lipid content to allow
compar ison with other studies

1 Greater emphasis on kinetic BCF estimation (when possible) next to estimating
the BCF at steady state.

1 For certain groups of substances, a dietary exposure test willbe proposed, where
this is considered more suitable than an agueo us exposure test.

1 Fishweight should be measured atleast atthe startandend of the study so that
BCF« can be corrected for growth dilution.

During agueous bioconcentrationtesting, a sufficient number of fish are exposed to one
or two sub -lethal concentrations of the test substancedissolved in water. Both fish and

water are sampled at regular time -intervals and the concentration of test substance
measured. Tests are generally conducted using a flow -through system, although a
renewalsy stemis allowed if the requirementof constant aqueous concentration is met

(flow -through methodsare preferredfor hydrophobic substances (i.e. log K ow >3) ). After
reachinganapparentsteady  -state tissue concentration (or after 28 days, whichever is

soon er), the remaining fish are transferred to clean water and the depuration is f ollowed

If a steady -state is not achieved within 28 days, either the BCF is calculated using the

kinetic approach or the uptake phase can be extended. Further guidanceonthe du  ration
of the uptake and depuration phases is included in paragraphs 17 and 18 of OECD TG

305.

2

The main differences concern the: (a) method of test w ater supply (static, semi - static or flow through); (b)
requirement for carrying out a depuration study; (c) mathematical method for calculating BCF; (d) sampling
frequency; (e) number of measurements in water and number of samples of fish; (f) requirement for

measuring the lipid content of the fish; and (g) minimum duration of the uptake phase.
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Paragraphs 49 -51 of the OECD TG 305 explainthe conditions under which use of a single

exposure concentration is possible and further guidance is available in the OECD
Guidance Document onaspectsof OECD TG 305on fish bioaccumulation (OECD, 2017).
The main benefitof the single concentration bioconcentration test is that it uses fewer

fishthanthe two concentration s test. Therefore , there are animal welfare benefits in
performing the single concentration test

The aim of the aqueous bioconcentration testing is to produce a reliable estimate of how

much substance could concentrate from the aquatic compartment (C w) to fish (C 1) so
tha t a bioconcentration factor (BCF ss) can be calculated by using the ratio C +/Cw at
steady -state.However,aBCF « valueis preferred, and it may also be calculated as the

ratio of the uptake rate constant ( k1) and the depuration rate constant (k 2). OECD TG
305 (OECD, 2012 a) contains a procedure for growth correction. To avoid uncertainty
caused by growth correction, non -growing adultfish are preferred for testing. Aqueous

exposure tests (i.e.OECD TG 305-1and 305 -Il) are most validly applied to substances
with log K o values between 1.5and 6. Practical experience suggeststhatif the aqueous

solubility of the substance is low (i.e. below ~0.01 to 0.1 mg/L), this test might not

provide areliable BCF because it is very difficult to maintain exposure concentr ations
(Verhaar etal. ,1999). Volatile and degradable substances are also difficult to test with

this method for similar reasons and flow -through testing  is thus recommended

Previous OECD TG 305 (OECD, 1996 )

The 1996 OECD guideline  consolidates five earlier guidelines (A -E) (OECD, 1981) into a
single revised method. If data have been obtained with one of these earlier guidelines,

the method should be compared to the consolidated version to determine if any

significant differences exi st (e.g. the 1996 and 2012 OECD guideline s no longer
recommend the enhancement of solubility by using dispersants).

A related approachis the Banerjee method (Banerjee et.al. ,1984), whichassumes that
the decline in measured aqueous concentrations of at estsubstancein a static exposure
test system is due to accumulation by fish (the estimated increase in fish tissue

concentrations being calculated as a mass -balance). An adaptation called the adjusted
Banerjeemethod includes monitoring of fish concentra tions as well (de Maagd, 1996).

Fish dietary bioaccumulation test

In fishdietary exposure test s, a sufficient number of fish are usually exposed to one
sub - lethal concentration of the test substance spiked on fish food. Both fish and
experimental diet  are sampled at regular time intervals and the concentration o f test

substance measured. It is recommendedto  conduct the test using a flow -through
system inorder tolimit potentialexposure of the test substanceviawater as a result of

any desorption from spiked food or faeces. However, semi - static conditions are also
allowed. An uptake phase of 7 -14 days is recommended but it can be extended if
necessary. As fish may not reach steady -state during the uptake phase, the data
treatmentand results are usually based on a kinetic analysis of tissue residues. This lack
of steady state mayalso apply to the BMF measuredforany refer ence substances used
in thetest. The depuration phase begins when the fish are fed for the first time with
unspiked food and usually lasts for up to 28 days or until the test substance can no

longer be quantifiedin whole fish, whichever is sooner . Itis important to remove any
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uneaten food and faeces shortly afterfeeding to avoid the test substance partitioning to
the water leading to exposure via the water.

A dietary exposure test (OECD TG 305 -1ll: Dietary Exposure Bioaccumulation Fish Test)
should be ¢ onsideredfor substances for whichit is not possible to maintain and measure

aqueous concentrations reliably and/or potential bioaccumulation may be predominanty

expected fromuptake via feed. Asindicatedinthe OECD TG 305, f or strongly hydrophobic
sub stances (logK ow>5and awater solubility below~ 0.01 -0.1 mglL), testing via aqueous
exposure may become increasingly difficult. However, an aqueous exposure test is
preferredfor substances that have a high log K ow and a water solubility level that all ow
determination by  available analytical techniques, and for which the maintenance of the
aqueous concentration as well as the analysis of these concentrations do not pose any
constraints.Also, if the expected fish concentration (body burden) via water exp osure
within 60 days is expected to be below the detection limit, the dietary test may provide

an option to achieve body burdens that exceed the detection limits for the substance. As

such, the principle idea of the dietary test is to obtain a depuration r ate constant for
substances for which this is impossible via the aqueous exposure route. However, an

improved exposure method (e.g. column generated concentrations) and a refined
analyticaltechniqgue |, e.g.solid phase microextraction (SPME) and the use of a radiolabeled
substance could be considered first to improve the application and detection limitin the
aqueous test as a preferable alternative to a dietary study. The endpoint for a dietary
study is a dietary biomagnification factor (dietar y BMF), which is the concentration of a
substance in predator (i.e. fish) relative to the concentration in the prey (i.e. food) at

steady state. The dietary test also provides valuable toxicokinetic data including the
chemical assimil at ibsorptoedf tbst subistanoecagrosg thé gut)a and the
whole body elimination rate constant ( k2). Once the assimilation efficiency has been
obtained, a kinetic BMF can be calculated by multiplying it with the feeding rate constant

(I) and dividing the product by the overall depuration rate constant k 2. However, the
preferredendpointfromthe OECD TG 305 dietary exposuretest is the BCF value estimated

from apredicted uptake rate constant and the experimentally determined depuration rate

using the Dietary Exp osure Test Spreadsheet of OECD 305 TG ° unless it can be
demonstrated that the uptake rate constant (k1) cannotbe reliably estimated with the
available methods . Detailed description of them ethods to estimate a BCF from a dietary
study can be found in Annex 8 of OECD TG 305 (OECD, 2012a) and the Guidance
Document on Aspects of OECD TG 305 (OECD 2017) in chapter 4.6.3, comprising 1)
Uptake rate constant estimation method , 2) Relating depurationrate constantdirectly to

BCF and 3) Correlating dietary BMF with BCF

More informationon  the fishdietary bioaccumulation test and the use of the results from
it inthe PBT assessmentcanbe foundinthe Chapter R.11 of the ~ Guidance on IR&CSA
Further information about interpretation of these studies is available in Section

R.7.10.4.1 and in OECD (2017).

3 . . . .
Accessible at  https://www.oecd.org/chemicalsafety/testing/section -3-environmental -fate -
behaviour -software -tg-305.htm  (last accessed: October 2022)
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Invertebrate tests  : Hyalella azteca bioconcentration _test (HYBIT)
Hyalella azteca is an epibenthic amphipod  which is widespread in North and Central

America andcommonlyused forecotoxicity studies (Environment Canada 2013; US EPA

2000 c; ASTM International20 20). The freshwater amphipods can be easily cultured in

the laboratoryand are available during the entire year. Due to their high reproduction

rate and fastgrowth, exper imental organismscan be raised withina few weeks to adult

size to meetthe need for a high amount of large organisms required for bio accumulation
testing (Schlechtriem etal. 2019).

A draft OECD TG for the Hyalella azteca bioconcentration test (HYBIT) is under revision
(OECD draft TG under revision : OECD, 2023 . It is discussed further in Section
R.11.4.1.2. 2 in Chapter R.11 of the Guidance on IR&CSA . This TG provides a non -
vertebrate testto  estimate the bioconcentrati on potential of substances.

The TG has beendevelopedinsuch a way that it is as close as possible to the concept
describedin OECD TG 305. However, a minimi sed exposuredesign and a protocolfor the
performance of biomagnification experiments are not av ailable in this TG.

Apart from the established flow -through regime commonly applied in fish

bioconcentration studies, semi - static regimes are permissible as exposure scenarios in
studies carried out according to this TG. Bothregimes have beenvalidateda s part of an
internationalring trial. The agueous exposuretestis most appropriately applied to stable
organic chemicals withlogK  ow values between 1.5 and 6.0, but may still be applied to
strongly hydrophobic substances (having log K ow > 6.0), if a sta ble and fully dissolved
concentration of the test substance in water can be demonstrated.

The decision on whether to conducta flow -through orsemi - static exposure experiment,
should be based on the opportunity to maintain stable exposure concentrations i n the
water phase during uptake . Parameters derived from the test which characterise the
bioaccumulation potential of chemicals include the uptake rate constant (k 1), the
depuration rate constant (k 2),the steady - state bioconcentration factor (BCF ss)andt he
kinetic bioconcentration factor (BCF K).

Radio - labelled test substances can facilitate the analysis of water and tissue samples,
and may be usedto determine whether identification and quantification of metabolites
will be necessary.

Inve rtebrate tests: others

Several other standardisedguidelines  for bioconcentrationin invertebrates existorarein
developmen t:

OECD TG 315 Bioaccumu lation in Sediment - dwelling Benthic Oligochaetes is a further
method for generating bioaccumulation information in aquatic invert ebrates . The
recommended oligochaeta species are Tubifex tubifex  (Tubificidae) and  Lumbriculus
variegatus (Lumbriculidae). The  species Branchiura sowerbyi (Tubificidae) is also
indicated but it should be noted that it has not beenvalidated in ring tests atthe time of

writing. The bioaccumulation factor (expressed in kg wet (or dry) sediment-kg 1 wet (or
dry) worm) is the main re levant outcome and can be reported as a steady state
bioaccumulation factor BAF  ss or as the kinetic  bio accumulation factor (BAF ). In both

cases the sediment uptake rate constantk s (expressedinkg wet (or dry) sediment-kg =
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of wet (or dry) wormd ‘1),and eliminationrate constant k e (expressedind ') should be
reportedaswell. The biota  -sedimentaccumulation factor (BSAF) is the lipid -normalised
steady state concentration of test substance in/on the test organism divided by the

organic carbon -normalised concentration of the substance in the sediment at steady

state. Toreduce variability in test results for organic substances with high lipophilicity,

the BSAF should be reported (OECD, 20 08). It should be noted that the term biota -
sediment accumulation factor (BSAF) has been used in the literature to refer to

bioaccumulation factorsin sediment which have not been normalised to organism lipid
and sediment total organic carbon content. Care shou Id be taken to ensure it is clear
what the reported value refers to.

OECD TG 315 recommendsthe use of artificial sediment. If natural sediments are used,

the sediment characteristics should be specifically reported. For lipophilic substances,

BSAFs often vary with the organic carbon (OC) content of the sediment. Typically a
substance willhave greater availability to the organism when the sediment OC content is
low, compared to a higher OC content . It should be considered to test at least two
natural sedim ents with different organic matter content, the characteristics of the

organic matter, in particular the content of black carbon, should be reported. To ensure
comparability of results between different sediments, BSAF normalised to organism lipid
and sediment total organic carbon content is used. This allows tests on the same
substance and tests on different substances to be comparable. The load rate should be

as low as possible and well below the expected toxicity, however it should be sufficient

to ensur e thatthe concentrations in the sediment and in the organisms are above the
detection limit throughout the test. The relevance of bioavailability of the substance for

the testorganism should also be considered .In (normal) cases, whe n accumulationfrom
the porewateris expected to dominate, bioaccumulation could be expressed as a BCF
between organismand dissolved porewater concentrations. It is important to consider
the implications of the worm gut contents when interpreting the study results (Mount et

al, 199 9; OECD TG 315).

ASTM E1022 -94 (replaced by ASTM E1022 -22) describes a method for measuring
bioconcentrationin  saltwater bivalve molluscsusing the flow -through technique (ASTM,
2003). It is similar to t he OECD TG 305, with modifications for molluscs (such as size,
handling and feeding regime). Consequentlyit has similar applicability. Results should be
reportedi nterms of totalsofttissue as well as edible portion, especially if ingestion of

the test material by humans is a major concern. For testson organic and organometallic

substances , the percent age of lipids in the tissue should be reported. Recommended
species are Blue Mussel(  Mytilusedulis ),Scallop( Pecten spp.) and Oyster ( Crassostrea
gigas or C.virginica ). A similar test is described in OPPTS 850.1710 (US -EPA, 1996b).

ASTM E1688 -00a (ASTM, 2000) describes several bioaccumulation tests with spiked

sediment using a variety of organisms (some of these are also covered by US -EPA
guidelines), including: freshwateramphipods (  Diporeiasp .), midge larvae (  Chironomus
tentans )and mayflies( Hexageniasp .). Many of these are based on techniques used in
successf ulstudies and expert opinion rather than a specific standard method. The small
size of many of these organisms sometimes meansthatlarge numbersof individuals are

required forchemicalanalyses. Further useful information on sediment testing can be

found in US -EPA (2000a).
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In addition, non - standard tests maybe encountered inthe scientific literature, involving
many species. Some information on uptake may also be available from sediment

organism toxicity tests if tissue analysis is performed. However, a test specifically
designed to measure uptake is preferable.

Invitro  data on aquatic bioaccumulation

Proceduresusedto estimate intrinsic hepatic clearance from invitro assay data were
originally developed by the pharmaceutical industry to support preclinical screening of
drug candidates (Rodrigues, 1997). These procedures have been used for several
decades (Rane etal., 1977) , and significant progress has been made in refining the
methods and applying them to a broad range of substrates (Riley etal. ,2005 ;Hallifax et
al., 2010 ). Mostof thiswork has been performed using mammalian (rat, mouse, human)

tissue preparations ( liver microsomes, primary hepatocytes , and liver slices) .

Fish invitro methods havethe potential to provide important data for bioaccumulation
assessments, and although many require sacrifice of live animals, they may contribute to

a reductionin (or refinement of)animal testing. In 2018, in vitro methods to m easure
intrinsic clearance of atest chemical have been adopted into OECD test guidelines , using
either fishhepatocytes (  OECD TG 319A, OECD 2018b ) or liver S9 subcellular fractions
(OECD TG 319B , OECD 2018c) , and a n accompanying guidance document (OECD,

2018a) together with excel spreadsheets for IVIVE calculations * has been published
Theuse of invitro dataforbioaccumulationassessmentrequiresa strategyfor invitro -in
vivo extrapolation (IVIVE) of measured biotransformation rates and incorporation of
estimated hepatic clearanceinto appropriate computationalmodels. The invitro assays

are generally performed using a substrate depletion approach, wherein the goal is to
measureloss of atestsubs  tance (parentcompound) added to the biological matrix. This
information is then converted to a whole -body biotransformation rate constant using
several extrapolation factorsand combined with estimatesfor uptake across the gills and

all non -metabolicrou tes of elimination to predict a n invitro BCF. Uncertainties of the
conversionina whole body biotransformation rate constant concern the IVIVE models,

the consideration of extrahepatic transformations, protein binding, and possible

enzymatic inductionof  biotransformation enzymesthat may bias the results (Laue et al
2020). For ionisable compounds, OECD TG 319 may apply, however, the currently
available invitro -invivo extrapolaton model s may not always apply to all (types of)
ionisable substancesanda  daptation maybe needed (Regnery etal. 2022, chapter 3.5 ).

Over the pastyears, several computational models integrating th e IVIVE approach have
become available;the model complexitiesrange from simple one -compartment models
(Krause andGoss 2020, Nichols etal. 2013, Trowell etal. 2018 )to morecomplex multi -
compartment models (  Krause and Goss 2020, Nichols etal. , 1990; Stadnick a etal. ,
2012; Stadnicka -Michalak etal. ,2014 ). In mostcases the use of avery simple approach

(one - compartment model) may suffice (Krause and Goss 2020 ). Recentrefinementsthat

4

OECD Guidance Document No 280: https://www.oecd.org/chemicalsafety/testing/series -testing - assessment -
publications - number.htm ; Hepatocytes: https://www.oecd.org/env/ehs/testing/HEPspreadsheet.xlsx ; S9 -mix:
https://www.oecd.org _/env/ehs/testing/S9spreadsheet.xlIsx
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concernallmodels regardless of their complexity are the use of the revised invitro -in
vivo extrapolationformalism (Krauseand Goss , 2018) and the use of composition -based
binding algorithms (Krause and Goss 2021; Lee etal. 2017 ; Saunders etal. 2020),
rejecting the assumption that binding invitro and invivo is the same ( ratio of unbound
fraction s fu < 1), which is is especially important in case of hydrophobic organic
chemcials . The development of integrated testing strategies in combination with data

from different modeling approaches could lead to a more holistic insight into the
bioconcentration mechanisms in future applications.

In vitro methods employing tissues other than liver, including gill and gastrointestinal

tract , are in the earlier stages of development, as are assays using cell lines derived
fromthesetissues. Invitro datafromthese extrahepatic systems may be of particular
importance when substances are metabolisedinthe gills or gut, or when dietary uptake

is the primary route of exposure. Although these methods have not been used as
broadly as the liver S9 and primary hepatocyteassays, they are promising approaches

that could also address the role of metabolismin bioaccumulation assessment once they

aref urtherdeveloped, standardis ed and validated.  Suitable computational models that
allow the considerationof invitro data in gill and/or GIT are already available (Krause
and Goss, 2020; Stadnicka -Michalak etal. , 2018 ).

It should be noted that the presenc e/absence and activities of different metabolising
enzymesvariesamong  species,and quantitative correlationswith fish have notyet been
established. Moreover, the presence of measurable metabolism does not necessarily
correspondto adecreaseinrisk. A [thoughin generalthe products of biotransformation
are eliminated more rapidly than the parent compound from which they derive, this is

not alwaysthecase. Thisis also a relevant consideration for biotransformation which
occurs invivo .

Technicalchal lengesassociatedwith  invitro measurementof biotransformation include

the limited working lifetime of these preparations and difficulties associated with the use

of very hydrophobic (high log Kow) test substances. Liver spheroids remain viable for

long periods of time and may be particularly well suited for low clearance compounds

(Baron etal. ,2012), although this remains to be determined. Alternatively, it may be

possible to employ existing S9 and hepatocyte assays using a relay approach, or some

type of hepaticco -culturesystem(Di etal. ,2012;Hutzler etal. ,2015).Lee etal. (2012,
2014) demonstrated the use of a sorbent -phase dosing approach for very hydrophobic
compounds. Research is needed to compare results obtained using this and similar

met hods to rates measured using conventional solvent dosing procedures.

Results of such studies can support the bioaccumulation assessment and can be

considered as part of a  Weight -of - Evidence approach. When comparing in vitro fish
metabolism data with measuredfish BCF data, only data forthe same fish species should

be compared. Currently, further experience is needed in performing invitro fish
metabolism studies on substances with log Kow values >7 -8. Whilst such studies ma vy
help to explainthe proportion of depuration attributable to metabolismitdoes not mean

that a substance cannot reach high body burdens.
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Biomimetic technigues

Biomimetic extraction systems try to mimic the way organisms extract substances from
water. There are three main types:

I semi -permeable membrane devices (SPMD) , Which are usually either a bag or
tube made of a permeable membrane (e.g. low density polyethylene) containing
an organic phase (e.g. hexane, natural lipids or the model lipid triolein)
(S 6dergren, 1987; Huckins etal. , 1990). SPMDs have been used to assess
effluents (Sédergren, 1987), contaminated waters (Petty etal. , 1998) and
sediments (Booij etal. ,1998) as animal replacements for assessing potentially
bioaccumulative  substances .

1 solidphase micro extraction (SPME) , consisting of a thin polymer coating on a
fusedsilicafibre (Arthur and Pawliszyn, 1990). Equilibrium may be achieved in
hours to days, due to the high surface area to volume ratio (Arthur and
Pawliszyn, 1990; Vaes etal, 1996 and 1997).

9 artificialmembranes , prepared from phospholipids that form small unilamellar
vesiclesin water (Gobas  etal. ,1988; Dulfer and Govers, 1995; Van Wezel et al.
1996; Vaes etal. , 1997; Vaes etal., 1998a). These vesicles are thought to
rese mble the lipid bilayers of natural membranes, and they have mainly been
used to study toxicity (e.g. Vaes et al. , 1998b).

All three methods will extract only the freely dissolved (i.e. bioavailable) fraction of

substances fromwatersamples, in proportion to their partitioning coefficient, which is
mainly related to the hydrophobicity of the substance and molecular size. In this way

they simulate the potential for aquatic organisms to bioconcentrate organic substances
by passive diffusioninto storage lipid s and cell membranes. Both SPMD and SPME are
relatively easy to use. Due to the small size of the organic phase, SPME has a much

shorter equilibration time than SPMD and relatively small sizes of water samples can be

used without depleting the agueous phas e. SPMDis more suitable than SPME to assess

the bioaccumulation potential in the field from prolonged exposure with fluctuating
concentrations of contaminants.

Techniques like SPMD and SPME cannotaccountfor metabolism by fish or invertebrates.

It should also be noted that the partition coefficient measured with a particular device
hasto be translated to a BCF for organisms using an appropriate conversion factor. For
example, a number of studies have established relationships between SPME partition
coefficients, log K o and invertebrate BCFs for a variety of compounds (Verbruggen,
1999; Verbruggen etal. , 2000; Leslie et al. , 2002).

Biomimetic extractions are very useful for measuring the bioavail ability of non -
dissociatingorganic  substances inthe water phase,or to measurean average exposure

over time in a specific system. However, when interpreting the results from such

methods inthe context of bioaccumulation, the following points need to be considered:

1 The data produced are simple measures of substance bioavailability, and
uptake rates willdiffer fromuptake rates in organisms. Equations are needed
to translate between the two. They therefore provide a maximum BCF value
formost substance s, linked to the potential passive diffusive uptake into an
organism and distribution into the lipid.
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1 Theydo notsimulate the ability of fish or other aquatic organisms to actively
transport substances ,nor mimic other methods of uptake and storage (e.g.
pr otein binding), which can be important for some substances. They also
neglect mechanisms of elimination, such as metabolism and excretion.

1 Thetime to equilibration with water samplescanbe very long for some types
of device. Forexample, Booij etal. (1998) suggested that results from SPMDs
exposed for less than 2 months should be treated with caution.

Bioconcentration can therefore be eith er overestimated (for readily metabolised and
actively excreted substances )orunderestimated (e.g. in the case of active uptake of a
substance that is poorly metabolised or when bioaccumulation is not governed by
lipophilicity). In addition, since biomime tic methods are only capable of reaching
equilibrium with freely dissolved substances they cannotbe usedto address the potential
uptake via the gut. They are therefore of limited usefulness in the assessment of
bioaccumulation.

R.7.10.3.2 Non -testing data aquatic b ioaccumulation
Non -testing data can generally be provided by:
1 Quantitative structure  -activity relationships (QSARS);
1 Expert systems; and

1 Grouping approaches (including read -across, structure  -activity relationships
(SARs) and chemical categories).

These m ethods can be used for the assessment of bioaccumulation if they provide
relevant and reliable data on the substance of interest.

(Q)SAR models

DISCLAIMER: thissectio n does not include the latest information on the use of (Q)SAR
models asithas notbee nupdate d since publication of the firstversion of this document

(Q)SAR models for predicting fish BCFs have been extensively reviewed in the literature

(e.g. Boethling and Mackay, 2000; Dearden, 2004; Pavan etal. ,2006). E C H A Bractical
Guide 5: Howtouse and report (Q)SARs provides guidance on  how to use and report
(Q)SAR predictions under REACH. The Practical Guide also includes a list of QS AR models
suitable for predicting bioaccumulation in aquatic species (Table R.7.10 6 1).
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TableR. 7.10 0 1 QSAR models suitable for predicting bioaccumulation in aquatic

species

Software tool

EPI Suite (US EPA)
T.E.S.T. (US EPA)

VEGA (IRFMN)

CASE Ultra (MuliCASE)

CATALOGIC (LMC)

Models/Modules

BCF BAF

Bioaccumulation factor

CAESAR, Meylan and
KNN/Read -Across models

EcoTox model bundle

Two BCF base -line models

Free or Commercial

Free

Free

Free

Commercial

Commercial

The most important approaches

presented below.

for aquatic bioaccumulation

(Q)SAR models

Some examples are given to illustrate each model type and the techniques used to

develop them. This overview

isnot intended to be an exhaustive list of models

methods and models should be considered if relevant. Not all the models were developed
with Europeanregulatory purposes inmind, and so it is importantto assess ineach case
whether the predicted endpoint corresponds with the regulatory endpoint of interest.

BCF models based on log Kow

The mostcommon and simplest

QSAR models are based on co

and chemical hydrophobicity (as modelled by log K

relationship is the analogy of the partitioning process between lipid
n- octanoland water (whereby

water to that between

In this model, uptake is considered to be a result of passive diffusion through gill

membranes.

Several log BCF/log K

ow relationships for non

-polar, hydrophobic organic
have been proposed and used in the regulatory applications. Some were derived for

specific chemical classes, like chlorinated polycyclic hydrocarbons (Schiuirmann

1988) and anilines (Zok
(e.g.Nee ly etal. , 1974; Veith
van Leeuwen, 1980; Geyer

etal. ,1984; Hawker

for a set of 55 diverse

log BCF =0.85 3 logKow - 0.70

et al. , 1991), but several include diverse sets of
et al. , 1979; Eligenhausen

etal. ,1982; Mackay, 1982; Veith
and Connell, 1986; Connell
Bintein et al. 1993; Gobas, 1993; Lu

substances :

where R? is the correlation coefficient.

and Hawker, 1988; Geyer
etal. , 1999; Escuder

R? = 0.897, log K

are

: other

rrelations between BCF
ow). The mechanistic basis for this
-rich tissues and
n-octanolacts as alipid surrogate).

substances

etal. ,

substances

et al. , 1980; Kbnemann  and
and Kosian, 1983; Geyer

etal, 1991;

-Gilabert etal. , 2001,
Dimitrov etal. ,2002a). For example, Veith etal. (1979) developed the following QSAR

ow fange =1 -55
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The differencesbetweenthe various correlations are probably due to variations in test
conditions used for the substances in the training sets (Nendza, 1988). The range of log
Kow Vvalues of the substances unde r study may also be too broad.

Linear correlations give a good approximation of the BCF for non -ionic, slowly
metabolised substances with log K ow Values in the range of 1 to 6. However, the
relationship breaks down with more hydrophobic substances, which have lower BCFs

than would be predicted with such methods. Several possible reasonsfor this have been
identified (e.g. Gobas  etal. , 1987; Nendza, 1988; Banerjee and Baughman, 1991),
including:

9 reduced bioavailability and difficulties in measuring exposure concentrations
(due to the low aqueous solubility),

9 failure to reach steady state because of slow membrane passage of large
molecules, and

1 influence of biological processes within the organis m ( growth dilution,
metabolism ), or the test system (  degradation ), etc.

More complicatedtypes of relationship have been developed to overcome this problem.

Hansch (cited in Devillers and Lipnick, 1990) proposed a simple parabolic model; Kubinyi

(1976, 197 7 and 1979) and Kubinyi  etal. (1978) subsequently proposed a bilinear
model, successfully used in many drug design and environmental QSAR studies. Linear,

parabolic and bilinear models were developed and compared by Bintein etal. (1983) on
adatasetof 1 54diverse substances withalog K ow rangefrom 1.12 to 8.60, highlighting

the better performance of the bilinear relationship:

log BCF = (0.910 2 log K ow) - (1.975 2 log (6.8E -7 * Kow +1)) - 0.786
R? = 0.865 s = 0.347 F = 463.51

Where R?is the multiple correlation coefficient, s is the standard error of the estimate
and F is the Fisher test value.

Connell and Hawker (1988) proposed a 4 " order polynomial relationship generated in
such a way that the influence of non -equilibrium conditions was eliminated. The curve,
based ondata on 43 substances, resemblesa parabola witha maximum log BCF value at

a log K ow of 6.7, and decreasing log BCF values for substances with higher log K ow

values. This relationship was recalculated and recommended for use (as the Amodified
Connel | e)nuhe tisk assessment of new and existing substances (EC, 2003):
log BCF = -0.2log K ow? +2.74log K ow - 4.72 R?=0.78

Meylan etal. (1999) proposeda suite of log BCF/log K ow Models based on a fragment
approachfromthe analysis of alarge data set of 694 substances . Measured BCFs and
other experimental details were collected in the Syracuse BCFWIN database (SRC
Bioconcentration Factor DataBase) and used to supportthe BCFWIN software (Syracuse
Research Corporation, Bioconcentration Factor Program BCFWIN). Substance s with
significant deviations fromthe line of bestfitwere analysed carefully dividing them into

subsets of data on non  -ionic, ionic, aromatic and azo compounds, tin and mercury
compounds. Because of the deviation from rectilinearity, different models we re
developedfor differentlog K ow ranges, and asetof 12 correctionfactors and rules were
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introduced to improve the accuracy of the BCF predictions. Onaverage, the goodness of
fit of the derived methodology is within one - half log unit for the compounds under study.

A single non -linear empirical model between log BCF and log K ow Was derived by
Dimitrov etal. (2002a) for 443 polar and non -polar narcotic  substances with log K ow
rangefrom 1 5to 15 extracted from the Meylan etal. (1999) data set. Hydropho bicity
was found to explain more than 70% of the variation of the bioconcentration potential. A

linear relationship was identified in the range for log K ow 1to 6. The compounds were
widely dispersed around and beyond the maximum of the log BCF/log K ow CUrve. This
QSAR gives a Gaussian -typecorrelationto accountforthe log BCF approximating to 0.5

at low and high log K v values. The continuous aspect of the proposed model was

considered more realistic than the broken line model of Meylan etal. (1999). Th e main
originality of this model, comparedto other non -linear QSARSs, is its asymptotic trend for
extremely hydrophilic and hydrophobic substances .

Overall, it can be concluded that:
1 linear equations are applicable in the log K ow range of 1 -6; and
1 non-line ar equations show better performance above a log K ow Of 6.

Alog K ow of 6 can therefore be used as the switch point between the two types, based on
the fact they cross at a log K ow Value just above 6.

BCF models based on other experimentally derived descri ptors

Although not as extensivelyused as log K ow, correlations of BCF with aqueous solubility

(S) have been developed (e.g. Chiou etal. ,1977;Kenaga and Goring, 1980; Davies and
Dobbs, 1984; Jargensen et al. , 1998). It should be noted that a strong (inv erse)
relationship exists betweenlog K ow andaqueous solubility for liquids. However, agueous
solubility is nota good estimate of hydrophobicity for solids (since the melting point also

has an influence), and instead the solubility of the supercooled liq uid should be used (if
this can be estimated, e.g. see Yalkowsk y etal. , 1979).

As an example, Isnard and Lambert (1988) developed the following BCF model for 107
substances (both solids and liquids) where agueous solubility is in mol/m 3

log BCF = -0.47 3 log S + 2.02 R? = 0.76

It should be noted that both the slope and regression correlation coefficient are relatively

low. This is a common problem for such QSARs that include both solids and liquids in

their training set. Predictions may thereforeb e prone to significanterror. Consequently,
specific justification should be made for applying QSARs based on aqueous solubility.

BCF models based on theoretical molecular descriptors

The mechanistic basis of the majority of BCF QSAR models based on either log K ow OF
aqueous solubility was determined prior to modelling by ensuring that the initial set of

training structures and/or descriptors were selected to fit a pre -defined mechanism of
action. However, the empiricalinput parameter data might not always be available for
every substance (e.g. there may be technical difficulties in performing a test), or the

substance could be outside the domain of predictive models. Consequently, other models
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have been proposed in the literature following statistical stud ies based on theoretical
descriptors. Examples include methods based on:

1 molecular  connectivity indices (MCI) (Sabljic and Protic, 1982; Sabiljic,
1987; Lu etal. , 1999; Lu etal. , 2000),

9 solvatochromic or linear solvation energy relationship (LSER) descrip tors
(Kamlet etal., 1983; Park and Lee, 19 93),

1 fragmentconstants ,basedon substance fragmentation according to rules
developed by Leo (1975) (Tao etal. , 2000 and 2001; Hu etal. , 2005),

I quantum chemical descriptors (Wei et al. , 2001), and

1 diverse theoreticalmolecular descriptors selected by genetic algorithm
(Gramatica and Papa, 2003 and 2005).

Theoretical descriptors do not suffer from variability, but are difficult to determine by the

non - expert. Inaddition, such models are perceived by the developers to be capable of

providing predictions fora wider set of substances than is normally the case. However,
whilst the domain of these types of modelis occasionally welldescribed, most re quire a
certain degree of competence to determine whether the training set of the model is
relevantforthe  substance of interest. Since the mechanistic basis of these models is
determined post -modelling, by interpretation of the final set of training stru cturesand/or
descriptors, they are often criticised for their lack of mechanistic interpretability. The use

of this type of model should therefore be thoroughly described and justified if a

registrant chooses to predict a BCF this way.

QSAR model for iden tifyingrdBileo

A base - line modelling conceptwas proposedby Dimitrov etal. (2005a), specifically for
PBT assessment. Itis based onthe assumption of a maximum bioconcentration factor

(BCFmax) (Dimitrov et al. , 2003) with a set of mitigating factors used to reduce this
maximum, such as molecular size, maximum diameter (Dimitrov et al. , 2002b),
ionisation and potential metabolism by fish (as extrapolated from rodent metabolic

pathways). Substances in the training set were divided into groups based on log K ow
intervals of 0.5, and the five highest BCFs in each group were used to fit a curve of

maximum uptake (via passive diffusion). The modeltherefore predicts a maximum BCF

(BCFmax) for a substance, which may be higher than BCFs estimated using other

techniques, especially for small non -ionised poorly metabolised substances.

For the training setused, the mostimportant mitigating factorto obtain a predicted BCF
closest to the actual measured BCF was metabolism. The derived model was
demonstratedtope rformvery wellin terms of sensitivity and specificity. In addition, the
measured BCF data used for the training set are provided together with a general
description of the applicability domain of the model.

Food web bioaccumulation models

While many QSARs have beenproposedto model the BCF, fewer models are available
for the bioaccumulationfactor (BAF) (e.g. Barber etal. , 1991; Thomann etal., 1992;
Gobas, 1993; Campfens  and Mackay, 1997; Morrison etal. , 1997).
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Food chain or food web models can be used to predict bioaccumulation in aquatic (and
terrestrial) organisms (Hendriks and Heikens, 2001; Traas etal. , 2004) as well as
humans (e.g. Kelly et al. , 2004). These models integrate uptake from water, air and
dietary sourcessuch as detritus (water or sediment), plants or animals. Concentrations
in organisms in a food chain can be modelled by linking a set of equations for each

trophic level to describe uptake from water and consecutive food sources.

If species have several dietary sources, a more co mplex food web exists where fluxes
between different species can occur simultaneously. Such a model is mathematically

very similar to multimedia models to describe environmental fate. The great advantage

of these models is that food webs of any dimension c an be described, with as many food
sources as needed, and concentrations in all species can be calculated simultaneously
(Sharpe and Mackay, 2000).

In general, food web models successfully predict steady - state concentrations of
persistent halogenated organ ic pollutants which are slowly metabolised (Arnot and
Gobas, 2004; Traas et al. , 2004). However, these mass -balance models are often
computationally intensive and typically require site -specific information, so are not
readily applicable to screen large nu mbers of substances .

A different, simplerapproach can be taken by estimating the BAF of species at different

trophic levels that account for both water and food uptake with empirical regressions

(Voutsas etal. ,2002)ora semi -empirical BAF model (Arnot and Gobas, 2003). These
are calibrated on measured field BAF data and calculate a maximum BAF for organic
substances inselected generic trophic levels (algae, invertebrates and fish). The Arnot

and Gobas (2003) food web bioaccumulation model is a simple, single mass -balance
equationthat has been used extensively by Environment Canada for categorising organic
substances on the Canadian Domestic Substances List. The model requires few input
parameters (i.e.only K  o» and metabolic transformationrate, if ava ilable i the default is
zero), and derives the BAF as the ratio of the substance concentration in an upper
trophic level organism and the total substance concentration in unfiltered water (it also
estimates an overallbiomagnification factor forthe food w eb). It accounts for the rates

of substance uptake and elimination (a number of simple relationships have been

developed to estimate the rate constants for organic substances in fish from Gobas,
1993), and specifically includes bioavailability consideratio ns.

The main discrepancies between model predictionsand measured BAF values are often

due to biotransformation of a substance by the organism and to an overestimation of
bioavailable concentrations inthe water column and sediment. Other important sources

of discrepancies relate to differences in site -specific food chain parameters versus
generic assumptions (e.g.growthrates, lipid contents, food chain structure, spatial and

temporal variation in exposure concentrations, sediment -water disequilibrium, et  c.).

Read -across and categories

See also Section s R.6.1 and R.6.2 in Chapter R.6 of the = Guidance on IR&CSA

If a substance belongs to a class of chemicals that are known to accumulate in living
organisms, it may have a potential to bioaccumulate. If a valid BCF for a structurally

closely related substanceis available, read -across can be applied. When applying read -
acrosstwo generally importantaspects haveto be considered in addition to  the normal
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criteria of read -across: hydrophobicity and the likelihood for metabolisation of both
substances (see Section R.7.10.4.2 ).

R.7.10.3.3 Field data on aquatic bioaccumulation

Studies on bioaccumulation generally fallinto one of the following categories: ecosystem

monitoring using various biota species (hereafter
laboratory tests under controlled conditions, mass ba lance modelling, and  invivo and in

vitro ADME studies (Mackay etal. ,2018) . Although interpretation is often difficult, the

results of field measurements from wildlife can be used to support the bioaccumulation

assessmentwithin a  Weight - of-Evidence approachand the assessment of risks due to
secondarypoisoning  (Ma, 1994). The following study types can provide information on the

potential of a substance to bioaccumulate in wildlife based on bioconcentration and
biomagnification  processes :

Types of field studies

1 Monitoring  orfield data : Detection of a substance in the tissue of an
organism provides a clear indication that it has been taken up by that
organism, but does not by itself indicate that significant bioconcentration or
bioaccumulation has occurred. For that, the sources and con temporary
exposurelevels (forexamplethrough wateras wellas food) should be known
or reasonably estimated.

9 Field measurements of specific food chains/webs . Measurement of
concentrations in organisms at various trophic levels in defined food chains or
f ood webs can be used to evaluate biomagnification. However, as dietary and
trophic biomagnification represent different processesthan bioconcentration in
aquatic organisms, BMF and/or TMF values <1 cannot be directly used to
disregard valid BCF data > 200 0 or BCF > 5000, but these data are separate
lines of evidence and need to be considered together with other relevant
available dataina  weight -of-evidence approach for deriving conclusions.

1 Outdoor mesocosms : Outdoor meso - or microcosm studies can be
per formed with artificial tanks or ponds or by enclosing parts of existing
ecosystems (guidanceis provided in OECD, 2006). Although the focus of such
studies is usually on environmental effects, they can provide information on
bioaccumulation in the system p rovided that adequate measurements of
concentration are made.

1 Insitu bioaccumulation tests using caged organisms . Sibley etal.
(1999) constructed a simple, inexpensive bioassay chamber for testing
sediment toxicity and bioaccumulation under field conditi ons using the midge

Chironomus tentans  and the oligochaete  Lumbriculus variegatus . They
concluded that the  in situ bioassay could be successfully used to assess
bioaccumulation in contaminated sediments. These studies can bypass

problems caused by sediment manipulation during collection for laboratory
tests (disruption of the physical integrity of a sediment can change the
bioavailability of contaminants). Organisms in in situ tests are exposed to
contaminants via water and/or food. The tests cannot make a distinction
betweenthese routes. Also, environmental factors potentially modifying the
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bioaccumulation processare not controlled. Thesefactorsinclude (butare not
limited to) lack of knowledge or control of exposure concentrations and
bioavailabilitya spects. Temperature or water oxygen contentmay also impact
the physiological status of the organism, and consequently influence the
uptake rate. However, such studies are rarely conducted.

Field studies can be used to derive several bioaccumulation metric s. The
bioaccumulation factor ( field BAF) representsenvironmentalexposure in the field to

an aquatic organism fromallroutes andis referenced to the substance concentration in
water (Arnot and Gobas, 2004; Burkhard etal. , 2012b) . Field measured biota -
sediment accumulation factors (BSAF) are derived by the concentration of a
substance inbiota divided by the concentrationinthe sediment (Burkhard etal. , 2010) .
Relationships between dietary exposuresand bioaccumulation can be quantified by field
BMFs (Burkhard etal. ,2012a), and trophic magnification factors (Borga etal. , 2012).
Laboratorybiomagnificati  onfactors (laboratory BMFs; OECD, 2012) also derive a BMF. It

hasto be noted that a direct comparison of the different metrics is difficult. One of the
currentdifficultiesin comparing BCF and BAF data to other bioaccumulation metrics is

the difference  innumerical scale and reference media to which substance concentrations

in organismsare compared (Burkhard et al. , 2012a) . BCFs and BAFs express ratios of
chemicalconcentrationsi  nbiota to water, while BMFs and TMFs reflect ratios of chemical
concentrationsinpredator T preyrelationships  (Burkhard etal. , 2012a) . Field measured
BAFs, BMFs and TMF values canprovide supplementary information indicating that the
substance does or does not have bioaccumulation potential.

If field data indicate that a substance is effectively transferred inthe food chain or leads
to increased concentration in the predators ,thisis a strong indication that it is taken up

from food in an efficient way and that the substance is not easily eliminated (e.g.

excreted and/or metaboli  sed) by the organism (this principle is also used in the fish

feeding testfor bioaccumulation) which will lead to biomagnification from predator to

prey and trophic magnification.

Concerning field dataas anindicator of bioaccumulation, generally, a high fr equency of
occurrence (measured concentrations) of chemicals in wildlife with increasing trends in
monitoring studies, particularly in apex species over time can indicate an increased

potential for bioaccumulation. To this end, top predators, like birds of prey, marine and
terrestrial mammals, are valuable indicator species to monitor persistent

bioaccumulative contaminants because (i) they integrate chemical signatures across

space and time, including entire biological communities, (ii) have relatively hig h and
easily measured contaminant concentrations and (iii) are consumed by humans or
representlevelsin human consumers of wild foods (Burger and Gochfeld, 2004; Elliott

and Elliott, 2013)

If field BAF values (basedon reliable information ) are above the crite riaforB or vB it
should be considered  whether this information is sufficient to conclude that the
substance meets the B or vB criteria as part of the Weight -of -Evidence approach. For
comparison of a fish field BAF with the Annex Xl criteria, BAF values should be on wet
weight basis and for whole body and also lipid normalised to 5% . Care should be taken
that the exposuresfromallrelevant routes and compartments are consideredwhen field
BAF values are evaluated. = Furthermore , a reliable field BMF or TM F value significantly
higher than 1 (seealsoSectionR. 11.4.1.2.6 field data and biomagnification in Chapter
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R.11 of the Guidance on IR&CSA ) can be considered an indication of very high
bioaccumulation. Foraqu  atic organisms, this value indicates an enhanced accumulation

due to additional uptake of a substance from food along with  direct accumulation from
water. However, as dietary and trophic biomagnification represent different processes

than bioconcentration  inaquatic organisms, field BMF and/or TMF values <1 cannot be
directly used to disregard a valid assessment based on reliable BCF data fulfilling the
numerical B/vB criteria in Annex XlII to the REACH Regulation.

To be able to comparefield BMF valuesina directand objective manner, they should, as

far as possible, be lipid normali sedforthe assessment of substances that partition into

lipids in order to accountfordifferences in lipid content between prey and predator. It

should howeverben otedthatnon -lipophilic substancesas e.g. PFAS maybioaccumulate

by other mechanismsthan partitioning/binding to lipids such as protein binding . In such
a case, another reference parameter than lipid content may be considered for

normalisation, e.g.pro  teincontent. In principle, field BMF values are not directly related

to the lab BCF or BAF values, and in fact field BMFs and lab BCFs represent

complementary bioaccumulation pathways.

It should also be noted that substantial variation can be found both within and between
studies reporting field -derived BAFs for zooplankton (Borga et al. , 2005), and this
variability should not be overlooked whenrelating field BAFstoK ow Or other descriptors.

The authors attribute the variability to difficulties with measurements of the substancein

the water phase, additional dietary uptake and the possibility that substances partition

into other organic phases than lipids. Field studies can be also used to derive biota i
sediment accumulation factors (BSAFS) . Both, BAFs and BSAFs, are simple ratios -
neither definition includes any statement about ecosystem conditions, intake routes and
relationships between the concentrations of substanc es in the organism and exposure
media (see Ankley etal. , 1992; Thomann etal. , 1992). Bothfield derived endpoints are
affected by ecosystem variables like the natural temporal and spatial variability in

exposure, sediment -water column chemical relationsh ips, changing temperatures,
simultaneous exposureto mixtures of substances and nutrients, and variable exposures

due to past and current loadings. In general, data obtained under steady -state like
conditions are strongly preferred.

The quantity and qualit y of field data may be limited and their interpretation difficult

This is especially truefor ~ TMFs, which describe the accumulation throughout the whole
foodchain. The validity of a TMF value is strongly dependent on the spatial and time
scalesoverwhi chthe relatedfield samples were retrieved. See also publications from
Borga etal. (2012), Kidd etal. (2019), Kosfeld etal. (2021), Ridel etal. (2020) , and
ECETOC (2014) for discussion on uncertainties. The uncertainty of using biota monitoring
datain supportof bioaccumulation assessmentis discussed furtherin SectionR.11.4.1.2

in Chapter R.11 of the Guidance on IR&CSA . Respective guidance documents and
recommendationsforassessing the quality of biomonitoring data, i.e. sampling, storage,
chemicalanalysis and interpretation of wildlife biomonitori ng ha ve been elaborated by

the EU LIFE APEX projectand  are available online

5
https://www.norman -network.com/apex/ ___; last accessed: October 2022
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R.7.10.3.4  Other indications of bioaccumulation potential

The following factors will be relevant for many substances as part of a Weight -of -
Evidence approach, especially in the absence o f a fully valid fish BCF test resullt.

n - Octanol/water partition coefficient

As a screening approach, the potential for bioaccumulation can be estimated from the

value of then -octanol/water partition coefficient (K ow) (seeSectionR.7.1  inChapter R.7a
of the Guidance onIR&CSA ). ltis acceptedthatlogK ow Values greaterthanor equalto 3
indicate that the substance may bioaccumulate to a significant degree. For certain types

of substances (e.g.surface -activeagents and those which ionise in water), the log K ow
might not be suitable for calculation of a BCF value (see Appendix R.7.10 -3). There are,
however, a number of factors that are not taken into consideration when the BCF is
estimated only on the basis of log K ow, Namely:

active transport phenomena;
metabolism in organisms and the accumulation potential of any metabolites;

affinity due to specific interactions with tissue components;

= = =4 =1

special structural properties (e.g. amphiphilic substances or dissociating
substances that may lead to multiple equilibrium processes); and

1 uptake and depuration kinetics (leading for instance to a remaining
concentration plateau in the organism after depur ation).

In addition, n  -octanolonly simulates the lipid fraction and therefore does not simulate
other storage sites (e.g. protein).

It should be noted that although log K ow Values above about eight can be calculated,
they can not usually be measured relia bly (see Section R.7.1  in Chapter R.7a of the
Guidance onIR&CSA ). Suchvaluesshouldtherefore b e considered in qualitative terms
only. It has also been assessed whether an upper log K ow limit value should be
introduced based onthe lack of experimentallog K ow and BCF values above such avalue.
Based on currentknowledge, for PBT assessments, a calculated log K ow Of 100r above is
taken as an indicator of reduced bioconcentration. The use of this and other such

indicators (such as large molecular size) is discu ssed further in  Chapter R.11 of the
Guidance on IR&CSA

Adsorption

Adsorption onto biological sur faces, such as gills or skin, may also lead to
bioaccumulation and an uptake via the food chain. Hence, high adsorptive properties

may indicate a potential for both bioaccumulation and biomagnification. For certain
substances , for which the octanol/water p artition coefficient cannot be measured
properly, ahigh adsorptive capacity (of which log K p >3 may be an indication) can be
additional evidence of bioaccumulation potential.
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Hydrolysis  and other abiotic degradation/transformation phenomena
taking place in the exposure medium

The effect of hydrolysis may be a significantfactorfor substances discharged mainly to

the aquatic environment: if the substanceis sufficiently hydrophil ic, its concentration in
water may be reduced by hydrolysis so the extent of bioconcentration in aquatic

organisms would also be reduced. However, for substances which are highly adsorptive

to organic matter  and/or lipids, the adsorptionrateis , in most cases , faster than the
hydrolysis rate.  Therefore, hydrolysis rate should normally not intervene with
assessmentof bioaccumulation potential. Incase asubstancehas  a fasthydrolysis rate,
the degradation potential of the substance in sediment and/or soil needs to be

evaluated/tested first andif the substance is stable enoughin sediment and/orsoil from
the perspective of quantitative risk assessment and/or PBT/vPvB assessment, the
bioaccumulation potential of the substance itself needs to be evaluated/tested in
conditions ensuring a stable exposure concentration despite fast hydrolysis. Where the
hydrolysis half -life, atenvironmentally relevant pHvalues (4 -9)and temperature, is less
than 12 hours , and in ca seswherethe above -described scenario does not apply, it may
be appropriate to perform an exposure assessment , a hazard assessment and, if
necessary, a bioaccumulationtest onthe relevant hydrolysis products instead of the
parentsubstance. Itshouldbe notedthat,in many cases, hydrolysis products are more

hydrophilic and as a consequence will have a lower potential for bioaccumulation than
the (registered) substance itself . This also applies by analogy to other abiotic
degradation and transformation ro utes, such as complex dissolution/transformation
processes.

Biod egradation

Biod egradation mayleadtorelatively low concentrations of a substance in the aquatic
environment and thus to low concentrations in aquatic organisms. In addition, readily
biodegra dable substances are likely to be rapidly metabolised in organisms. However,
the uptake rate may stillbe greater than the rate of the degradation processes, leading

to high BCF values even for readily biodegradable substances. Therefore ready
biodegradabi lity does not preclude a bioaccumulation potential. The ultimate
concentration in biota (and hence bioaccumulation factors) will also depend on
environmental releases and dissipation, and also on the uptake and metabolism and
depuration rate of the organis m. Readily biodegradable  substances will generally have a
higher probability of being metabolised in exposed organismsto a significant extent than

less biodegradable substances . Thus in general terms (depending on exposure and
uptake), concentrations of m ostreadily biodegradable substances will be low in aquatic

organisms and evidence of ready biodegradability may provide useful information in a
Weight -of-Evidence approach for bioaccumulation assessment . Information on
degradation kinetics will usually be missing for most substances.

If persistent metabolites are formed in substantial amounts the bioaccumulation
potential of these substances should also be assessed. However, for most substances

information willbe scarce (see SectionR .7.9 inCh apter R.7b of the of the Guidance on
IR&CSA). Information on possible formation of degradation pro ducts may also be
obtained by use of expert systems such as METABOL and CATALOGIC, which is the

successorof CATABOLwhich can predict biodegradation pathways and metabolites (see
SectionR. 7.9 in Chapter R.7b of the of the Guidance on IR&CSA ). Information on the
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formation of metabolites may be obtained from experiments with mammals, although

extrapol ation of results should be treated with care, because the correlation between
mammalian metabolismand environmental transformation is not straightforward (see

below). Predictions of possible metabolites in mammalian species (primarily rodents)

may be obta inedby use of expertsystems such as Multicase and DEREK (see Sections
R.7.9.6 inChapterR.7b andR.6.1 in ChapterR.60fthe  Guida nce on IR&CSA ), offering
predictions of metabolic pathwaysand metabolites as well as their biological significance.

Interpretation of expert systems predicting formation of possible degradation products or
metabolites | ike those referred to above require expert judgement. This applies for
example inrelationto identification of the likelihood and possible biological significance

of the predicted transformation/degradation products , eventhough some of the systems
do off er some information or guidance in this regard.

Molecular size

Information on molecular size can be an indicator to strengthen the evidence for a
limited bioaccumulation potential of a substance. See Chapter R.11 of the Guidance on
IR&CSA for further discussion.

Additional considerations

For air -breathingorganisms, r  espiratory elimination occurs via lipid -air exchange, and
such exchange declines as the octanol -air partition coefficient (K oa) increases, with
biomagnification predicted to occur inmany mammals atalog K oa above 5 (Kelly etal. ,
2004). Such biomagnifica  tion does not occur if the substance and its metabolites are

rapidly eliminated in urine (i.e. have a log K ow Of around 2 or less). Thus the
bioaccumulation potential in air - breathing organisms is a function of bothlog K ow and log
Koa. In contrast, respir  atory eliminationinnon  -mammalian aquatic organisms occurs via

gill ventilation to water, and this process is knownto be inversely related to the log K ow
(hence anincreaseinlog K o resultsin a decrease in the rate of elimination and hence
increase in the accumulation potential) (Gobas etal. (2003)).

Based onthese findings, Kelly etal. (2004) proposedthat  substances couldbe classified
into four groups based on their potential to bioaccumulate in air - breathing organisms.
These groups are summarised below.

1 Polar volatiles (low log K ow and low log K oa). These substances have low
potential for bioaccumulation in air - breathing organismsor aquatic organisms.

1 Non-polar volatiles (high log K ow and low log K .a). These substances are
predicted to have a hig h accumulation potential in aquatic organisms but a
low accumulation potential in air -breathing mammals.

1 Non-polar non -volatiles (high log K ow and high log K .a). These substances
have a high bioaccumulation potential in both air - breathing organisms and
aqu atic organisms.

1 Polar non -volatiles (low log K ow and high log K ). This group of substances
has a low bioaccumulation potential in aquatic organisms but a high
bioaccumulation potentialin air - breathing organisms (unless they are rapidly
metabolised).
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The se findings may be a relevant consideration for accumulation in top predators for
some substances whose bioaccumulation potential in aquatic systems appears to be
limited.

R.7.10.4 Evaluation of available information on aquatic
bioaccumulation

R.7.10.4.1  Laboratory data on a quatic bioaccumulation
Invivo data on aquatic bioaccumulation

Fish bioconcentration test

In principle, studies thathave been performed using standard test guidelines , such as
OECD TG 305, should provide fully valid data . Forthis , certain aspects must be fulfilled

9 the testsubstance properties lie within the recommendedrange stipulated by
the test guideline,

9 concentrations are quantified with an appropriate analytical technique, and

1 the dataare reported in sufficient detailto verify that the validity criteria are
fulfilled.

The results should be presented in unambiguously specified units as well as tissue type

(e.g.whole body, muscle,fillet, liver, fat). Whole body measurements  arepreferred and
the normalisation for lipid content and growth dilution is recommended (see section
below on correction factors).

Detailed guidance on interpretation of OECD TG 305 fish bioaccumulation test data is
providedin therelated OECD Guidance Document (2017). However, the rules principly
apply also to other aquatic bioaccumulation tests.

Test substance _information

I Theidentity of the test substance must be specified, including the chemical
name, CAS /EC numberand purity (the latter particularly f or radiolabelled test
substances).

1 Key physico -chemical properties (e.g. water solubility and K ow) heed to be
considered in assessing data quality. The water solubility can be used to
evaluate whether the dissolved substance concentration available to the
organism may havebeen overestimated, leading to an underestimate of the
BCF. The K ow value canprovide an indication of whether sufficient exposure
time has been provided forachieving steady -state conditions (in smallfish for
non -polar organic substances assuming worst case conditions, i.e. no
metabolism) (see OECD TG 305 for further details).

Test species information

1 Thetest species mustbe identified, and ideally, test organismsshould be of a
specified gender, life stage and age/size ( since these may account for
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Analytical

differences in metabolic transformation potential or growth). A steady - state
condition is reached faster in smaller organisms than in larger ones due to

their higher respiratory surface -to -weight ratio. Fish size is therefore an

impor tant consideration for assessing whether the exposure duration is

sufficient.

Whole body lipid content is also a key organism parameter (although this is
sometimes not reported), since this variable controls the degree of
partitioning between the water and the organism for many organic
substances .

measurements

1

Studies that involve only nominal exposure concentrations are unreliable
unless adequate evidence is available from other studies to suggest that
concentrations would have been well maintai ned.

A reliable study should use a parent substance -specific analytical method in
both exposure medium and fish tissue. Studies that describe the use of

accepted and sensitive substance -specific methods but fail to document (or

give further reference to) a nalytical method validation (e.g. linearity,

precision, accuracy, recoveriesand blanks) should be assessedon a case -by -
case 1 they mightbestbe designated as reliablewithrestrictions . Studies that
do not describe the analytical methods should be desig nated as not
assignable, even if they are claimed to provide substance -specific
measurements.

Radiolabelled testsubstance canbe usefulto detectorgan specific enrichment

orin cases wherethere are analytical difficulties. However, total radioactivity
m easurementsalone canlead to an overestimation of the parent substance
concentration due to:

small amounts of radiolabelled impurities that may be present in the test
substance, and/or

biodegradation and biotransformation processes in the exposure medium and
fish tissue (i.e. the measurements may relate to parent substance plus

metabolites (if the radiolabel is placed in a stable part of the molecule) and
even carbonthathas beenincorporated in the fish tissue ).

A parentcompound -specific chemicalanaly tical technique or selective clean -
up procedure should therefore preferably be used atthe end of the exposure

period. If the parent substance is stable in water and an enrichment of

impurities is not likely fromthe preparation of the test solution, the B CF based
on total radioactivity alone can generally be considereda conservative value.

It is also important to evaluate the feeding regime as well, since high

concentrations of (usually more polar) metabolites may build up in the gall

bladderif thefish  are not fed, which may lead to an overestimate of whole

body levels (OECD, 2001). For example, Jimenez etal. (1987) measured a
BCF of 608forbenzo[ a]pyrene (based on total radioactivity) when fish were

fed during the experiment, buta BCF of 3,208 whent hey were not. Decreased
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respiration and metabolismas wellas a decreased release of bile fromthe gall
bladder in the intestinal tract are mentioned as possible explanations.

Exposure _conditions

1 Exposure concentrationsshould notexceedthe agueous solubi lity of the test
substance. In cases where test exposures significantly exceed aqueous
solubility (e.g. due to the use of dispersants), and the analyticalmethod does
not distinguish between dissolved and non -dissolved substance, the study
data should gene rally be considered unreliable. Anindication of the BCF might
be given by assuming thatthe organisms were exposed at the water solubility
limit.

1 Agueous exposure concentrations must be below concentrations that pose a
toxicity concern.  Generally, as expl ained in OECD TG 305,t he
concentration(s) of the test substance should be selected to be below its
chronic effect level or 1% of its acute asymptotic LC50. The highest
permissible testconcentration can also be determined by dividing the acute
96 h LC50 b yan appropriateacute/ chronic ratio (e.g. appropriate ratios for
some chemicals are about three, but a few are above 100).

9 Aqgueous exposure concentrations should be kept relatively constant during
the uptake phase. Inthe case of the OECD test guideline, the concentration of
test substance inthe exposure chambers must be maintained within £20% of
the mean measured value. In the case of the ASTM guideline, the highest
measured concentration should be no greater than a factor of two from the
lowest measure d concentration in the exposure chamber.

Other test conditions

1 While criteria vary, fish mortality less than 10 -20% in treated and control
groups is generally acceptable (e.g. according to OECD TG 305 m ortality or
otheradverse effects/disease in both control and test group fish should be
010% at t he e nd.InoaseswHer>30% ottty is reported,the
study should be considered not reliable. If no mortality information is
provided, one optionis to designate the stud y as Oreliable with res
the exposure concentration used is at least a factor of 10 below the known or
predicted fish LC so.

i Standard guidelines require >60% oxygen saturation to be maintained in test
chambersthroughoutthe study. Itis suggest edthat as long as unacceptable
mortality does notoccur, studies that deviate in this requirement could also
be considered reliable with restrictions

9 Total organic carbon (TOC) indilution water is also an important water quality
parameter for some subst  ances (especially for highly hydrophobic
substances), since excessorganic colloids can complexthe test substance and

reduce the bioavailability of aqueous exposure concentrations (e.g. Muir etal. ,
1994 ). OECD and ASTM guidelines indicate that TOC should be below 2 and 5
mg/l, respectively . Itis, therefore, suggested that studies with such

substances thatreport TOC above 5 mg/lIbe considerednotreliable (since this
canresultin an underestimation of the BCF). If noinformation is available on



Chapter R.7c: Endpoint specific guidance
39 Version 4.0 T December 20 23

TOC, a study may be considered reliable with restriction provided that it was
conducted under flow -through conditions and that analysis of the substance

was for the dissolved concentration. Further support for reliability may be
provided whereinformation on TOC canbe derived from other sources (e.qg.

where the testwater is froma natural source thatis characterisedelsewhere).

1 The test endpoint should reflect steady -state conditions. When three
successive analyses of con centration in fish made on samples taken at
intervals of atleasttwo days are within + 20% of each other, and there is no
significantincrease of concentrationinfishin time between the first and last
successive analysis , the steady -state BCF can be cal culated (see OECD,
2012a ;). Alternatively,the BCF is derived using kinetic models. If neither of
these approaches is used, the study should be considered unreliable (or at
bestreliable with restrictions) unless a case can be made that the exposure
durati onwas sufficiently long to provide or allow correctionto reflect steady -
state conditions.

Steady -state vs kinetic BCF

The kinetic BCF ( BCF«)is preferred for regulatory purposes since for bioaccumulative
substances areal steady state is often not attain ed during the uptake phase, and the
conclusion of steady -state from the concentrations in fish at three consecutive time
points could be erroneous.

This approach is especially useful in those cases in which steady - state is not reached
during the uptake ph  ase, as BCF« in these cases will generally provide a statistically

more robustvalue. If uptakefollows firstorder kinetics and the BCF ss was really based
on steady state data, both methods should in principle lead to the same resullt. If the
BCF« is significantly differentfromthe BCF ss, this is a clear indication that steady -state
has not been attained in the uptake phase. Besides that, the BCF ss cannot be corrected
for the growth of fish as no agreed methodis available to correct BCF ss for gro wth. The
increase in fish mass during the test result s in a decrease of the test substance
concentration in growing fish (= growth dilution) and thus the BCF may be

underestimated if no correctionis made. Growth dilution may affect both BCF ss and BCF «
and thereforethe BCF « should be calculated and corrected for growth dilution, BCF kg, If
growth of fishis significant during the test (this is especially important for fast growing

juvenile fish, such as juvenile rainbow trout). In case the uptake and/or eli mination
phasesappearasnon -firstorder/biphasic, specific attention should be paid to whether
the results can be considered as reliable and/or whether , 0N a case -by-case basis, any
part (s) of thetestresultscan  still be usedforchemicalsafetyassess  ment or whether a
new test should be carried out

Correction factors

The accumulation of hydrophobic substances is often strongly influenced by the lipid
content of the organism. Fish lipid contentvaries according to species, season, location

and age, and it can range from around 0.5 to 20% w/w or more in the wild ( e.g.
Hendriks and Pieters, 1993 ). Normalisation to lipid content is therefore one way to
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reduce variability ® whencomparing measured BCFsfor different species, or converting
BCF values for specific organs to whole body BCFs , or for higher tier modelling.

The first stepisto  calculate the BCF on a per cent lipid basis using the relative lipid
contentin the fish, and thento calculate the whole body BCF for afishassuming a fixed

whole body lipid content. However, if the lipid content of individual fish are reported or

lipid contents are reported for several phases of the study, it is more appropriate to

perform the lipid normali  sation to the default lipid content before a BCF is calculated

(e.g. the steady state or kinetic parametersare determined from the normali sed data).

A default value of 5% is most commonly used as this represents the average lipid
contentof the smallfishusedin OECD TG 305 (Pedersen etal. ,1995; Tolls etal. ,2000 ).

Generally, the highest valid wet weight BCF value expressed on this default lipid basis is
usedforthe hazardandrisk assessment. In cases where BCFs are specified on tissue
types other than whole body (e.g. liver), the results cannot be used unless t issue -

specific BCF values can be normalised to lipid content and converted to a whole body
BCF based on pharmacokinetic considerations.

Lipid normalisation should be done where data are available, exceptforcases where lipid

is not the main compartment of accumulation (e.g. inorganic substances, certain

perfluor inated compounds , etc.). Both OECD TG 305 and ASTM E1022 -94 require
determination of the lipid contentin the testfish used. If fish lipid content data are not
provided in the test report, relevant information may be available separately (e.g. in the
test guideline or other literature although this bears considerable uncertainty with it,
because lipid contents canvary for the selected speciesandevenbetween individuals of

the same species fromthe samelaboratory ). If noinformationis available aboutthe fish

lipid content, the BCF  has to be used directly based on available wet weight data,
recognising the large uncertainty this implies.

It should be noted that QSARs generally predict BCFs on a wet weight basis only. An
exception to this is the Arnot - Gobas method included in BCFBAF of EPIWIN, which
specifically calculates BAFs  for different trophic levels and BCFs, where relevant (lipid
content 10.7%, 6.85% and 5.98% for the upper, middle and lower trophic level,

respectively). When using results from this model, there is a need to n ormalise the
results to the standard 5% lipid content. Further work would be needed to determine
whether any lipid correction is necessary for predicted values with other QSARs

Growthdilution refers to the decline in internal test substance concentration that can
occur due to the growth of an organism (which may lead to an underestimation of the

BCF that would resultfroma situation in whichthe fish are not growing ; OECD (2017) ).
It is especially importantforsmall (juvenile) fish (e.g.rainbow trout , bluegillsunfish and
carp) thathave the capacity for growth during the duration of a test with substances

thathavea slow elimination kinetics (e.g.Hendriks etal. ,2001). Growth dilution can be
taken into account by measuring growth rate during the elimination phase (e.g. by

6 Some residual  variation will remain due to the way the lipid is extracted (e.g. extraction using chloroform
gives different amounts for aliquots from the same sample than if hexane were used as the solvent) and
measured (e.g. colometric versus gravimetric procedures). A Iso, it makes a difference whether lipids are
determined on asub -sample of the test population, or for an aliquot from each fish. Hence, it can be important
to know which lipid determination method was used.
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monitoring the weight of the test organisms over time). An exponential growth rate
constant(k ¢) canusually be derived from a plot of natural log(weight) against time. A
growth -corrected elimination rate constant can then be cal culated by subtracting the
growth rate constant from the overall elimination rate constant (k 2). Hence:

growth -corrected BCF =k 1/(k 2 - k)

where K1 is the uptake clearance [rate constant] from water (L/kg/day)

k. is the elimination rate constant (day )
kg is the growth rate constant (day 1)
Clearly, the influence of growth correction will be significant if k g is a similar order of

magnitude to k ».

For older fish bioaccumulation studies, information on growth may not be available. In
this case, an asses sment of the likely significance of growth on the results should be

made to determine what weight should be givento the study in the Weight - of - Evidence
assessment. As noted in the OECD 305 TG (paragraph 32) juvenile fish may be fast

growing atthe life  -stage (andsize) they are tested in the OECD TG 305. Small rainbow
trout( Oncorhyn chus mykiss )are anexample of this. In contr ast, fish such as  zebra fish

(Daniorerio )are usually adults and therefore significantly slower growing (for example

see an analysi s in Brooke and Crookes, 2012). In the absence of growth data, the
uncertainty ina BCF value derived froma fast -growing fishwillbe greaterthan thatfor a
slow growing fish, which is important for results near a regulatory threshold. Overall,

any approach to using fish bioaccumulation data where growth data are not available

needs to be considered on a case -by - case basis with justification for the conclusion

drawn. Itshould be noted that apart from growth dilution, several other factors have

been suggestedto potentially influence test results, for example water -to -fish - ratios,
temperature, sex differences, feeding procedure and slight variancesin water chemistry

and dissolved oxygenconcentrations (Wassenaar etal. ,2019). Mostof these, and othe r
variables can influence the metabolic capacity of the test animals and/or are directly

related to changes in activity or oxygen consumption. For relevance and scientific
justification of correction for growth dilution when deriving BCF see R.11, Appendix R.11-
6 of the Guidance on IR&CSA

Fish dietary studies

Dietary studies (OECD TG 305 -1ll) require careful evaluation and in particular the
following points should be considered in assessing the data from such a study:

I Was a positive control used and were the data acceptable?

1 Werethe guts of the fish excised be fore analysis? The guts can sometimes
contain undigested food and thus also test substance , which, for poorly
assimilated or highly metabolised substances , lead s to the generation of

erroneous (though precautionary) values.

9 Is there any evidence to suggest the food was not palatable due to use of
extremely high substance concentrations in the food? This may be assessed
by examining the growth of the fish during the course of the study.

1 Was there homogeneity of the test substance in the spiked food? Further
criteria for this are given in paragraph 113 of OECD TG 305.


http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment

Chapter R.7c: Endpoint specific guidance
42 Version 4.0 T December 20 23

The dietary study yields a number of data that allow to assess the  biomagnification
potential of chemicals , includingthe dietary chemical absorption efficiency (U) and the
whole body elimination rate constant (k 2) and half -life for substances for which this is
impossible via the aqueous exposure route.

The dietary bioaccumulation approach results a BMF rather t han a BCF , which is
commonly used for bioaccumulation assessment. However, Annex 8 of the OECD TG 305
summarises approaches currently available to estimate tentative BCFs from data

collected in the dietary exposure study. Further detailed informationis pr ovided in the
OECD guidance document on OECD TG 305 (OECD , 2017).

The calculation forthe uptake rateconstantestimation method (Method1) is based on a
model predicted uptake rate constant (k 1) and the depuration rate constant (k 2)
determinedfromthed ietarybioaccumulation study. Inthis way ,itis possible to  use the
dietary experimental data to estimate BCFs, which allow for a comparison against the
BCF criteria for PBT assessment outlined in Annex XIIl. It should be noted that these
calculated BCFs may be more uncertain than experimental BCFs due to the uncertainty

in the k1 prediction. In particular, k1is a function of chemical properties relating to the

chemical transfer efficiency from water (e.g., mem brane permeation or absorption
efficiency), the physiology of the fish (body size, respiration rate) , the experimental
conditions (e.g., dissolved oxygen concentrations, water temperature, gill water pH for

ionic substances ) and the interdependence of thes e parameters . Several models are
available to estimate a k1 value needed to calculate an aqueous BCF from a dietary
bioaccumulationstudy  (OECD, 2017) . Results fork 1 mustbe used with reference to the
mo d e lassdmed applicability domains (e.g. mostly res tricted to neutral organic
substances withlog Kow above 3.5 but including some weakly acidic or basic substances
aswell). Uptake and elimination processes are different for ions compared to neutral
chemicals (e.g. Rendal etal. , 2011) and ionic substance s thus need to be discussed
separately. For poorly soluble non -polar organic substances, first order uptake and
depuration kinetics is assumed. More complex kinetic models should be used for

substances thatdo notfollow first order kinetics. Generally, e stimates of k 1 should be
derived according to all the models available to give a range of BCFs. These results
should beusedina Weight -of-Evidence approach forthe assessmentof bioaccumulation,
possibly together with other information on bioaccumulation. The estimation of k 1 may
be lessreliable for large or bulky molecules, log Kow above ca 9 and/or low assimilation

efficiency (see paragraph 253 of OECD, 2017) . Taking the uncertainties into account,
and assumingthatk : is accurately and appropriately predicted for the substance, the
estimated BCF values derived from a dietary test can be directly compared to the B/vB

criteria. For very hydrophobic substances, k1 estimates may become increasingly

uncertain.

AfieldBMF > 1 indicates that biomagnification of a substance occurs. The dietary BMF
howeverdiffer sfromthe field BMF, becauseexposureisthroughacombination of water

and food inthe field situation, while in the dietary exposure study, the exposure through

the water phase is excluded under strictly controlled conditions. This lead s to dietary
BMF values that are  generally lower than field BMF values. For very bioaccumulative
substances such as the often used reference compound hexachlorobenzene, the BMF

values s ometimes have beenevenbelow one (e.g. Hashizume etal 2018). In a study by

Inoue etal. (2012) with carp, only two o f the five substances that had a BCF value
higher than 5000 L/kg, had a BMF value in excess of 1. Ina study by Martin  etal. (2003
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a,b)w ith perfluorinated compounds, one of the three substances witha BCF > 2000 had

a BMF of 1.0, while the two others had substantially lower BMF values . Therefore, a
dietary BMF below1 cannotbe used to conclude on no B concern and it should be first
assess ed if the bioaccumulation potential can be concluded based onthe estimated BCF,

which can be directly compared to the criteria

The dietary BMF derived from the  OECD TG 30 5-1ll test can be compared with BMF
values for substances with known bioaccumulation potentialina benchmarking exercise

(see also Method 3 in OECD, 2017) . Forexample,suchanapproachhas been described

for dietary bioaccumulation studies with carp (Inoue etal. 2012).Basedon a regression
between BCF and BMF 4. for ni ne compoundstested in this set -up, it was shown that a
BCF. value of 5000 L/kg, normali sed to a lipid content of 5%, corresponds to a lipid
corrected BMFg fromthe dietary testof 0.31kgfood lipids /kgfish lipids , and a BCF . of
2000 L/kg correspondst 0 a BMF . of 0.10 kg food lipids /kg fish lipids . A different
benchmarking could be obtained fromaqueousand dietary bioaccumulation studies for
perfluorinated compounds with rainbow trout (Martin etal. , 2003a, b). These studies
emphasise thefactthate  venif aBMF froman OECD 305 dietary bioaccumulation test is

found to be <1, it cannot be considered as a good discriminator for concluding

substances notto be (very) bioaccumulative according to the BCF criteria of Annex XIIl.

If benchmarking is used fo r comparing dietary BMF values with BMF values for

substances with a known bioaccumulation potential, it must be ensured that these BMF

values were obtained under (ornormalised to ) similar conditions  (i.e. fish species, fish
weight/size, diet lipid conten t and feeding rate)

Another endpointfromthe dietary OECD 305 test is the elimination rate constant. The

elimination rate constant has been proposed as endpoint for the bioaccumulation
assessment(e.g. Brooke and Crookes, 201 2; Goss etal. 2013, Goss et al. 2018 ). For
example, Brookes and Crooke (2012) presented lipid normalised depuration rate

constants of 0.181 and 0.085 d -1 as critical values for lipid normalised BCF values of

2000 and 5000 (see also Section R.11.4.1.2. 3 of Chapter 11 of the of the Guidance on
IR&CSA). Relating depurationrate constant directly to BCF is described as Method 2 in
Guida nce document on aspects of OECD TG 305 (OECD, 2017). The depuration rate
constantis a useful metric forassessing bioaccumulation. However, it should be noted

that the kinetics of uptake and depuration are still dependent on other fac tors, for
example thesizeofthefish (e.g.Barber 2008; Brooke and Crookes, 2012) . Thus, one
criterionfor allsize of fishseemsnot justified. Indeed, from the analysis from Brooke

and Crookes(2012) there is considerable scatteraround the regression line between log
BCFLand log k: (lipid normalised) ,whichmay be causedby the variability in fish weight

used in the underlying studies , at least partly

In conclusion , the preferred endpoint from the OECD TG 305 lli: Dietary Exposure

BioaccumulationFis hTest isthe BCF value estimated from the experimentally derived
elimination rate constant  , which canbe directly compared to the criteria, unlessit can be
demonstrated that the uptake rate constant cannot be reliably estimated with the

available methods (see paragraphs234 -259 of OECD, 2017 for further information on

the different estimation techniques for k 1 and their limitations) . This would also be
consistent with the data treatment of the OECD 319A/B invitro tests , in which
experimental data are onl  y available for the depuration rate constant. In both cases
(OECD 305 -1l dietary test and OECD TG 319 A/B invitro tests) the estimation of the
BCF from the depuration rate constant follows the same  calculation procedure.
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Additional information on the int erpretation of the results can be foundin an OECD
guidance document that accompan ies the OECD TG 305 fish bioaccumulation test
guideline (OECD, 2017) ,andin sectionR.11.4.1.2.30f Chapter R.11 of the Guidance on
IR&CSA.

Invertebrate tests  : Hyalella azteca bioconcentration test (HYBIT)

For detailed information on the Hyalella azteca bioconcentration test (HYBIT) , see
Section R.11.4.1.2.4 ofthe GuidanceonIR&CSA . The draftOECDTG , which is currently
underrevision , hasbeen developed in such a way that it is as close as possible to the
conceptdescribedinOECD TG 305 -1 (OECDdraft TG under revision ; OECD, 2023 ). The
HYBIT results in a BCF that allow s comparison agai nst the BCF criteria for PBT
assessment outlined in Annex XIII

Smallorganisms, suchas  H.azteca , havea larger surface/volume ratio compared with
larger organisms  such as fish. This can  theoretically lead to higher estimates of
bioconcentration in the small organisms due to adsorption of chemicals to their body
surfaces . However,an apparentdeviation from first orderkinetics as aresultof potential
adsorption processes have not been observed for hydrophobic organi ¢ compounds .
Nevertheless, according to available data, Hyalella BCF correlate well with ~ fish BCF
estimateswhennormali  sedtoacommontissue lipid con tentof 5 % (w/w) , buttend to
be higher . This was explained by the limited biotransformation capacity of the
amphipods (Schlechtriem etal. 2019) .

Annex XIII criteria on B and vB properties refer to bioconcentration factor in aguatic
species , not limiting the species to fish. Normalisationtoa  realistic lipid content for H.
azteca ratherthan normalisation to the standard lipid con tent of fish avoids to be overly
conservative regarding the resulting aquatic BCF (see the discussion in Section
R.11.4.1.2.4 of the Guidance on IR&CSA ).

Thelipid contentof  H. azteca varies depending on the size and age of the amphipods

and should therefore be normalised to an average max imum lipid con tent of 3 %
observedforlab -raisedandfield -caught H.azteca (Schlechtriem etal. 2019; Kosfeld et
al. 2020; Arts etal. 1995; Huff Hartz  etal. 2021).

H.azteca BCF results convertedto 3 % lipid (BCF «, 3%) are preferredfora comparison
againstthe REACH Annex XIIl criteria on B and vB properties, and deviations should be

justified. If a substance has a valid and plausible H. azteca BCF >2000 or >5000
(indicating a significantaccumulation in the test organism), the substance is defined as
6B6 or O6vBO, AH.aztepae BAF (3% aviwy <1200 and <3000 indicates 6 not
and O n ofor the &datic compartment , because even with a lipid normalisation to

5 % (w/w) as applied for fish, the threshold values of 2000 and 5000

Bo

f or

would not be passed, respectively. A 6not B6 and O6not vB6 conclusio

compartment can only be drawn if there is no other relevant and reliable  information
indicating the contrary. For lipid normalised H. azteca BCF values between 1 200 and
2000 and between 3000 and 5000 |, it cannot be excluded that due to the lower lipid

content of the amphipods (3 %, w/w) the bioaccumulation potential of a substance may

be underestimated compared to fish (5 %, w/w) and  further investigations are thus
required to all ow acoaclugoa r Fofif@ther iaf orrdationl v B @leaserefer to
R.11.4.1.2.4 of the Guidance on IR&CSA
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The use of H. azteca to assess bioaccumulation is based on current knowledge and
experience. Registrantsare advised to follow -uprecentand future developments in the
field, e.g. via the ECHA website.

Invertebrate test _s: others

Data obtained using standard methods are preferred. Further standard tests using
invertebrate organisms are available (e.g. OECD TG 315, ASTM E1022 -94, and ASTM
E1688 -00a). They are supplemented by several non -standard tests described in the

lite rature. Generall vy, similar principles apply as for the evaluation of fish bioaccumulation

data (e.g. the test concentration should not cause significant effects; steady - state
conditions should be used, the aqueous concentration inthe exposurevessels shou Id be
maintained, and should be below the water solubility of the substance; if radioanalysis is

used it should be supported by parent compound analysis so that the contribution of

metabolites can be assessed, etc.).

Additional factors to consider include

1 Ingeneral, estimatedendpoints , e.g. BCF,BAFor BSAF , are expressed on a
whole body wetweight basis. A measurement of  tissue lipid contents should
be made to allow lipid normalisation of the derived endpoints

1 For tests with marine species, the solubi ity of the test substance may be
significantly differentin salt water thanin pure water, especially if it is ionised
(for neutralorganic  substances thedifference is only a factor of about 1.3).

1 Bivalves stop feeding in the presence of toxins (e.g. mus sels may remain
closedfor uptothree weeks beforethey resume feeding (Claudi and Mackie,
1993)). Therefore, the acute toxicity of the substance should be known, and
the test report should indicate whether closure has occurred.

1 Since mosttest species tend to feed on particulates (including micro -
organisms)or whole sediment, the assessment of exposure concentrations
may need careful consideration if the test system is not in equilibrium,
especially for hydrophobic substances. Tissue concentrati ons may also be
overestimated if the gut is not allowed to clear.

1 Whole sediment tests with benthic organisms tend to provide a B(S)AF, which
can be a misleading indicator of bioaccumulation potential since it reflects
sorption behaviour as well. A better indicator would be the BCF based on the
freelydissolved (bioavailable) sediment pore water concentration. Ideally, this
should be done using direct analytical measurement (which may involve
sampling devices such as SPMEfibres). If no analytical data are available, the
pore water concentration may be estimated using suitable partition
coefficients, although it should be noted that this might introduce additional
uncertainty to the result.

1 Many studies have shown that black carbon can substantially affect t he
strength of particle sorption and hence the bioavailability of a substance
(Cornelissen etal. ,2005). Observedblack carbon partition coefficients exceed
organic carbon partition coefficients by up to two orders of magnitude. When
interpretingdatawhe  rethe exposuresystem includes natural sediments it is
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therefore important to account for the possible influence of black carbon
partitioning to avoid underestimation of t he
potential from the freely dissolved phase.

1 Asdescrib edabove,d ataonapparentaccumulationin small organisms, such
as unicellular algae, Daphnia and micro -organisms, can be confounded by
adsorption to cell or body surfaces leading to higher estimates of
bioconcentrationthanis in factthe case (e.qg. cati onic substances may adsorb
to negatively charged algal cells). Adsorption may also result in apparent
deviation fromfirstorderkinetics and may be significantfor small organisms
because of their considerably larger surface/volume ratio compared with tha t
for larger organisms.

The validity of bioaccumulation data obtained from sediment organism toxicity tests

mustbe consideredonacase  -by -casebasis, becausethe duration of the test might not

be sufficientto achieve a steady -state(especially forhydro  phobic substances). Also, any
observed toxicity (e.g. mortality) may limit the usefulness of the results.

Invitro data

Informationfrom  invitro studies mightbe consideredina Weight -of-Evidence approach
provided that they fulfil certain data quality as pects and comply with the Annex XI
criteria.

Thereare OECD test guidelines319 A/B  using rainbow troutcryopreserved hepatocytes
and liver S9sub -cellularfractions fordeterminationof  invitro intrinsic clearance (OECD,
2018b,c) and an accompanying guid ance document (OECD, 2018a) providing
information on how to best perform studies by these methods.

As explainedin the  guidance document(OECD, 2018a), t hereare significant differences
betweenthetwo invitro systemswhichshould be consideredbefore justifying choice of

one specific. Hepatocytes contain the whole setof metabolic enzymes and cofactors at
physiological levels.  Liver S9 sub -cellular fractions are cell -free systems containing
cytosolicandmicro  somalenzymes, but require the addition of cofactors. However, rate -
limiting factors specifically associated with hepatocytes may include cofactor depletion

and / or restricted chemical diffusion acrossthe cellmembrane. If uptakeis rate -limiting
on biot ransformation, hepatocytes may be closer to the in vivo situation and a more
appropriate choice for the invitro system.

Both invitro systems are considered to have a limited working lifetime due to a

progressive loss of enzymatic activity. Hepatocytes a re thought to maintain their
biotransformational integrity longer, so they may be preferred for assessing slowly
metabolized chemicals.  The activity of a trout liver S9 substrate depletion assay has

been shown to decline over time, presumably due to proteo lytic degradation of
biotransformation enzymes. To address this problem, protease inhibitors (i.e.,
phenylmethylsulfonyl fluoride) have been added to homogenization buffers and/or

reaction mixtureswhich canincreasethe working lifetime of theseassays an d therefore
could improve the detection of slow in vitro clearance rates (Nichols etal. 2021).
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There have been few direct comparisons of the hepatocyte and liver S9 sub -cellular
fractionassays (Han etal. ,2009; Fay et al, 2016; OECD, 2018 d). Overall, av ailable data
suggests that there is no preference for one in vitro system or the other.

When evaluating data quality and adequacy of the test results for the bioaccumulation
assessment , validity of the test should be confirmed on the basis of following:

1 a validated analytical method to quantify test chemical is available;

I invitro activity of the test system was confirmed during incubation time ,
taking account of validity criteria listed in OECD test guidelines 319 A/B ;
1 since biotransformation ratesare temperature sensitive, the testtemperature

has been maintained  within ranges indicated in the test guideline ;

1 thestartingtest substance concentration should be substantially lower than
the Michaelis - Menten affinity constant (K m) forthe reaction in order to result
in first -order depletion kinetics

9 to take account of potential losses of the substance due to other than
metabolisation proce sses (e.g. due to volatilisation, adsorption, abiotic
degradation etc. );

1 thatatleast sixtime points were used to determine the clearance rate and
two independent runs were performed;

If BCF is estimated by application of IVIVE, test substance should be within applicability
domainof IVIVE (see R.7.10.3.1 , Invitro dataon aquatic bioaccumulation ). Kosfeld, et
al. (2020) have shownthatIVIVE BCF estimation via rainbow trout hepatocytes delivers

plausible result ranges for lipophilic organic substances, but recommend further
investigations with a broader range of compounds. Experience with  invitro data and
IVIVE is still limited, and theref ore aresultingBCF estimate should be usedwith caution.

See Section R.11.4.1.2.4 of Chapter R.11 of the Guidance on IR&CSA ) for more
information

R.7.10.4.2  Non -testing data on aquatic bioaccumulation

In silico and (Q)SAR mod els

DISCLAIMER: this section does not include the latest information on the use of (Q)SAR
models as it has not been fully update d since publication of the first version of this
document .

The evaluation of the appropriateness of QSAR results should be base d on an overall
evaluation of different QSAR methods and models. The assessment of the adequacy of a

single QSAR requires two main steps, as described below. These concepts are also
considered generically in Section R.6.1.

Evaluation of model validity

A nu mber of studies have evaluated the validity of various BCF (Q)SAR models.
Important parameters arethe correlation coefficient R? value), standard deviation ( SD)
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and meanerror( ME). SD and ME are better descriptorsof method accuracy than the R?
value.

Among the QSAR models based onthe correlation between BCF and K o, Meylan et al.
(1999) compared their proposed fragment -based approach with a linear (Veith and
Kosian, 1983) and bilinear (Bin tein etal. ,1993) model, using a data setof 610 non -ionic
compounds. The fragment method provided a considerably better fit to the data set of
recommended BCF values than the other two methods, as shown by the higher R? value,

but more importantly, a muc h lower SD and ME.

Some studies have also compared the performance of models based on molecular

connectivity indices, K ow and fragments (e.g. Lu etal. , 2000, Hu. etal. , 2005).
Gramatica and Papa (2003) compared their BCF model based on theoretical molecu lar
descriptors selected by Genetic Algorithm with the molecular connectivity index approach

and the BCFWIN model. The use of apparently more complex descriptors was

demonstrated to be a valuable alternative to the traditional log K ow approach.

Assessment_of the reliability of the individual model prediction

Evaluation of the reliability of a modelpredictionfor a single substance is a crucial step
in the analysis of the adequacy of a QSAR result. Severalmethods are currently available

but none of these p  rovide a measure of overall reliability. It is important to avoid the

pitfall of simply assuming thata modelis appropriate for a substance just because the
descriptor(s) fallwith the applicability domain. Severalaspectsshould be considered and

the ove rall conclusion should be documented (e.g. Dimitrov et al. , 2005b):
1 Preliminary analysis of physico  -chemical properties that may affect the quality
of the measured endpoint significantly, such as molecular weight, water
solubility, volatility, and ionic dissociation.

1 Molecular structural domain (e.g. are each of the fragments and structural
groups of the substance wellenoughrepresented in the QSAR training set?).

1 Mechanisticdomain (e.g. does the substance fitin the mechanistic domain of
the mode I?).

1 Metabolic domain (relating to information on likely metabolic pathways within
the training set, identification of metabolites that might need to be analysed
in addition to the parent compound).

Some of the steps for defining the model domain can be sk ipped depending on the
availability and quality of the experimental data usedto derive the model, its specificity
and its ultimate application.

It should also be noted that BCF models tend to have large uncertainty ranges, and the
potentialrange of apre  dicted value should be reported. Predictions for substances with
log K ow >6 need careful consideration, especially if they deviate significantly from
linearity (see  Section R.7.10.5 ).

Table R. 7.10 8 2 lists some commonly used models that can be used to help make
decis ions for testing or regulatory purposes if a chemical category -specific QSAR is not
available. The registrantmayalso choose othermodelsif they are believed to be more
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appropriate. The table indicates some of the important considerations that need to be
taken into account when comparing predictions between the models.

TableR. 7.10 0 2
BCFs

Commonly used in silico/ QSAR models for predicting fish

DISCLAIMER: this table does not include the latest information on the use of (Q)SAR
models as it has not been fully update d since publication of the first version of this

document .
Training Chemical Comments Reference
set log domain
Kow

Veith et 1t05.5 Based on Not applicable to ionic or partly Veith et

al., 1979 neutral, non - ioni sed substances, and al., 1979;
ioni sed organometallics. EC, 2003
substances (total
of 55
substances ).

Modified 610 ~9.8 Based mainly on Claimed log K ow range should be EC, 2003

Connell non - taken with caution: the model
metabolisable accounts for non -linearity above log
chlorinated Kow 6, butis unreliable at log K ow >8.
hydrocarbons
(total of 43 Used historically for substances with
substances ). alog K ow > 6, butother models are

now more appropriate (see below).

EPIWIN © 1to ~8 Wide range of Carefully check any automatic Meylan et
classes included; assignment of chemical class. Assess al., 1999
694 substances if sub -structures of substance are
in data set used. adequately represented in the

training set.
May be unreliable above log K ow of
~6.

BCFmax 1to ~8 Wide range of Preferred model for highly Dimitrov et
classes covered; hydrophobic (log K ow > 6) substances al., 2005a
includes BCF (due to conservatism). Can account
data from for factors that can reduce BCF (e.g.
dietary tests on metabolism, ioni sation and molecular
hydrocarbons size).

(log K ow <7
only).
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BIONIC Evaluated Neutral and Mechanistic mass balance model, Armitage
dataset of ioni sable organic evaluated (validated) against etal. ,
-2to ~8 chemicals independent empirical BCF data . 2013
(estimated
range log
DatpH7
is~ -4.0 1
5.0)

E C H APractical Guide 5: Howtouse and report (Q)SARs provides guidance on how to
use and report (Q)SAR predictions under REACH. The Practical Guide also includes a list

of QSAR models suitable for predicting bioaccumulation in aquatic speci es (Table
R.7.10 6 1).

Read -across and categories

Whenapplyingread -across basedonBCF twoimportantaspectshave to be considered,
i.e. the lipophilicity and the centre of metabolic action for both the source and target
substances.

The BCF value of a substance is generally positively correlated with its hydrophobicity

whichis determined by Kow . Therefore, when bioaccumulation is solely o r partiatially
driven by hydrophobicity, if the substance to be evaluated has a higher log K ow than an
analogue substance for which a BCF is available, the BCF value has to be corrected

unless justified why itis notnecessary . The use of the samefactor o f difference as for
Kow Will be a reasonable worst  -case estimate, because generally the relationship between

BCF andK . is slightly less than unity. For example, if the substance to be evaluated has

one methylgroup more thanthe compound for which a BCF value is available, the log
Kow will be 0.5 higher and the estimated BCF fromread -across is derived fromthe known
BCF multiplied by a factor of 10 %5 In principle, this correction should give reasonable
estimates aslong as the difference in log K ow IS limited. However, the addition of one
ethyl group already leads to a differenceinlog K ow Of morethanone log unit or a factor

of 10 on the BCF value. If the substance to be evaluated has a lower log K ow than the
substance for whicha BCF value is availa ble, care mustbe taken notto adjust the value

too far downwards.

If the substance has such alarge molecular size (see Section R.7.10.3.4 )thatthe uptake

of the substance by an organism might be hindered, a different approach should be
followed. The addition of an extra substituent that leads to an increase of the log K ow
value does not necessarily lead to a higher BCF value in this case. Onthe contrary, such
an addition may cause the substanceto be less easily taken up by the organism, which

may resultin a lower instead of a higher BCF value. In such cases the ideal compound

forread -acrossis a structurally similar compound with a slig htly smaller molecular size.

Another important aspectis the capability of fish to metabolise substancesto more polar
compounds, leading to a lower BCF value (in some circumstances metabolism could lead

to the formation of more bioaccumulative substances) . Small changes to molecular
structure can be significant. For example, metabolismmay be inhibited if a substituent is

placed on the centre of metabolic action. If read -across is applied, it mustbe recognised
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that the presence of such a substituenton th e substance to be evaluated may lead to a
strongly reduced metabolism in comparison with the substance for which the BCF is

known. As a consequence, the BCF value may be underestimated. If there are

indications of metabolism forthe analogue substance for whicha BCF value is available,
it mustbe examined if the same potential for metabolism is present in the substance

and the species to be evaluated.

An indication of metabolism can be obtained by comparing measured BCF values with
predicted values from QS  ARs based on log K ow. These QSARs are based on neutral
organic compounds that are not metabolised strongly. If it appears that the BCF of a
substance lies significantly below the estimate from the QSAR (e.g. more than one log

unit), this is a strongindica tionfor metabolism of the compound. Further indications of
metabolism may be provided by invitro methods (see Section R.7.10.3.1 ) and
inferences f rom mammals (see Section R.7.10.3.4 ).

R.7.10.4.3  Field data on aquatic bioaccumulation

Bioaccumulation data obtained from field studies can differ from those measured in
laboratorytests with fish or aquatic invertebrates. This is because the latter are designed

to provide data under steady - state conditions, and generally involve water -only
exposures, little or no growth of the test species, a consistent lipid content in the
organism and its food, constant substance concentrations, and constant temperature.

These conditions are not achievable in field settings, where there are also additional
influences such as differences infood diversity and availability, competition, migration,

etc. Field biomonitoring data may sometimes be available. This is discussed further in
Section R.11.4.1.2 in Chapter R.11 of the Guidance on IR&CSA

Caution should be used when interpreting bioaccumulation factors measured in st udies
with mesocosms or caged animals, because key environmental processes that occur in
larger systems might not have been known or reported. For example, it should be
confirmed whether exposure concentrationsin amesocosm were stable throughout the

obse rvation or if bioaccumulation may have taken place before the start of the
observation period. Furthermore, sediment -water disequilibrium can be influenced by
water column depth and primary production, which will influence substance
bioavailability and upt  ake in the organisms sampled. Similarly, caged animals may not
have the same interactions in the environment as wild animals, leading to differential
uptake of the test  substance infood or water. It is also imperative for caged animal
studies that suffici  entduration be allowed so thatthe organisms can approach a steady
state (e.g. Burkhard etal. , 2003 and 2005).

The precision or uncertainty of a field B(S)AF determination is defined largely by the

total number of samplescollected and analysed. For prac tical reasons, precision of the
measurementsmay be balanced against the costs associated with sample collection and
analysis, and in many cases, pooling of samples is required to limit costs associated with

the analyticalanalyses. Gathering and reporting too little information is far worse than
providing too much information. The adequacy of the data on the intended purpose

depends on their quality, and data from a field study that will be used to quantify
bioaccumulation should ideally report the followi ng:

1 sampling design (site selection, spatial resolution, frequency of determination,
etc.) and details of the sampling methodology, sample handling, sample
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storage and delivery conditions and stability, steps taken to reduce
contamination, and of all equip ment being used;

1 description of analytical methods (including use of field blanks, proceduraland
instrumental blanks in analysis, laboratory pre -treatment, standardreference
materials, etc.), as well as evidence of quality control procedures;

1 spatialand temporal gradients in substance concentrations T in particular,
care should be takenthat the samples used to derive bioaccumulation factors
are collected atthe same time from the same location, and sufficient details
provided to relocate the sampled sit e. Samples grabbed randomly without
consideration of the organi smés home range wil
predictive ability for substance residues in the organisms because the water
(and/or sediment) data will not be representative of the organis mdéds actual
exposure (Burkhard, 2003);

1 physical details of the site, including temperature, salinity, direction and
velocity of waterflow, water/sediment depth and physico - chemical properties
(e.g. particulate organic carbon and dissolved organic carbon le vels);

9 details of the organisms being analysed, including species, sex, size, weight,
lipid content and life history pattern (e.g. migration, diet, and food web
structure (which may be determined using measurements on nitrogen or
carbonisotopes (Kiriluk  etal. , 1995)) and composition). Forresident species,
the sample collection should be fairly straightforward. Migratory species may
present special challenges in determining which food, sediment, or water
sample should be used to calculate the BAF;

1 informa tionenabling an assessmentof the magnitude of sorption coefficients
to particulate matter, e.g. whethersorptionis controlled by organic carbon or
black carbon;

i details of data handling, statistical analysis and presentation; and

1 any other detailed inf  ormation that is important for understanding or
interpreting the field data.

The Arctic Monitoring and Assessment Programme (AMAP, 2001) has published
recommendations with regard to assessing the quality of monitoring data, suggesting
that only data froms  tudies withdocumented quality assurancefor allor some stages of
the data gathering process should be usedfor determining spatial and temporal trends
and other types of data interpretations. If no information is available on quality
assuranceprocedures |, buttheresults are consistent with other reports concerning the
same sample types, the data can be used to show relative trends (assuming that they
are internally consistent). If thereis no evidence of quality assurance or if the data are
incompatible  with other studies, the results should not be used. In addition, expert
judgement will usually be required on a case -by - case basis.

Burkhard (2003) performed a series of modelling simulations to evaluate the underlying

factors and principles that drive the uncertainty in measured B(S)AFs for fish, and to
determine which sampling designs minimi se those uncertainties. Temporal variability of
substance concentrationsin the water column, and the metabolism rate and K ow for the
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substance appear to be dominant f actorsinthe field -sampling design. The importance of
temporalvariability of concentrations of substances in water increases with increasing

rate of metabolism. This is due to the factthat the rate of substance uptake from water

(whichis independent of the rate of substance metabolism) becomes more important in
controlling the total substance residue in the fish with increasing rate of metabolism.

Spatial variability of the substance concentrations, food web structure, and the

sediment -water columnconc entration quotient had a lesser importance upon the overall
design. The simulations also demonstrated that collection of composite watersamples in
comparisonto grab water samples resulted inreductions in the uncertainties associated

with measured BAFsf orhigher K o substances, whereas for lower K ow Substances the
uncertainty in the BAF measurement increases.

Data on biomagnification (TMF,BMF or B AF-values)should be calculated based on lipid -
normalised concentrations (unlesslipid is not importantin t he partitioning process, e.g.
for many inorganic compounds).

Substance concentrationsfrommigratory populations of fish, marine mammals and birds
may be available. Because sampling of satellite - or radio -tagged populations is
extremely rare, noting the kn own migration routes and when sampling occurred along
those historical timelines can be important for identifying trends in contaminant
exposureand cycles of bioaccumulation and release of contaminants from fat stores
(Weisbrod etal. ,2000 and 2001). If the migratory history of the sampled population is
unknown, as is frequently the case for fish and invertebrates, stating what is known
about the animalsdéd expected duration at the site o
comparing BAF values from multiple populations or sites.

The trophic magnif ication factor (TMF) is a metric that describes the average trophic
magnif icationof a chemical throughafoodweb. TMFs may be used forthe riskassessment

of chemicals, although TMFs for single compoundscanvary considerably between studies
despite thorough guidance available in the literature to eliminate potential sources of error.

The practical reali sation of a TMF investigation is quite complex and often only a few
chemicals can be investigated due to low samp le masses (Kosfeld etal. 2021). A study
funded by Umweltbundesamt  /Germany, evaluated whether a pragmatic approach
involving the large -scale cryogenic sample preparation practices of the German

Environmental Specimen Bank (ESB) is feasible. It was shown th at food web samples
derived from Lake Templin (Potsdam ,Germany ) allow an on -demand analysis and are
ready -to-use for additional investigations. Since substances with non - lipophilic
accumulation properties were also included in the list of analy sed substances, it was

concludedt hat t he 6F oo dipprozecth provid es sarapées which could be used to
characteri se the trophic magnif ication potential of substances with unknown
bioaccumulation properties in the future which in return could be compared directly to

defined benchmarking patterns. This approach could provide  sufficientsample masses for
a reduced set of samples allowing screening for a broad spectrum of substances and by

that enabling a systematic comparison of derived TMFs (Kosfeld etal. 2021) .
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R.7.10.4.4  Other indications of bioaccumulation potential

High -quality experimentally derived K o values are preferred for organic substances.
When HPLC generated estimates of log Kow are available, especially if the HPLC

generated estimate of log Kow is in the range of one log unit below or above the
screeningvalue of logK  ow=4.5,it is advisedto always generate QSAR estimations of

log Kow together with it (see Chapter R.11 of the Guidance onIR&CSA Appendix R.11 -5
for a comparison between HPLC and KOWWIN QSAR generated logKow values

Alternative descriptors to log K ow Suchas themembrane lipid -waterpartition(  Kmuw/D mww)
ormembrane lipid -water distributioncoefficient(D  mw)mayberelevant  forionisable and
surface -active substances and appropriate for use in some in -silico bioaccumulation
approaches ( further details are provided in Appendix R.7.10 -3). If this is not possible
(e.g. because the substance doesnotfallwithin the model domain), an estimate based

on individual n-octanol and water solubilities may be possible. If multiple log K ow data
are available for the same substance, the reasonsforany dif ferences should be assessed

before selecting a value. Generally, the highest valid value should take precedence.

Further details are provided in Section R.7.1 in Chapter R.7aofthe = Guidanceon|R&CSA

Further guidance on the evaluation of mammalian toxicokinetic data is provided in
Section s R.7.10.15 and R.7.12 .

R.7.10.4.5  Exposure considerations for aquatic bioaccumulation

Column2 of AnnexIX  to REACHSstates thata study is not necessary if directand indirect

exposure of the aquatic compartmentis unlikely (implying a low probability of i rather

than low extentof T expos ure).Opportunitiesforexposure -basedwaiving are therefore

limited. Furthermore, it should be noted, thatif the registrant cannot derive a definitive

conclusion (i) AThe substance does not fulfil the

substancefulfls t he PBT or vPvB criteriao i osingtheecle®aBtT/ v Pv B a
available information, the only possibility to refrain from testing (or generating other

necessary information) i sasifiibsatPBTeorvPvBt he ( sQaidadea nc e
in IR &CSA, Chapter R.11fordetalils). Since bioaccumulationis such a fundamental part

of the assess mentof the hazard and fate of a substance, it may be omitted from further

consideration on exposure grounds only under exceptional circumstances. This might

include, for example, cases whereit can be reliably demonstrated (by measurement or

other evidenc e)thatthereis norelease to the environmentatany stage in the life cycle.

An example mightbeasite  -limited chemicalintermediate thatis handled under rigorous

containment, with incineration of any process waste. The product does not contain the

sub stance as an impurity, and is not converted back to the substance in the

environment. Potentiallossesonly occur fromthe clean -down of the process equipment,
and the frequency and efficiency of cleaning (and disposal of the waste) should be
considered.

It should be noted that if bioaccumulation data are only needed to refine the risk
assessment (i.e. they will not affect the classification or PBT assessment), other
exposurefactors should be considered before deciding onthe needto collectfurther data
fromavertebratetest. For example, further information on releases or environmental
fate (such as persistence) may be useful.


http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
https://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
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R.7.10.4.6  Remaining uncertainty for aquatic bioaccumulation
Boththe BCF and BMF should ideally be based on measured data. In situations where

multiple BCF data are available for the same substance, organism, life stage, test

duration and condition, the possibility of conflicting results might arise (e.g. due to

differing lipid contents, ratio of biomass/water volume, ratio of biomass/concentration of

substance , timing of sampling, feeding of testfish, etc.). Ingeneral, BCF data from the

highest quality tests with appropriate documentation should be used in preference, and

the highestvalid value (following lipid normalisation, except for cases where lipid is not
the main compartment of accumulation ) should be used as the basis for the assessment.
When more reliable BCF values are available forthe same speciesand life stage etc., the

geometric mean (of the lipid normalised values, where appropriate) may be us ed as the
representative BCF value for that speciesfor bioaccumulation -- andrisk assessment. The
GHS criteria guidance mention that this is applicable in relationto chronic aquatic hazard
classification when four or more such data are available (OECD, 2 001).

If measured BCF values are not available, the BCF can be predicted using QSAR
relationships formany organic substances. However, consideration should be given to
uncertainties inthe input parameters. For example, due to experimental difficulties in
determining both K ow and BCF values for substances with a log K ow above six, QSAR
predictions for such substances will have a higher degree of uncertainty than less
hydrophobic substances.  Any uncertaintyinthe derived BCF may be taken into account

in a sensitivity analysis.

The availability of measured BMF data on predatory organisms is very limited at present

The default values given in Table R. 7.10 8 3 should be used as a screening approach
designed to identify substancesfor which it may be necessary to obtain more detailed
information on variables influencing the secondary poisoning assessment . These are
basedondata published by Rasmussen etal. (1990),Clark and Mackay(1991), Evans et
al. (1991) and Fisk etal. (1998), with the assumption of a relationship between the
magnitude of the  field -BMF,the BCF and the log K .w. It is recognised that the available
data are only indicative, and that othe r more complexintrinsic propertiesof a substance

may be importantas wellas the species under consideration (e.g. its biology in relation

to uptake, metabolism, etc.). It is recognised that , for the purpose of secondary
poisoning assessment, the BMF to be used should be a value representing

biomagnification in field conditions. A BMF resulting directly ~ from a dietary fish
bioaccumulationtest(OECD TG 305) cannotbe used withoutmodifications as a BMF for
secondary poisoning assessment.

When a BMF for secondary poisoning assessment cannot be derived on the basis of
experimental orfield data,a BMF may be estimated using log Kow data as described in
TableR. 7.10 6 3. The second column of this table shows (ranges of) BCF values. These

values are meant to help select default BMF values if experimental BCF data are

available. The programme BCFBA  F within the EPISuite could also be used to estimate
BMF/TMF values for hydrophobic substances in the pelagic environment. This could be

done by comparing the BAF values calculated at different trophic levels after lipid

normalisation of the BAF (lipid con tents are 10.7%, 6.85% and 5.98% in the model for
the upper, middle and lower trophic levels, respectively).
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TableR. 7.10 0 3 Default BMF values for organic substances for secondary
poisoning assessment (not app licable for PBT/VPVB assessment)

log K ow of substance Measured  BCF (fish) BMF
<45 < 2,000 1
45 - <5 2,000 -5,000 2
57 8 > 5,000 10
>8 i 9 2,000 -5,000 3
>9 < 2,000 1
The recommended BCF triggers are less conservative than the log K ow triggers because
they more realistically take the potential for metabolism in biota (i.e. fish) into account.
Due to this increased relevance, the use of measured BCF values as a trigger w ould take
precedence over a trigger based on log K ow -

Ifno BCForlogK ow dataare available, the potential for bioconcentration in the aquatic
environmentmay be assessed by expertjudgement (e.g. basedon a comparison of the
structure of the molecule wi th the structure of other substances for which
bioconcentration data are available).

R.7.10.5 Conclusions for aquatic bioaccumulation

In view of the importance of this endpointin the assessment of a substance , a cautious
approach is needed. Alltypes of relevant data as descri bed in the previous sections
should be considered together in a weight -of -evidence approach in order to derive a
conclusion.

If the differentlines of evidence coherently point to the same direction, or it is possible

to plausibly explain the discrepancies betweendifferent data types,itmay be possible to
draw a conclusionon the bioaccumulation potential for PBTAPvVB assessment and/or to
derive a BCF and BMF for secondary poisoning a ssessment without generating new
information.

Reliable measured fish BCF data onthe substance itself , If such data are available, are
normally considered the most representative information on the bioaccumulation
potential . The fish BCF is widely used as a surrogate measure for bioaccumulation
potentialin a wide range of gill - breathing aquatic species (e.g. crustacea). It should be
noted that:

1 Experimental BCF data on highly lipophilic /hydrophobic  substances (e.g. with log
Kow above 6) will have a much hi gher level of uncertainty than BCF values
determined forless lipophilic /hydrophobic  substances. Inthe absence of data on
other uptake routes, itis assumed that direct uptake fromwateraccounts for the
entire intake for substanceswithalog K ow below ~ 4.5 (EC, 2003). For substances
with alog K ow 24.5, other uptake routes such as intake of contaminated food or
sediment may become increasingly important.
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1 The BCF gives a partial picture of accumulation (especially for very hydrophobic
substances), andadd itionaldata on uptake and depuration kinetics, metabolism,
organ specific accumulation and the level of bound residues are alsouseful. Such
data will not be available for most substances (OECD, 2001).

Furthermore, OECD TG 305 lIl: Dietary Exposure Bioacc umulation Fish Test provides a
range of v aluable experimental information which can be considered for the
bioaccumulation assessment. Paragraph 167 of the test guideline lists all the relevant

measured and calculated data fromthe study which should be reported and considered

for the bioaccumulation assessment, including the BMF values, substance assimilation
efficiency and overall depuration rate constant (k 2) whichallows to calculate BCF values
using modelledk i estimates . Furtherguidance onthe OECD TG 305 is available ( OECD,
201 7). Reliable measured BCF/BAF data from aquatic inverte brates can be used , ff
available , in a Weight -of -Evidence assessment . As described in Section s

R.7.10.3 /R.7.10.4 andsection R.7.10.6 , existing informationon fieldstudies , invitro fish
metabolism studies  and information on toxicokinetics should be considered as part of a
weight -of -evidenceapproach aswell . Invitro fishmetabolismstudies can provide useful
evidence of the potential for metabolism .If the metabolism of a substance is shown to

be high , this may indicate that the bioaccumulation potential is lower than predicted by

its Log Kow .

Another line of evidenc e concerns predicted BCF/BAF/BMF values from validated QSAR
models. Models that use measured data as inputterms may be preferable to those that

require calculated theoretical descriptors. Data from a nalogue substances can also be
considered where relevant .

A further line of evidence concerns indications and rules based on physico -chemical
properties. The logK ow is a usefulscreening toolfor manysubstances, anditis generally
assumedthatnon -ionised organic substances with a log K ow below 3 (log Kow be low 4

for aquatic chronic ¢ lassification categories ) are not significantly bioaccumulative.

These lines of evidence can be assessed together as part of an overall Weight -of -
Evidence to decide on the need for additional testing when a fully valid fish test is
unavailable. In principal, the available information from testing and non -testing
approaches, togetherwith other indications such as physico -chemical properties, must
be integrat edtoreachaconclusionthat is fit for the regulatory purpose regarding the
bioaccumulation of a substance. The following scheme presents the thought processes

that must be considered for substances produced or imported at 100 t/y or above.

If conclusions on bioaccumulation potential cannotbedrawn forthe purposeof PBTAPVB
assessment(whenrelevant)and/or a BCF and a BMF cannot be derived for the purpose

of secondary poisoning assessment based on available data, further data generation is
necessary. The type of additional data to be generated depend sonthe available dataset
and animal data should be generated as a lastresort. If (new)animal data are needed, a

flow -through bioaccumulation test according to OECD 305 TG is the preferred o ption.
Where itis not technically feasible to perfom an aquatic fish bioaccumulation study

under flow -through conditions, next preference is to generate new data with a fish

dietary study. Also, measurements of existing specimenbank samples may be used for
measuring field bioaccumulation. However, such alternative to experimental in vivo
testing may only serve data generation in specific, well justified cases due to many

uncertainties regarding field data. The possibility of generating new high quality fi eld



Chapter R.7c: Endpoint specific guidance
58 Version 4.0 1 December 20 23

data with new samples is not excluded, incaseanimal use cannotbe avoided. However,
suchnew animal studiesshould only be considered inspecific caseswhere other type s of
experimental studies are expected not to provide additional information on
bioaccumulation.

It should also be noted that substanceswitha combination of logK ow >2and logKoa >5
have the potential to accumulate more preferably into air -breathing organisms than
aquaticorganisms . Therefore , a justification should be providedi f such accumulation
path into air -breathingorganisms is not relevant for the assessmentor, if relevant , a
case-by-caseassessmentof risks inair - breathing organisms should be carried out (see
Sections R.7.10.8 to_R.7.10.15 ).

It should be noted, that currently no generic guidance on a systematic weigh t-of -
evidence approach canbeprovided but basic principles are available for reference in a
Practical Guide on Howto use alternatives to animal testing to fulfil your information
requirement s for REACH registration

Step 1 T Characterisation of the substance

Verification of the structure:

This information is essential for the potential use of non -testing techniques (e.g. (Q)SAR
models). Inthe case of multi - constituent substances, it may be necessary to consider
two or more structures, if a single representative structure is not considered sufficient

(see Appendix R.7.10 -3). LogKmww or logD o' also may be appropriate and relevant for
use in some in some circumstances (see Appendix R.7.10 -3).

Physico -chemical properties of the substance:

Gather information on the physico -chemical properties relevant for assessment of

bioaccumulation (see  Section R.7.10.3 ),i.e. vapourpressure, water solubility and log K ow

(and, if available, octanol solubility, molecular weight (including size and maximum

di ameter, i f relevant), He niony &x/ K})) amdpka)o nst ant , adso

Information about degradation of the substance:

Gather information on degradation (including chemical reactivity, if available) and

degradation products formed in environment (see Section R.7.10.3 ). This may include
possible metabolites formed due to metabolism in organisms (e.g. based on available
toxicokinetic datain fish or mammalian species, if available). Based on this in formation,

conclude whether degradation products/metabolites should be included in the evaluation
of the parent substance or not.

Preliminary analysis of bioaccumulation potential:

Based onthe above considerations, make a preliminaryanalysis of the bioac cumulation
potential of the substance (and degradation products/metabolites, if relevant):

7
Membrane lipid -water partition/distribution


https://echa.europa.eu/practical-guides
https://echa.europa.eu/documents/10162/13655/practical_guide_how_to_use_alternatives_en.pdf/148b30c7-c186-463c-a898-522a888a4404
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1 Examine information on log K ow. Does this suggest a potential for
bioaccumulation atenvironmentally relevantpH i.e. log Kow > 3)? If so, then:

- IflogK ow <6, esti mateapreliminary BCF according to a linear model
(e.g. Veith etal. (1979) and Meylan etal. (1999)).

- If log Kow >6, the quantitative relationships between BCF and Kow are
uncertain. A preliminary BCF of 25,000 (corresponding to a log Kow of
6) should be assumed in the absence of better information (see
below).

- Guidance on ionisable substances is given in Appendix R.7.10 -3.

- Aseries of molecular and physico -chemical properties can be used as
indicators for areduced uptake inrelationto the PBT assessment (see
Chapter R11 for furtherguidance). If itis concluded tha tthe B criterion
will not be met, a preliminary BCF of 2,000 may be assumed as a
worst case (e.g. for the Chemical Safety Assessment).

- Substance characterisation may highlight that the substance is

6difficultd (e.g. it may ha(eglogkph3d),gh
or it might notbe possible to measure or predict a Kow value); further
guidance on some common problems is given in Appendix R.7.10 -3.

- Identify relevantexposureroutes: only via water or by water and oral
exposure (e.g. for substances with log K ow >4.5).

Step 2 1 Identification of possible analogues

Searchforexperimental bioaccumulation data on chemical analogues, as part of a group
approach if relevant (see Section R.7.10.3.2 ). Justify why the chosen analogues are
considered similar (as regardsbioconcentration potential). Supplementary questions to

be asked at this stage include:

1 Doesthe substance belongtoa group of substances thatare knownto have a
potentialto accumulate in living organisms (e.g. organctin compounds, highly
chlorinated organic substances, etc.)?

1 Islog K ow a relevant predictor for bioaccumulation (i.e. based on expected
accumulationin! ipid)? Experimental evidence or other indications of sorption

mechanisms other than partitioning into lipids (e.g. metals , perfluorinated
compounds ) should be thoroughly evaluated. In case there are reasons to
believe that the substance may bioaccumulate b ut not in fat, a BCF study
should be performed since there are currently no non -testing methods
available to estimate bioaccumulation potential quantitatively for such
compounds.

Step 3a 1 Evaluation of existing invivo data

Available invivo datamayincl udeinvertebrate (including algal) BCFs, fish BCFs, BMFs
for fishfromdietary studies (which can be converted to a BCF), BSAFsforinvertebrates,

BMFs for predatorsfromfield studies, and toxicokinetic data from mammals (and birds if

available). Assess a Il available results (including guideline and non -guideline tests) for

adsor |
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their reliability according to the criteria provided in Section R.7.10.4.1 . Ifdata from one
or several standard tests are available continue with the evaluation of this type of datain
step 4b (below).

Ot her indications of the substanceds biomagnificati:
considered. For example, resultsfrom field studies (including monitoring data) may be

used to support the assessment of risks due to secondary poisoning and PBT

assessment. Reliable field data indicating biomagnification may indicate that the BCF of

the substance is approximately equalto or greater thanthe BCF estimated from the K ow.

Step 3b i Evaluation of non -testing data

(Q)SARSs based on K . are generally recommended if K ow IS @ good predictor of
bioconcentration. Use of (Q)SARs based on water solubility or molecular descriptors may

also be considered, although these may be associated with higher uncertainty. The

selection of a particular QSAR should always be justified. If several generally reliable

QSAR predictions are available, the reason for the difference should be considered.
Exper t judgement should be used, following the approach outlined in Section R.6.1 in
Chapter R.6 of the  Guidance on IR&CSA . In general, a cautious conclusion should be
drawn, using the upper ra  nge of the predicted BCF values of the most relevant and

reliable QSAR model(s).

If analogues with experimental BCF data are available, anindication of the predictability

of the selected (Q)SARC(s) for the substance canbe achievedby comparing the predict ed
and experimental results forthe analogues. Good correlation forthe analogues increases

the confidence in the BCF prediction for the substance (the reverse is true when the
correlationis not good). Whenread -acrossis doneit is always necessary to ex plain and
justify why the analogue is assumed to be relevant for the substance under assessment

(including how closely related the analogue is in relation to the bioaccumulation

endpoint).

See Section R.7.10.4 and the chapter for grouping of substances (Section R.6.2 in
Chapter R.6 of the  Guidance on IR&CSA ) for further guidance.

Step 3¢ T Evaluation of invitro data

If reliable invitro metabolism data are available (see Section R.7.10.4 , In vitro data),

and the substance is within the applicability domainof IVIVE ,thenthey may be used as
support ing information withina Weight of Evidence approach to produce an estimated
BCF or a qualitative indication for a reduced BCF due to metabolism. Furtherinformation

is available in  Section R.7.10.3.1 .
Step 4a 1 Weight -of -Evidence assessment

Section4.1 of the  ECHA Practicalguide on  fiHow to use alternatives to animal testing to
fulfilyour information requirements for REACH registration 0 (ECHA, 2016) ) provides a
general scheme for building a Weight -of -Evidence approach. A tiered assessment
strategy for fish bioaccumulation assessment has been proposed, but this strategy has

not yetbeentestedin a regulatory context ( Lilicrap etal. , 2016 ). Further discussion of
howto usethe Weight -of - Evidence approachin PBT assessment is available in Chapter
R.11 of the Guidance on IR&CSA
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Step 4b i Weight -of-Evidence for multiple experimental BCF data

Studies that do not match evaluation criteria in Section R.7.10.4.1 should be considered
of lower reliability and should normally be assigned a lower weight

If several reliable fish data exist, reasons for any differences should be sought (e.g.
differentspecies, sizes, etc. I see Section R.7.10.4.1 ). Data should be lipid -normalised
and corrected for growth dilution where possible (and appropriate) to reduce inter -
method variability.  Particular scrutiny should be givenif result sfrom th e tests are close
tothe B or vB threshold s. If differences still remain (e.g. high quality BCF values for
different fish species are available), the highest reliable lipid -normalised BCF value
should normally beselected. Alternatively, theapproachindic atedby Section4.1.3.2.4.3
of the Guidance on the application of the CLP criteria could be considered. This  suggests
using a geometricmean where four or more equivalent ecotoxicity tests are available.

Overall, the approach used should be justified, and be supported by the  Weight - of -
Evidence available.

Organ -specific BCF data may be used on a case -by -case basis if adequate
pharmacokinetic information is available (see Section R.7.10.4.1 ).

Againstthe background of the need to reduce vertebrate studies , itis the aim to use
datafrom alternative experimentalstudies which canbe assessed according to the BCF
criteriaof Annex XIll . BCFsof invertebratestudies (e.g. HYBIT, molluscs) may be used
directly for bioaccumulationassessment, p rovided that valid studies following standard
TGs are available . Reliable H. azteca BCF values from standard tests and converted to

3% lipid may be used to co nclude on B and vB, if BCF is above 2000 L/kg and 5000

L/kg, respectively. In case bioaccumulation potentialis indicated by H. azteca BCF 3%,
but not reaching BCF criteria, further data are needed to avoid underestimation of the
bioaccumulation potential due to the lower lipid content of the amphipods compared to
standardfish (seeSection R.11.4.1.2. inChapterR.11 ofthe Guidance onlR&CSA ). BCF
values determined forother aquatic invertebrates(e.g. algae)s hould not be used, since

they are prone to high uncertainty (see Section R.7.10.4.1 ).
The ITS presentedin  Section R.7.10.6 . builds on these principles. Further discussion of
how to use the Weight  -of - Evidenceapproachin PBT assessment is available in Chapter

R.11 of the Guidance on IR&CSA

R.7.10.5.1 Concluding on suitability for Classification and Labelling

All substances should be assessed for environmental hazard classification.

Bioaccumulation potentialis one aspectthat needs to be considered in relation to long -
term effects. For the majority of non -ionised organic substances, classification may be
based initially on the log K ow (estimated if necessary) as a surrogate, if no reliable
measured fish BCF is available. Predicted BCFs are not relevant for classification

8
The section on suitability of bioaccumulation data for classification and labelling refers to aquatic classification
only (Guidance on the Application of the CLP criteria, Section 4.1) . It does not address the new Classification

criteria for PBT  in Annex | (Part 4) to CLP Regulation (EC) No 1272/2008 ( https://eur -lex.europa.eu/legal -

content/EN/TXT/?uri=0J:1.:2023:093:TOC ).
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purposes becausethe criteria forlong -termaquatic hazard employ a cut off relating to
log Kow, whenthe preferredtype of information, measuredBCF onan aquatic organism

is not available.| ncaseswherethe K o is not a good indicator of accumulation potential
(see Appendix R.7.10 -3),an invivo test would usually be needed if a case for limited
bioaccumulation cannot be presentedbased on other evidence (e.g. metabolism, etc.)

High quality BCFs determined for non -fish species (e.g. blue mussel, oyster and/or
scallop) may be used directly for classification purposes if no fish BCF is available.

R.7.10.5.2  Concluding on suitability for PBT/vPvB assessment

Guidance onthe suitability for PBT/vPvBassessmentis provided in Chapter R. 11 of the
Guidance on IR&CSA

R.7.10.5.3 Concluding on suitability for use in Chemical Safety
Assessment

Fish BCF and BMF values are used to calculate concentrations in fish as part of the
secondary poisoning assessmentforwildlife, as well as for human dietary exposure. A
BMF for birds and mammals may also be relevant for marine scenarios (inthe absence of
actualdata, a fish BMF measured in a dietary testcan be used as a surrogate provided it
is higher thanthe default). Aninvertebrate BCF mayalso be usedto model a food chain
based on consumption of sediment worms or shellfish. An assessment of secondary
poisoning or human exposure via the environment will not always be necessaryforevery

substance; triggering conditions are provided in Chapter R.16 of the Guidance on
IR&CSA.
In the firstinstance, a predicted BCF maybe used for first tier risk assessme nt. If the

PEC/PNEC ratio based onworst case BCF or default BMF values indicates potential risks

at any trophic level, it should first be considered whether the PEC can be refined with

other data (which may include the adoption of specific risk management measures)
before pursuing further fish tests. Such data may include:

M release information,

1 fate -related parameters such as determination of more reliable log K ow OfF
degradationhalf -life (any uncertainty in the derived values should be taken
into accounti n a sensitivity analysis)

In some circumstances, evidence from invitro or mammaliantests maybe used as part
of a Weight -of -Evidence argumentthat metabolism infish will with a high probability be
substantial. This could remove the concern case -by -case, especially if a worst case
PEC/PNEC ratio is only justabove one. Such evaluations will require expert judgement.

Other issues may be relevantto consider and use in a refinement of secondary poisoning
assessment is required. Experience relating to risk assessment of certain data rich
substances indicate that such issues could relate to bioavailability of the substance in
prey consumed by predators, feeding preference of predator in relation to selection of

type of prey (e.qg. fish, bivalvesetc.),feeding range of predators etc. If possible more
complex food web models and specific assessment types may be employed if
scientifically justified. The inclusion of such considerations may provide a more robust

basis for performing secondary poisoning assessment.


http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
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Depending onthe magnitude of the PEC/PNEC ratio and the uncertainty inthe PNEC oral , it
might also be appropriate in special circumstances to derive a more realistic NOEC oral

value from a long -term feeding study with laboratory mammals or birds before
considering a new fish BCF test. If further mammalian or avian toxicity testing is
performed, consideration could also be given to extend such studies to include satellite
groups for determination of the concentration of the substance in the animals during
exposure (i.e. to measure BMF values for top predators).

If further data onfish bioaccumulationare consideredessential, it may be appropriate i n
special casesto startwithfish dietary studies to determine the assimilation coefficient
and the biological  half -life of the substance prior to estimating or determining the BCF.

Al't hough field studies can give valuable 6real

assessments, they areresource intensive, retrospective and have many interpretation

problems. Therefore, field monitoring as an alternative or supplementary course of

action to laboratory testing is only likely to be necessary in exceptional cases, Active

sampling of (top) predators should generally be avoided on ethical grounds. Instead,
studiesarelikelyt orequire non -lethalsampling methods (e.g.collection of animals that

are found dead, droppings, infertile birdso
blubber). Consequently, they will need careful design, and the sampled environment

must be appropriate  to the assessment.

R.7.10.6 Integrated Testing Strategy (ITS) for aquatic
bioaccumulation

R.7.10.6.1 Objective / General principles

The objective of the testing strategy is therefore to provide information on aquatic
bioaccumulation in the most efficient manner so that anima | usage and costs are
minimised. In general, moreinformation is needed when the available data suggest that

the BCF value is close to a regulatory criterion (i.e. for classification and labelling, PBT
assessment, and the BCF that may lead to a risk being identified in the chemical safety
assessment).

R.7.10.6.2  Preliminary considerations

The first consideration should be the substance composition, the chief questionsbeing: i s

the substance a non -ionised organic compound, and does it have well defined

representative  constituents ? If the answer to these is no, then the use of K ow- Or QSAR -
based estimation methods will be of limited help (see Appendix R.7.10 -3).Iti s also
importantto have sufficient information on physico - chemical properties (such as vapour
pressure, water solubility and K ow), Since these will have a significant impact on test

design as well as the potential for aquatic organismsto be exposed (e.g. a poorly soluble
gas might not need to be considered further). tmay be possible at this stage to decide

whetherthe substance is unlikely to be significantly bioaccumulative (i.e. log K ow <3).
Finally,i fthereis substantiated evidencethat directand indirectexposure of the aquatic
compartment is unlikely, then this should be recorded as the reason why further

investigation is not necessary.

eggs

wor

(0]



Chapter R.7c: Endpoint specific guidance
64 Version 4.0 1 December 20 23

R.7.10.6.3  Testing strategy for aquatic bioaccumulation

A strategy is presentedin FigureR. 7.10 6 1 for substancesmade or supplied at 100 t/y
References are made to the main text for further information. The collection of
bioaccumulation data might be required below 100t/y to clarify a hazard classification or

PBT propertiesinsome cases . Collectionand/or generation of additional bioaccumula tion

datais requiredfor the PBT/vPvBassessment incase a registrant carrying out the CSA

cannot draw an unequivocal conclusion either (i) (A°
and vPvB criteriao) or (ii)(AThe s ubd)t aamc avhfeulhfeirl s h
bioaccumulation criteria in Annex Xlll to REACHare metor not (see ChapterR.11 of the

Guidance on IR&CSA for further details) and the PBT/vPvB assessment shows that
additional information on bioaccumulation is needed for deriving one of these two

conclusions .

It should be noted thatin some cases risk management measures could be m odified to
removethe concern identified following a preliminary assessment with an estimated BCF

(in case the substance is potential ly PBT/VPvB, see Chapter R.11  of the Guidance on
IR&CSA for further details ). Alternatively, it may be possible to collect other data to

refine the assessment (e.g. further information on releases, non -vertebrate toxicit 'y

(which could be combined with an accumulation test) or environmental fate). In such
cases atiered strategy could place the further investigation of aquatic bioaccumulation
with fish in a subsequent step.

It should also be considered whether a standarda quatic invertebratetestis a technically
feasible and cost - effective alternative approach to estimating BCF foraqguatic organisms
If refinementof the BCF is still needed following the performance of such a test, a fish

study may stillbe  required.

It should be noted thatthe ITS does not include requirements to collect invitro or field
data. Theuseof invitro datawill continueto be a case -by - case decision until such time
that these techniques receive regulatory acceptance. Field data might possibly be of
relevance if further information needs to be collected on the biomagnification factor.

Related to this is the need to consider the Koa value for high log K ow substances (see
Section R.7.10.3.4 ).


http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
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Using Weight of Evidence , estimate a BCF based on

available information (see section

R.7.10.3 )

Difficult Substance  ? 1. Characterise the substance.
2. ldentify analogues
3. Evaluate existing testing and non -testing data.
4. Based on available data, estimate a BCF, if possible.
. . ) B-assessment Chemical safety assessment Classification
Special consideration s . )
) Is further no See section R.7.10.3.4 for and labeling
required (see . .
. — refinement — assessment triggers. Is further no Is further I
Appendix R.7.10 - on . .
e E— necessary? (see refinement necessary? (e.g. — refinement
section R.7.10.1 ) the estimated BCF indicates a necessary?
risk , but is likely to be an
yes overestimate) yes no
yes
\ 4
Is aquatic exposure likely (see section R.7.10.4.4 )?
yes
A\ 4
Test needed
A
Is it technically feasible to ma intain a stable concentration in water ?
A
yes no No testing
required i
A A4
record reason

Perform aqueous fish
bioconcentration test (OECD TG
305-1, 305 -1l or equivalent )
ori nvertebrate studies (e.g. HYBIT)

following standard TGs

Perform fish dietary
bioaccumulation test
(OECD TG 305 -1II)

Figure R. 7.10 6 1

ITS for aquatic bioaccumulation
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R.7.10.8 Terrestrial Bioaccumulation

Informationon  substance accumulationinterrestrialorganisms is important for wildlife

and human food chain exposure modelling and PBT assessment as part of the chemical
safetyassessment. This section addresses mainly terrestrial bioaccumulation as input to

the assessment of secondary poisoning. Forassessment of bioaccumulati onin terrestrial

mamma Is and other air -breathing organisms  to address a B or vB concern |, see

R.11.4.12. 8iBi oaccumul aabremathmngiorgani sms and approach
Chapter R.11 0 f the Guidance on IR&CSA

This guidance considers the datathatcanbe gathered from test and non -test methods
for earthworms and plants, since these can be related to a clear strategy and
standardi sed test guidelines.  Further, the accumulation in terrestrial food chains is

addressed briefly.  Information on accumulation in earthworms is used for th e
assessmentof secondary poisoning, and it can also be a factorin decisions on long -term
soil organism toxicity testing. Information on plant uptake is used to estimate

concentrations in human food cropsand fodder for cattle. For substances used in down

the drain products , assessment of indirect exposure of  the soil via sewage sludge is
important

Accumulationin other relevant media (e.qg. transferof a substance from crops to cattle

to milk) is consideredin Chapter R.16 of the GuidanceonIR&CSA whereasaccumulation

in air - breathing speciesis also addressed in Section R.7.10.15 AMammal i an toxicokin
data in bioaccumul atSedion Rdk4sle®.s Bmfe Ghapter R.11 of the

Guidance onIR&CSA describes atieredapproach toassess the bioaccumulation potential

in air breathing species such as terrestrial mammals starting with physicochemical

scr eening criteria atthe lowesttier, the assessment of the biotransformation potential as

refinement of the screening, and invivo testing according to e.g. OECD TG 417 as last

tier .

It is further noted thatthe concept of terrestrial bioaccumulation build s where relevant
on the same one for the aquatic compartment, but the database underpinning the

formeris much smaller. Bioaccumulation assessments inthe terrestrialcompartmentare
more uncertain than similar ones for the aquatic compartment.

R.7.10.8.1 Definitions and m etrics used in terrestrial bioaccumulation

Uptake of a substance by asoil -dwelling organism is a complex process determined by
the properties of both the substance and the soil, the biology of the organism and

climatic factors (UBA, 2003). For risk assessment, this complexity tends to be ignored,
and the process is expressed in terms of simple ratios.

The bioaccumulation fromsoilto terrestrial species is expressed by the bioaccumulation
factor, defined in OECD TG 317 as:

BAF =2
Cs
where BAF is the bioaccumulation factor (dimensionless), C o is the substance
concentrationin the whole organism (mg/kg dry (or wet) weight), C s is the substance

concentration in whole soil (mg/kg dry (or wet) weight). Often the BSAF values
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normalised to the lipid cont ent of the organisms and the organic carbon content of the
soil are used to obtain more informative results.

Alternatively, the concentration inthe organism may be related to the concentration in
soil pore water. The resulting ratio is a bioconcentration factor and is defined as:
Co

BCF —=
C

pw

where BCF is the bioconcentration factor (L/kg), C o isthe substance concentration in the
whole organism (mg/kg wet weight), C pw IS the substance concentration in soil pore
water (mg/L). Measurementof BCF is relevant onlyfor certain cases, whenaccumulation
fromthe porewateris expected to dominate over accumulation from ingestion of soil.

These partition coefficients can be used to estimate the concentration of a substance in
an organism living in contaminated soil

The biomagnification factor (BMF) and the trophic magnificationfactor (TMF)are factors
that are usedto expressthe transfer of a substance in the terrestrial food chain. The
biomagnification  factor is defined as:

Qpredator

BMF
CpOAU

where B MF is the bio magnific ation factor and Cpredar and Cprey are the substance
concentrationin the whole organism (mg/kgwetweight) of a predator and its prey. To
obain comparable results, the BMF is often normali sed to the lipid content of both
predator and prey

The trophic magnification factor is obtained from the slope of the log -transformed
normalised concentrations of organismsin the entire food chain as a function of trophic
level of those organisms. The TMF is calculated as:

TMF p=mt

R.7.10.8.2 Objectiv e of the guidance on t errestrial bioaccumulation

The aim of this document is to provide guidance to registrants on the assessment of all
available data on a substance related to terrestrial bioaccumulation, to allow a decision

to be made on the need for fu rther testing (with earthworms or, where appropriate,
plants).

R.7.10.9 Information requirements for terrestrial bioaccumulation

Dataonterrestrial  bioaccumulation are notexplicitly referredto in REACH as a standard
information requirementin Annexes VII -X,but an exposure assessment for secondary
poisoning and indirect exposure to humans via the environment is a standard element of
the chemical safetyassessment atthe level of 10 t/y or higher , according to Annex | to
the REACH Regulation . The need to perform s  uch an assessment will depend on a)
substance properties  (including PBT/vVPVvB properties) and b) relevant emission and
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exposure (see Chapter R.16 of the Guidance on IR&CSA for more details). If an
assessmentis required, this will involve an estimate o f accumulationin earthworms and
plants.

Section9.3.40f Annex X  to REACH indicates thatfurther information on environmental
fate and behaviour may be needed for substances manufactured or imported in

guantities of 1,000 tly or higher , depending onthe  outcome of the chemical safety
assessment. This may include a test for earthworm and/or plant accumulation.

Furthermore, if aregistrant carrying out the chemicalsafety assessment(  CSA) identifies

in the PBT/vPvB assessment that a definitive conclusion cannot be derived , and the
PBT/vPvBassessment shows that additional information on bioaccumulation is needed

forderiving a conclusion, the necessaryadditionalinformation must be provided by the

registtant . This obligation appl iratens(ee Chaptdr R11pfthed t /y r eqgi
Guidance onIR&CSA forfurther details). In such a case , the only possibility to refrain
fromtesting or generating other necessarasifitnf or mat
isaPBTorvPvB 0 (see Chapt er Guldlantelon R&CSA hfer details).

R.7.10.10 Available information on terrestrial bioaccumulation
Earthworm bioaccumulation test

OECD TG 317 (OECD, 2010) is a standard test guideline for earthworms, which is

applicable to stable neutral organic substances , metallo -organics, m etals, and other

trace elements . In principle, worms (e.g. Eisenia fetida ) are exposed to the test

substance in a well -defined artificial soil substrate or natural soil at a single test

concentrationthat is showntobenon -t oxi ¢ t o t he wor ms(eartAwformg)r 21 day
or14 days 0(enchytraeids) exposure, the worms are transferred to a clean soil for a

further 21 days (earthworms) or 14 days (enchytraeids) . In both the uptake and

elimination phases the concentration of the test substancein the worms is monitored at

several time points.

When steady state is reached, the steady state bio accumulation factor (BAF &) is
calculated, while the kinetic bioaccumulationfactor (BAF k)is calculated from the uptake
and depuration rate constants.

The biota -soil accumulation factor (BSAF) is the lipid -normalised concentration of the

test substance in/on the test organism di vided by the organic carbon  -normalised
concentrationof the testsubstancein the soil at steady state. Toensurecomparability of
results between different soils, BSAF normalised to organism lipid and s oil total organic

carboncontent is used. This is particularly important for organic substances with high
lipophilicity (OECD, 2010) .

It should be noted that the term biota -soil accumulationfactor (BSAF) has been used in

the literature to refer to bioaccumulationfactorsins oil which have not been norm  alised
to organism lipid and soil total organic carboncontent. Careshould be takento ensure it

is clear what the reported value refers to.

The contribution of the gut contents to the total amount of substance accumulated by
the wormsmay be significant, especially for substances that are not easily taken up in
tissues but strongly adsorbto soil. The worms are therefore allowed to defecate before
analysis, which gives more information on the real uptake of the substance (although
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trace amounts sorbedto soil may still remainin the worms even after defecation). This
is to obtain a measure of real uptake of the substance by the worms, which is important

for a bioaccumulation assessement. However, if secondary poisoning is considered

worms are ingested with gutcontent and this should be accounted for in the exposure
assessment . Forthe secondary poisoning assessment, it should be considered whether

the testconcentration used in the study was environmentally relevant. If a higher test
concentrationwasused ,itmaybeover -conservative to use the BSAF which includes the
gut contents with contaminated soil.

This is especially important for worms sampled during the uptake phase, which have
contaminated soil as gut contents. As soon as the contaminated gut con tents are
replaced by clean soil in the depuration phase, defecationis no longer necessary before
chemicalanalysis (inthat case, the weight of the gut contents is estimated to account

for dilution of the test item concentration by uncontaminated soil).

ASTME1676 -04describes a similar method for bioaccumulation testing with the annelids
Eisenia fetida and Enchytraeus albidus over periods up to 42 days (ASTM, 2004).

Relevantdata mightalso be available from field studies or earthworm toxicity studies

(e.q.if tissue concentrations are measured). The suitability of data derived from such
studies to provide meaningful information on
has to be assessed on a case -hy-case basis.

(Q)SAR models for earthworms

The model of Jager (1998) is recommended as a reasonable worst case for an initial
assessmentof the earthworm bioconcentration factor,and provides a description of this

tool. The only input term required is the octanol -water partitoncoe  fficient(K ow), and an
applicationrange of logK  ow 0-8is advised. Itwasdevelopedf rom a data set containing
chlorobenzenes, pesticides , PCBs, PAHs, and chlorophenols. The model is limited to
mostly neutral organic compounds and does not explicitly consider biomagnification or
biotransformation . With due consideration it may be applicable to certain ionisable

organics . Due to the narrow range of chemical groups within the model, it should be
recognised that the model predictions have some limitations

In caseswherethe K o is not a good indicator of bioconcentration (e.g. for ionic organic
substances, metals or other substances that do not preferentially partition to lipids),

either an alternative modelforthat specific substance or class of substances should be
used, or an empirical BCF estimated from structural analogues. For example, Smit et al.
(2000) provide a review of different equations for a limited number of metals.

Comparison  of earthworms with benthic organisms

Theresults of b ioaccumulation tests with suitable sediment -dwelling invertebrate species
(e.g. the oligochaete Lumbriculus variegatus ) may provide useful comparative
information that can be used in a Weight -of-Evidence approach, if available. Further
informationonthis  testis given in the aguatic accumulation chapter. However, cautionis
warranted as a thorough comparison of bioaccumulation data for terrestrial and benthic

species is currently lacking.
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Terrestrial plants

Plants and crops can be contaminated by the tran sfer of substances from:
1 sail (including solids and pore water) via the roots and translocation,
i air via the gas phase or particle deposition, and
9 sail particles that splatter and stick on the foliage.

The needto assessthese routesis determinedby the approach adoptedforthe chemical
safety assessment (see Chapter R.16 of the Guidance on IR&CSA ).

Plant uptake test

Currently, no standardi  sed test guidelines are specifically designed to develop
bioaccumulation metrics (e.qg., BCF,BAF) in plants (Gobas et al. , 2016 ; Doucette etal. ,
2018). For simplicity in the discussion that follow s, the term BAF will be used as a
surrogateto representall potential measures of bioaccumulation that have been used

with plants.

A guideline thataddress es plant uptake, translocation, and metabolism of substances
(e.g. US-EPA 2012) could provide data u seful in determining whether a substance
accumulates in plants. The USEPA test guideline (2012) OCSPP 850.4800 outlines
procedures for conducting a mass balance study of the distribution of a substance in
environmental matrices and different components of the plant under root or foliar

exposure for use in determining human and livestock food safety. Although these

guidelines were not specifically designed to assess bioaccumulation in plants, they do
evaluate the ability of pesticides to be taken up by and translocate throughout plants,
using a maximum exposure scenario, or characteri se metabolic or degradation pathways
to identify residues of concern.

The data collected could allow for the calculation of a bioaccumulation metric(s) based

on the ratio of th e concentration of the substance in the plant relative to the
concentrationin the relevant environmental matrices , provided steady -state conditions
are approximated . During the conducting of the test, the method of exposure (i.e.

spraying, dusting, biosol ids-amended soil, soil spiking), route of exposure (i.e. leaf

and/or root), quantification of exposure, and characteristics of plant growth matrices

would need to be considered carefully for the determination of a realistic

bioaccumulation metric.

The guideline permits exposure viafoliage as well as roots (and consequently provides

advice on how to handle gaseous and volatile substances). Three test concentrationsare
recommended, with the number of replicates depending on the method of chemical

analysis (fewerbeing required if radioanalysis is used). The test duration and number of

plants selected are not specified, but should provide sufficient biomass for chemical

analysis. Several species are suggested, including food crops and perennial ryegra Ss.

In principle, in case the test substance concentrations are measured in the
environmental matrices, the collected data could allow for the calculation of a
bioaccumulation metric(s). In order forthis metric to be realistic, the method, route and
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guan tification of exposureas wellas characteristics of plant growth matrices have to be
considered carefully.

Relevantdata mightalso be available from non -guideline studies, field studies or plant
toxicity studies (e.qg. if tissue concentrations are measure d), as well as from guideline
toxicity studies with terrestrial plants, forwhich additional chemical analysis inthe plants

has been performed, e.g. accordingto OECD TG 208 (OECD, 2006)

(Q)SAR models for plants

Severalmodels are possibly useful for est imating substance accumulation in plants . A
review of these models has been made. The validation of allmodels is hampered by the
lack of experimental standardised data in plants (Gobas etal. , 2016).

For most of the models, the only input requiredis the Kow, but additional simple physico -
chemical properties (e.g. molecular weight, vapour pressure and water solubility) are
neededforsome. As discussedin Gobas etal. (2016) and elsewhere (Doucette etal. ,

2018) , the applicability domain of the current plant models may be limited due to
insufficienttestdataforabroad range of chemistry (i.e. range of K ow, pKa, MW) and
non - standardisedtesting . Plantuptake models arealso discussed by Legind and Trapp,

2009 and Trapp, 2015.

Biomagnification in the terre strial food chain

The defaultterrestrial food chain for secondary poisoning assessmentis defined as soil -
earthworm - earthworm eating bird/mammals ( See Section R.16.6.7.2 in Chapter R.16
of the Guidance on IR&CSA ).

Similar ly to the aquatic food chain, inthe terrestrial food chain , accumulation in higher
trophic levels may  occur as well, where small birds and mammals serve as prey for
terrestrial predators, such as raptors and mustelids (Jongbloed etal. , 1994, Armitage
and Gobas , 2007). This would lead to a default example terrest rial food chain that is
defined as:

soil Y earthworm/plant Y worm or plant -eating birds or mammal Y predator

Usually, to assess this type of information , modelling data are available that assess the
accumulationin birds and mammals in the terrestrial en vironment. Furthermore, field
data and/ or toxicokinetic datain mammalsmay be available and should be addressed.

More information on the interpretation of field data , modelling data  and toxicokinetic
data is given below.

QSAR s for terrestrial food chain

Several models exist to estimate the biomagnification in terrestrial avian and
mammalian species and food webs. Models have been developed for neutral, nonionic

substances undergoing passive transport. These models are basedonthe Kow and Koa of
the substance .Depend ing onthe food web modelled, substances have the potential to
biomagnify if the log Koa > ~5 -6 in combination with a log Kow > ~2. Models for

ionogenic substances and substances that are not accumulating by hydrophobic
partitioni ngare lacking. There is further need to develop estimation methods for the rate
of biotransformation and dietary assimilation efficiencies for all levels of the terrestrial
food web (Gobas etal. , 2016).
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Guidance on assessing the bioaccumulation potentia l'in air -breathing species such as
terrestrialmammalsis describedin SectionR.11.4.1.2.8 of Chapter R.11of the  Guidance

on IR&CSA . Adetailedd iscussion of the scientific background and recommendations for
future work is provided in the discussion paper fiBioaccumulation assessment of air -
breathing mammals o (ECHA Working group on Toxicokinetics , 2022) available at the
ECHA website .

Toxicokinetic data

Toxicokinetic stud ies in air -breathing organisms may provide useful information on
bioaccumulation in particular for substances with a combination of logK ow >2and log K oa
>5. For further information, see Section R.7.10.15 , Section R.7.12 and Section
R.11.4.1.2. 8 of the Chapter R.7 and R.11 respectively of the Guidance on IR&CSA

R.7.10.11 Evaluation of avai lable information on terrestrial
bioaccumulation

Testdataont errestrial bioaccumulation

Experience with the evaluation of specffic earthworm and plant bioaccumulation tests is

limited, since they are rarely requested for industrialand consumer chemicals . Jager et
al. (2005) provide some information on earthworm bioassays. Data obtained using
standard methods are preferred. Non - guideline studies in particular needto be evaluated

with care. Factorsto  be consider ed in general include:

1 Where possible,the  exposureduration should be sufficient to enable steady
stateto be achieved ,inparticular for highly hydrophobic substances (e.g. log
Kow >6) . However, for mostroot crops, and most hydrophobic compounds, it
may take much longer than the growth period to reach steady state. In such
cases, crops should be monitored over their entire growing season.

1 Thetest concentration should be ecologically relevant and should not cause
significanttoxic effectsonthe organism , while it also needs to be above the
limit s of quantification

9 Tissue sampling for plants should be relevant forthe substance of interest (in
terms of its expected distributionin root, foliage, etc.), and the requirement
of the exposure assessment (e.g. vegetables should be considered whole
rath er than peeled, etc.).

9 If plant rootis the tissue of interest, there are severalfactors to consider. Pot
sizes should not restrict root development. The test species should be a
relevantfood crop with a lipid -rich surface layer.  The surface area -volume
ratio may be important (i.e. is the surface arealarge inrelationto the volume
of the root?) The use of fast -growing miniature varieties may lead to bias,
since transfer fromthe peelto the core of the roottends to be a slow process
(Trapp, 2002).

1 Sometimesplants are grown hydroponically to allow for simplifieduptake and
elimination phase logistics. However, this is not an environmentally relevant

mode of exposure anda substance 6s ability to bioaccumul at e
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significantly as compared  with a natural growth substrate (Hoke etal. , 201 6;
Karnjanapiboonwong et al. , 2011).

In addition to organic carbon content, pH and soil texture are additional
parameters that have been shown to cause variability in bioaccumulation in
plants. Assuch,the se have to be takeninto account when selecting the type
and number of test soils (Hoke etal. , 201 6).

Bioaccumulation also variesacross plant species (Huelster etal. , 1994) and
plant cultivars (Inui et al. , 2008).

It is important to ensure that the organism is cleaned and (for worms)

allowed to void its gut contents prior to analysis (since small amounts of

retained contaminated soil could give false results). The inclusion of a
elimination phase with clean soil as prescribed in OECD TG 317 willhelp to
assess the influence of gut content on the organism & concentration.

Analyticalmethods should be sensitive enough to detect the substance in both

the soil and the organism tissue, and may requireradiolabelled substances. It
should be noted that radio  analysis does not by itself give information about
the amountof intact  substance withinthe organism, and preferably it should
be supported by parent compound analysis so that the contribution of
metabolites can be assessed.

Whole soil tests tend to provi de a BSAF, which is not very informative as
indicator of bioaccumulation potential since it also reflects sorption behaviour.

A better indicator would be the BCF based on the freely dissolved

(bioavailable) soilpore water concentration. Ideally, this shou Id be done using
directanalyticalmeasurement (which may involve sampling devices such as
SPMEfibres (Vander Wal et al. , 2004)). If no analytical data are available,

the pore water concentration may be estimated using suitable partition

coefficients, al though it should be noted that this might introduce additional
uncertainty to the result.

The data may need to be transformed for use in a standardi sed way in the
exposure assessment. For example:

- Where possible, accumulation data should be normalisedto t he default
lipid content of the organism. If lipid is not expected to play an
importantrole in partitioning behaviour, such normalisation might not
be appropriate. If applicable a differentkind of nor m alisation could be
considered (e.g. on dry weight or protein content).

- If dataare available regarding the variation in accumulation with soil
type, etc., this should be described. If the organic carbon content of
the testsoil differs fromthe default soilused to derive the PEC (e.qg. if
the soil has been a mended with sewage sludge), data should be
normalised to the default organic matter/carbon content , if valid . This
is relevantforneutral organic compounds; formetals and ionic or polar
organic substances, soil parameters other than organic carbon may be
more important  and the validity of normalisation should be
investigated first
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In the case of worms, the totalamount of the substance presentin the worm (i.e. tissue

plus gut contents) is still a relevant parameter for secondary poisoning, because a

pr edator willconsume the whole worm. The fraction of the substance that is sorbed to

the gut content can be estimated by assuming a fixed weight percentage of the gut

content . The fraction of the gut content is by default set to 0.1 kg dry weight soil /KQ wet weight
wom (Jager etal. , 2003; Jager, 2004).

An ILSI/HESI terrestrial bioaccumulation workshop was held in January 2013 and a
publication by Hoke etal. (2016) presents a review of the application of laboratory -
based approaches for terrestrial bioaccumu lation assessment of organic substances .

Evaluation of toxicokinetic data for the purpose of bioaccumulation assessment is further
explained in Section  R.7.10.15 and Section R.7.12 .

Non -testing data on terrestrial bioaccumulation

The use of QSA Rs will be mainly determined by the guidance for the chemical safety
assessmentas describedby the report on exposuretools, which provides an evaluation

of the recommended models, including their applicability domain. If a substance is

outside of theapp licability domain, then the results should be used with caution in the
assessment. The use of any model should be justified on a case -by - case basis.

The 2013 ILSI/HESI terrestrial bioaccumulation workshop resulted in a publication by
Gobas etal. (2016) wh ichpresentsa review of the current terrestrial bioaccumulation
models and their merits and limitations. In this review models for accumulation in
terrestrialfoodchains are presented next to the above mentioned models for terrestrial
invertebrates and p  lants. It should be noted that also the models for assessing

accumulationthroughthe terrestrialfood chain are mainly restricted to neutral, nonionic
organic substances .Inadditonto  Kqw another important physico -chemical property for
terrestrial bioaccumulation in air -breathing organisms is the octanol -air partition

coefficient ( Koa).

General guidance on read -across and categories is provided in the section on aquatic
bio accumulation (see  Section R.7.10.3.2 ).

R.7.10.11.1 Field data

General guidance forthe evaluation of data from field studies is provided in the section
on aquatic bioaccumulation (see  Section R.7.10.3.3 ) andin Section R.11.4.1.2 of the
Guidance on IR&CSA . The exposure scenario for the chemical sa fety assessment
considers spreading of sewage sludge to land over a 10 -year period, and consequently
the exposure history of the soil should be described. Some of the factors described in

Section R.7.10.4.3 are also relevant.

As noted previously, a terrestrial bioaccumulation workshopwas sponsored by ILSI/HESI

in 2013 and a publication by van den Brink et al. (2016) discusses the use of field
studies to examine the potential bioaccumulation of substances interrestrial organis ms.
In this review a comparison with aquatic bioaccumulationis made. The differences with

the aquatic environment and the special points of attention for the terrestrial

environmentwith regard to the derivation and use of experimentally derived endpoints

from field data are highlighted.
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R.7.10.11.2  Exposure considerations for terrestrial bioaccumulation

An assessment of secondary poisoning or human exposure via the environmentis part of
the chemical safety assessment. Triggering conditions are provided in Chapter R .16 of
the Guidance on IR&CSA

R.7.10.12 Conclusions for terrestrial bioaccumulation

Thereis ah ierarchy of preferreddata sources to describe the potential of a substance to
bioaccumulate in terrestrial species for the assessment of secondary poisoning , as
follows:

1 In general, reliable measured BCF data on the substance itself in terrestrial
plants or earthworms  areconsidered as having the biggestweight among the
differentdatatypes  onbioaccumulation .Itshould be notedthat e xperimental
data on highly lipophilic substances (e.g. with log K ow above 6) will have a
much higherle vel of uncertaintythan BCF values determinedforless lipophilic
substances. A BSAF might be an alternative measure.

I Nextin order of preference comes reliable measured BCF data from the
sedimentworm Lumbriculus variegatus  as a surrogate for earthworm data.
Although differences are not expected to be large in principle, comparative
informationis lacking. Read  -across on BCF data from a sediment organism to
a terrestrial organism should therefore be made on a case -by - case ba sis,
taking account of any differences in organic carbon and pore water contents
between sediment and soil.

9 Field data mightalso be usefulatthis stage as partof a Weight -of-Evidence
argument (theserequire careful evaluation and will not be available f or the
majority of substances). Apartfrom field data on accumulation in terrestrial
plants and invertebrates also data on biomagnification in terrestrial food
chains should be taken into account.

9 Toxicokinetic data may also be utilised, case -by -case, int he bioaccumulation
assessmentand should be addressed inthe assessmentwhen accumulationin
air - breathing organisms is likely to be more pronounced than in water
breathing organisms. See further details in Section s R.7.10.15 and
R.11.4.1.2. 8 of the Chapter R.7 and R.11 respectively of the Guidance on
IR&CSA ..

I The nextline of evidence  concerns data from non -testing methods.

9 Other lines of evidence  concern indications and rules based on physico -
chemical properties. Nevertheless, the log K ow is a useful screening tool for
many substances, and it is generally assumed that non -ionised organic
substances with alog  Kow below 3 (log Kow below 4 for  aquatic chronic
classification categories ) are notsignificantly bioaccumulative for the aquatic
environment . Nosuchtriggers canbe givenfor the terrestrialenvironment. In
additition, log  Koa >5is a usefultrigger to assess whether biomagnification in
the terrestrial food chain might occur


http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment

Chapter R.7c: Endpoint specific guidance

90 Version 4.0 i December 20 23
In principle, the available information fromtesting and non -testing approaches, together
with other indications such as physico -chemical properties, must be integrated to reach a

conclusion tha tis fit for the regulatory purpose regarding the bioaccumulation of a
substance. A scheme is presented inthe reportforaquatic accumulation, and the broad
principles are the same for terrestrial species. In summary:

1 Make a preliminary analysis of bioacc umulation potential based on the
structure and physico -chemical properties of the substance, as well as
information about its degradation products in the environment . It may be
possible at this stage to decide that the substance is unlikely to be
significa ntly bioaccumulat ed.

1 Evaluate any existing  invivo data, including field data if available.

1 Identify possible analogues, as part of a group approach if relevant.

1 Evaluate non -testingdata (e.g. QSARS, including whether Kow and Kow-based
models are relevant, and read -across, etc.).

1 Weighthe differenttypes of evidence and examine whether it is possible to
reach a conclusion on terrestrial bioaccumulation. Difficulties in reaching a
conclusiononthe BAF, and/orBMF mayindicate the needfor further testing.

If different data  sources do not provide a coherent picture of  the
bioaccumulation potential of asubstance, thereasons for such inconsistency
should be addressed.

It should be noted thatif a substance has a measuredfish BCF thatis significan tly lower
than predicted by QSAR, it cannot be concluded that the earthworm BCF will also be

lower than the predicted fish value. This is because biotransformation processes in
particular are more extensive infish than earthworms (few compounds are apprec iably
biotransformed by earthworms ).

R.7.10.12.1  Concluding on suitability for Classification and Labelling

Data on accumulation in earthworms and plants are not used for classification and
labelling.

R.7.10.12.2  Concluding on suitability for PBT/vPvB assessment

Forjudgingth e suitability of the informationfor PBTAVPvB assessment, see guidance in
Chapter R.11 of the Guidance on IR&CSA

R.7.10.12.3  Concluding on suitability for use in Chemical Safety
Assessment

In general, predicted  BSAF (or porewater BCF)andBMF values (whetherfrom QSAR or
read - across)canbe used for the initial assessment of secondary poisoning and human
dietary exposure. If a prediction is not possible, measured BSAF (e.g. OECD TG 317)
data will be necessary at the 1,000 t/y level.
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R.7.10.13 Integrated testing strategy (ITS) for terrestrial
bioaccumulation

R.7.10.13.1  Objective / General principles

The objective of the  testing strategy is to provide information on terrestrial

bioaccumulation in the mostefficient manner so that costs are minimised. In general,

testdata will only be needed at the 1,000 tly level, if the chemical safety assessment

identifies the need for further terrestrial bioaccumulation information. Furthermore,

collection and/or generation of additional terrestrial bioaccumulation data are required

forthe PBT/vPvBassessment in all cases where aregistrantcarrying outthe CSA cannot

derive a definitive conclusion based on aquatic accumulation data , either (i) (ATH
substance does not fulfil the PBT and vPvB criteri:
PBT or vPvB cr it evPvBaségssmem, andthePBPVWPRWBassessmentshows

that additional information on terrestrial bioaccumulation would be needed for deriving

one of these two conclusions. This obligat(seen appli

Chapter R.11 of the Guidance on IR&CSA for further details).

R.7.10.13.2  Preliminary considerations

If predicted BSAF andBMF valuesind icate potential risks for either wildlife or humans,
the need for further terrestrial bioaccumulation testing should be considered as part of
an overall strategy to refine the PEC with better data, including:

1 more realistic release information  (including risk management
considerations);

1 other fate -related parameters such as determination of more reliable soil
partition coefficients (which may allow a better estimate of the soil pore water
concentration) or  degradation half -life .

These data might  also be needed to clarify risks for other compartments, and a
sensitivity analysis may help to identify the most relevant data to collect first.

In addition, if further sediment organism bioaccumulationor soil organism toxicity tests
are required, it may be possible to gather relevant data from those studies.

Depending onthe magnitude of the risk ratio and the uncertainty in the effects data, it
might also be appropriatein some circumstances to derive a morerealistic NOAEL value
fromalong -termfeedin gstudy withlaboratory mammals or birds, although this would
not usually be the preferred option.

R.7.10.13.3  Testing strategy for terrestrial bioaccumulation

In general, the  octanol -air partition coefficient (  Koa) and octanol -water partition
coefficient (K ow)canb eusedas theinitial input for terrestrial bioaccumulation models at
a screening level for most neutral organic substances.

If the substance is outside the domain of the models, and a BSAF and BMF cannot be
established by other methods (such as analogueread -across orderivedfromfield data ),
atestmay be needed at the 1,000 t/y level. Similarly, if a risk is identified that is not

refinable with other information, a test will usually be necessar y.
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Standard test guideline studies are preferred. The choice of test will depend on the

scenario that leads to a risk, and the test species should reflect the specific route of

uptake that may be expected from the properties of the individual substance und er
consideration. For example, where a model predicts the highest concentration to be in

roots, the test species would be a relevant food crop.

Field monitoring might be an alternative or supplementary course of actionto laboratory
testing in special case s, especially for more hydrophobic substances that may take a
long time to reach steady state. This will notbe a routine consideration, because of the
difficulty in finding soils that may have had an adequate exposure history.
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R.7.10.15 Mammalian toxicokinetic data in bioaccumulation
assessment
Mammalian toxicokinetic studies may provide usefulinformationina Weight - of -Evidence

approach for bioaccu mulation assessment. Metrics to consider include:
I metabolic capacity/ rate constants

9 affinity for lipid or blood -rich tissues, which could include the volume of
distribution,V o (a parameter that quantifies the distribution of a substance
throughout the body afteroraldosing; it is defined as the volume in which a
substance would need to be homogeneously distributed to produce an

observedblood concentration. If there is signifi cant distribution into lipids the
Vp will be increased (although this may also be caused by renal and liver
failure).
1 the timetakento reachasteady - state (plateau) concentrationin tissues, and
1 uptake efficiency and clearance, and elimination rates/half -lives.
Standardisedtestmethods(e.g. OECD TG 417 Toxicokinetics) are not widely used for
deriving toxicokinetic data and therefore particular attention needs to be paid in the
evaluation of such data to the sources of variation and their impact on the r esults.

Physiologically -based pharmacokinetic/toxicokinetic models (PBPK/PBTK) may supportor
expand the understanding of the toxicokinetic behaviour of a substance and their use

should be considered, where a model applicable for the substance is availabl e. For
furtherinformation, see the IPCS/WHO project document on the PBPK models in risk
assessment (2010).

Principles presentedin OECD TG 417 Toxicokinetics should be as far as possible applied
where relevant . When using elimination information the foll owing aspects should be
addressed as minimum:

1 Species, age and gender of a test subject. Elimination rates/half -lives can vary
between age and gender causing the need for half -life values to be determined
for subgroups in the same species (Ng and Hungerbu hler, 2014).

1 Sample type. Conventional practiceto retrieve elimination data is to measure the
concentrationof a substanceinserum, plasma or whole blood. In addition, urine,
faeces, varioustissue and organ specific data, and combination of such samples
are frequently available.

9 Study approach. Tests are usually conducted either using experimental (e.qg.
laboratory animaltests) or observational (e.g. human biomonitoring) approaches.

1 Exposure aspectsand dosing scheme. Exposure route(s), level, duration (short
term/long term) and dosing scheme (single, episodic or continuous) should be
addressed to define the overall scenario of a study. Results from studies
conducted using ongoing exp  osure (intentional or unintentional) and single or
repeated doses should all be reported and interpreted in a diff erentiating manner.
Biomonitoring studies without or with only very limited and/or uncertain exposure
information might call for estimation of likely exposure levels, routes,
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duration/frequency and may due to high uncertainty not be particular useful as a

single decision element in bioaccumulation assessments. A prerequisite for

calculation of an elimination half -life is that the elimination pat tern is shown to
obey first -order kinetics or at least not deviate significantly from first order

kinetics (pseudo -first - order kinetics). In case an elimination rate has been

obtained from a study where exposure cannot be excluded, presentation of

eliminat ion half -lives needs to be coupled with explanation of the influence of
continuing exposureto the results and a justification of why it can be assumed

that the elimination follows (approximately) first -order Kinetics.

91 Descriptors of elimination half -life. The terminology used in the currently
available studies is unfortunately not fully standardised. Applied toxicokinetic
models and terminology (e.g.description of what is meant in a particular study
by dAHalffeo, fapparfeendt ohralffi-nitfréeasi shbald be repo
detail. For the appropriate use of terminology, see Nordberg etal. , (2004 ).

1 Analytical methods for detection and quantification (including sampling and
extraction methods when relevant) of the substance concerned. Indicate whe ther
directdetection or indirect detection by means of isotopic labels (e.g. radiocarbon
C-14) was used. Report statistical methodsapplied for data analysis. Elimination
half -lives are usually presented as arithmetic or geometric means, medians or
ranges . All reported values, including the ranges, should be presented.

Guidance on assessing the bioaccumulation potential in air -breathing species such as
terrestrialmammalsis describedin SectionR.11.4.1.2.8 of Chapter R.11of the  Guidance
on IR&CSA .Adetailedd iscussion of the scientific background and recommendations for

future work is provided in the discussion paper fiBioaccumulation assessment of air -
breathing mammals o (ECHA Working group on Toxicokinetics , 2022) available at the
ECHA website .



http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
https://echa.europa.eu/documents/10162/17228/bioaccumulation_assessment_of_air_breathing_mammals_en.pdf/56de6276-06e9-9eed-a7dd-a75336fda71b?t=1669388928484
https://echa.europa.eu/documents/10162/17228/bioaccumulation_assessment_of_air_breathing_mammals_en.pdf/56de6276-06e9-9eed-a7dd-a75336fda71b?t=1669388928484
https://echa.europa.eu/management-of-pbt-vpvb-substances
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R.7.10.16 Avian Toxicity

Informationon (long  -term) avian toxicity only needs to be considered for substances
supplied at 1,000 t/y or more (Section 9.6.1 of Annex X to REACH) . The dataare usedto
assess the secondary  poisoning risks to predators following chronic exposure to a
substance via the fish and earthworm food chains 9. Given that mammalian toxicity is
considered in detail for human health protection, the need for additional data for birds

must be considered ve ry carefully T new tests are a last resort in the data collection
process. However, birds are fundamentally different frommammals in certain aspects of

their physiology (e.g. the control of sexual differentiation, egg laying, etc.), and so
mammalian toxic ity data are of limited predictive value for birds. This document
describes how to assess information that already exists, and the considerations that

might trigger new testing with birds.

It should be emphasised that there is a marked lack of relevant dat a available for
industrial and consumer chemicals , and further research could be performed to:

9 establish relative sensitivities of birds and mammals following chronic
exposures,

1 establishthe validity of read -across arguments between structurally related
substances,

9 investigate invitro approachesforbirds ;forinstance,Balland Lavado (2021)
examin ed the use, limitations, and published applications of avian cell -based
models in an ecotoxicological contextto understand the current state of these
models, and

1 identify structural alerts for chronic avian toxicity.
The guidance should therefore be reviewed as more experience is gained.

Readers should also refer to guidance related to the mammalian toxicokinetics (see

Section R.7.12), repeated dose toxicity (see Section R.7.5 in Chapter R.7a of the
Guidance onIR&CSA ) andreproductive toxicity (see SectionR.7.6 in Chapter R.7a of the
Guidance on IR&CSA ) endpoints for further relevant information.

R.7.10.16.1  Definition of avian toxi city

The aim of an aviantoxicity testis to provide data onthe nature, magnitude, frequency
and temporal pattern of effectsresulting from a defined exposure regime (Hart etal. ,
2001). The three standard avian tests typically measure:

1 lethaland delayed effects of short -term oral exposures (lasting minutes to
hours, representing gorging behaviour, diurnal peaks in feeding (e.g. dawn
and dusk) and products which depurate or dissipate very rapidly);

9 Inhalation te  sts with birds are not considered necessary for industrial and consumer chemicals, since outdoor
air concentrations are unlikely to exceed limits that will be set to protect human health (and other vertebrates
by assumption). Dermal toxicity tests do not n eed to be considered for similar reasons.


http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
http://echa.europa.eu/web/guest/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
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1 lethal effects of medium  -term dietary exposures (lasting hours to days
representing scenarioswith relatively high exposures over several days ); or
1 chroniclethaland reproductive effectsof long -termdietary exposures (lasting

up to 20 weeks).
Exposures are expressed in terms of either a:

1 concentration of the substance in the food consumed by the birds (e.qg.
miligrams (mg) of test substance per kilogram (kg) of food 10, or

9 dose expressed relative to body weight (e.g. mg test substance/kg body
weight (per day, if more than a single exposure ).

The main results from an avian toxicity study include:

9 the limit dose at which no mortality occurs (LD 0);
1 amedianlethal dose or concentration, at which 50% of birds die (LD(C) 50);
T a 6no observed effectd | evspecified yge ocelr,ioceh no ef f e

concentrationatwhich either a defined level of effectis seen in x% of tested
individuals, or an average deviation of x% is seen when compared to the
untreated control (EC  ); and

1 a statement of the type and frequency of effects observed in a specified
exposure scenario (e.g. in a field study).

Other types of information mayinclude the slope of a dose -response relationship, 95%
confidence limits for the median lethalleveland/or slope, and the time at which effects
appear.

R.7.10.16.2  Obj ective of the guidance on avian toxicity

Avian toxicity data are used in the assessment of secondary poisoning 1 risks for the
aqguatic and terrestrialfood chains in the CSA. In the context of PBT/vPvB assessment
(see Section R.7.10.20 ), aviantoxicity data cannot be directly (numerically) compared
with the T criterion (see Section 1.1.3 of AnnexXIll to REACH). However, reprotoxicity
studies or other chronic data on birds, if they exist, should be used in conju nction with
other evidence of toxicity as part of a weight -of -evidence determination to conclude on
substance toxicity (a NOEC ¢ 30 mg/kg food in a long term bird study should i n this
context be considered as a strong indicator of fulfiment of the T criterion) .

10 Ynits of mg/kg may also be expressed as parts per million (ppm).

1 Secondary poisoning concerns the potential toxic impact of a substance on a predatory bird or mammal

following ingestion of prey items (i.e. fish and earthworms) that contain the substance. Accumulation of
substances through the food chain may follow many different pathways along different trophic levels. This
assessment is required for substances for which there is an indication for bioaccumu lation pot ential ( Appendix

R.7.10 -3).
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R.7.10.17 Information requirements for avian toxicity
Annex X to REACH indicates that information on long -term or reproductive toxicity to
birds should be consideredforall subst ances manufactured or imported in quantities of
1,000t/y ormore. Since this endpointconcerns vertebrate testing, Annex Xl to REACH
also applies, encouraging the use of alternative information. Although not listed in
column 2 of Annex X  to REACH, there a re also exposure considerations (see Section
R.7.10.19.4 ).

Although not specified at lower tonnages, existing data may be available for some
substances. Theseare mostfrequently fromacute studies, and this document provides
guidance on their interpretation and use. Nevertheless, data from long -term dietary
studies are the most relevant because:

1 Few(if any) scenarios arelikely to lead to ac ute poisoningr isksfor birds, and

9 Evidence from pesticides suggests that chronic effects cannot be reliably
extrapolated or inferred from acute toxicity data (Sell, undated).

PBT/vPVvB assessment:

In the context of the PBT/vPvB assessment, if the registra nt cannot derive a definitive
conclusion (i) (AThe substance does not ful fi
substance fulfils the PBT or vPvB criteriao)
relevant available information, he must, based on Secti on 2.1 of Annex XlIl to REACH,
generate the necessaryinformation, regardless of his tonnage band (for further details,

see Chapter R.11 of the Guidance on IR&CSA ).

The general presumptionis that avian toxicity testing will not normally be necessary. At
the same time, caremustbe taken not to underestimate the potential hazard to birds.
New studies should only be proposed following careful consideration of all the available
evidence.

R.7.10.18 Available information on avian toxicity

The following sections summarise the types of data that may be available from
laboratory test s.

Aviantoxicity tests are ofte ncarried outforsubstanceswith intentional biological activity
as a result of regulatory approval requirements (especially active substances used in
plant protection products, but also veterinary medicines and biocides). They are rarely
performedfo rmo stothersubstances. Although REACH does notapply to such products,
they are relevant in this context as a source of analogue data.

There are currently no European databases for pesticides, biocides or veterinary

medicines, although some areindevelo pment(e.g.the  Statistical Evaluationof available
Ecotoxicology data on plant protection productsand their Metabolites (SEEM) database).
Current pesticide data sources include:

9 the British Crop Protection Council Pesticide Manual (BCPC, 2003),

1 the GermanFederal BiologicalResearch Centre for Agriculture and Forestry
(BBA) database ( http://www.bba.de/english/bbaeng.htm ),



http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-assessment
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1 the Agence nationale de sécurité sanitaire de | 6alimentation, de
| 6envir onebdumavailt (Anses) AGRITOX database
(http://www.agritox.anses.fr/index2.php ),
9 the footprint database (  http://sitem.herts.ac.uk/aeru/iupac/ , and
1 several US -EPA databases ( http://www.epa.gov/pesticides/ )

Generalsea rchesmightretrievedocumentsfromregulatory agencies or the EXTOXNET
project (a co -operative project by the University of California - Davis, Oregon State
University, Michigan State University, Cornell University, and the University of Idaho,
http://extoxnet.orst.edu/ ). Finally, IUCLID contains unvalidated data sheets for high
production volume substances, a few of which might include data on avian toxicity
(http://esis.jrc.ec.europa.eu/ ).

R.7.10.18.1 Laboratory data on avian toxicity
Testing data on avian toxicity

In vitro _data

No specific avian invitro methods are currently available or under developmen t. A
numberof invitro tests for assessing embryotoxic potential and endocrine disrupting
properties inmammals have become available inrecentyears, and these are discussed

in the specific guidance onreproductive and developmentaltoxicity (see Section R.7.6).

In vivo data

Table R.7.10 6 4 summarisesthe main existing test methods, as well as those proposed

as draft OECD testguidelines. The guidelines for all three principal avian tests T acute,
dietary and reproduction T are currently under review. Further details can be found in a
Detailed Review Paper for Avian Two Generation Tests (OECD 2006a). It should be noted
that acute tests will not be relevant to exposure scenarios normally considered for

industrial and consumer chemicals, but they are included since the data might already

be available for some substances.

A number of reviewsof avian toxicity testing issues have been produced over the last
decade, andthese should be consulted if further details are required. A Ilhave a pesticide
focus.Th emostup -to-datereviewsareHart etal. (2001), Mineau (2005), Bennett et al.
(2005) and Bennett  and Etterson (2006). Other useful sources of in formation include
US-EPA (1982a, 1982b and 1982c), SETAC (1995), OECD (1996), EC (2002a and 2002b)
and EPPO (2003).

Non -guideline toxicity studies may be encountered occasionally (e.g. egg exposure

studies involving either injection or dipping). Such studi es can be difficult to interpret
due tothe lack of standardised and calibrated response variables with whichto compare

the results. In addition, the exposure route will usually be of limited relevance to the
dietary exposure route considered in the CSA. Metabolism in eggs may also be very
differentto thatin the body. Such studies are therefore unlikely to provide information

on use in quantitative risk assessment, although they might provide evidence of toxicity

that requires further investigation.


http://www.agritox.anses.fr/index2.php
http://sitem.herts.ac.uk/aeru/iupac/
http://www.epa.gov/pesticides/
http://extoxnet.orst.edu/
http://esis.jrc.ec.europa.eu/
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Non -testing data on avian toxicity

(Q)SAR models

Toxicity to Bobwhite Quail following both 14 -dayoraland 8 -day dietary exposure can be
predicted for pesticides and their metabolites using a free web -based modelling tool
called ADEMETRAO ( D e nommeniapMuodules fordv¥aludfion ofi Toxicity of
pesticide Residues in Agriculture) ( Benfenati , 2007 ). The model was developed using
experimental data produced according to official guidelines, and validated using external

test sets. A number of quality cri teria have been addressed according to the OECD
guidelines *2. It is unclear at the moment whether this model will be useful for other

types of substance.

No other Q(SAR) models are currently available.

12 The ECB may wish to produce a QRF to provide details on domain, no. of substances in training set, etc.
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Table R.7.10 0 4
toxicity tests

Test Guideline

Draft OECD
TG 223
(OECD,
2002)

Acute oral

..o 13
toxicity

USEPA/
OPPTS
850.2100
(US-EPA,
1996a)

Dietary OECD TG
toxicity 205
(1984a)

USEPA/
OPPTS
850.2200
(US-EPA,
1996b)

Summary of the test

The test involves direct exposure
of birds to measured single oral
doses of the test substance,
followed by observation for a
number of days. Administration is
by gavage either in a suitable
solvent vehicle or in gelatine
capsules. The highest dose need
notexceed 2,000 mg/kg bw.

Regurgitation should be avoided
because it compromises the
evaluation of toxicity. Lowering
dose volume or changing carriers
may reduce the incidence of
regurgitation.

This is a short -term test, in which
groups of 10 -day old birds are
exposed to graduated
concentrations (determined in a
range -finding test) of the test
substance in their diet for a period
of 5 days, followed by a recovery
period. Multiple  oral dosing may
be necessary for very volatile or
unstable compounds.

The test is not designed to
simulate realistic field conditions,
or provide a good characterisation
of sub -lethal effects. Other
drawbacks include:

food avoidance 4, and lack of
replic ation (which limits the power
of the test to detect effects).

Summary of existing and proposed standardised avian

Information derived

The test provides a quantitative
measurement of mortality (LD 50
value), which acts as a standard
index of inherent toxicity, since

bird behaviour (i.e. dietary
consumption) cannot influence

the dose received. It is therefore
useful as a general guide for

range finding for other studies,

and for comparative studies.

The results are relevant to very
short timescale exposures, and
cannot be used to indicate
chronic toxicity. This test is
therefore of low relevance for the
assessment of food chain risks.

The test provides a quantitative
measurement of mortality (e.g.
5-day LC s0 value) and can act as
a range -finder for the chronic
reproduction test (a full test is

not necessary if the range -
findi ng test shows thatthe LC 50
is above 5,000 mg/kg diet).

13 Effort s to combine these two test methods into one internationally harmoni

ongoing in the OECD Test Guideline Programme

“Food avoidance

although this will vary between species. A d
Behaviour is under development (OECD 2003). In t

responses can

sed test guideline are currently

i nf | u dsamslepotantias hy bestricting exgosuse, hazar d
raft OECD Guidance Document on Testing Avian Avoidance
he cur rent revision of TG 205 the method will be revised to

generate information that also can be used for the assessment of avoidance behaviour. There are no

international protocols on avian repellency yet available. However a purpose of such a test i.e.

the sc reening of

repellent substances could be achieved by using the results of a revised dietary guideline (OECD, 2006b).

Repellency is of limited relevance for long

Further guidance, if

-term endpoints involving only low concentrations of test substance.
needed, can be found in the references cited in the main text.

and

:
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Test Guideline Summary of the test Information derived

Reproducti OECD TG Breeding birds are exposed via The test enables the

on15 206 the dietoveralong -term (sub - identification of adverse eff  ects
(1984b) chronic) period to at least three on reproductive performance

concentrations of the  test linked to gonadal functionality at

USEPA/ substance. The highest exposure levels lower than those
OPPTS concentration should be that cause serious parental
850.2300 approximately one half of the toxicity.
(US-EPA, acute dietary LC 10; lower
1996¢) concentrations should be The most important endpoint is

geometrically spaced at fractions
of the highest dose. An upper
dose limit should be set at 1,000
ppm (unless this  would cause
severe parental toxicity).

The test substance should possess
characteristics that allow uniform
mixing in the diet. The test
guideline cannot be used for

highly volatile or unstable
substances.

the production of chicks that
have the potential to mature into
sexually viable adult s. Other
intermediate parameters are also
measured (e.g. mortality of
adults, onset of lay, numbers of
eggs produced, eggshell
parameters, fertility, egg
hatchability and effects on young
birds). These can give
information on the mechanisms
of toxicity tha t contributes to
overall breeding success.

The test should provide a NOEC
value (i.e. the concentration in
adult diet that shows no
reduction in the production of
viable chicks) along with the
statistical power of the test.

Itis critical that all endpoin ts be
taken into account when using

the results from the test for risk
assessment. The weight given to
intermediate endpoints in the
absence of a problem in overall
chick production is a case  -by-
case decision which must be
made after consideration of the
possible or likely consequences in
the wild. The ecological
significance of effects on each of
the parameters measured may
differ.

15 Some work has been done to develop a one
in the Japanese Quail or Northern Bobwhite) but this is not yet at a suitable stage to

- gen test OECD draft TG (2000) Avian Reproduction Toxicity Test

be discussed further.
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Test Guideline Summary of the test Information derived

OECD TG 206 was not designed to accurately reflect
ecologically important endpoints are not covered (e.g. the onset of laying, parental competence

in incubation, and feeding of young birds). Although these might not always be significant gaps,

further work is underway to develop a test that will be able to detect all the potential effect s of
endocrine disrupting chemicals, and this is described briefly below.

Two - Draft OECD | The proposed guideline aims to The testis designed to determine
generation TG examine the effects of a chemical whethe r effects are a primary
avian proposal on a broad setof reproductive disturbance (with direct impacts
reproductio (OECD, fithess and physiological on the endocrine system) or a
n toxicity 2007) endpoints in a quail species over secondary disturbance (with
two generations. However, several impacts on other target organs
research areas have been that cause endocrine effects) of
identified, and an agreed test endocrine function. Currently,
guideline is unlikely to be endpoints to be covered include
available for some time. egg production  and viability,

hatching success, survival of

chicks to 14 days of age, genetic
sex, onset of sexual maturation,
body weight, and male

copulatory behaviour, gross
morphology and histology of

specific organs, as well as levels

of sex hormones, corticosteron e,
and thyroid hormones.

Read-across and cateqgories

Experience ofread -acrossapproachesforaviantoxicity is very limited for industrial and
consumer chemicals. The sameapproach should therefore be adopted as formammalian
tests (see Section R.7.6 for specific guidance on reproductive and developmental
toxicity).

In addition, it should be considered whetherthe substance has any structural similarity
to other substances to which birds are known to be especially sensitive, such as
organophosphates, certain metals and their compounds (e.g. cadmium, lead, se lenium)

and certain pesticide or veterinary medicine active substances (e.g. DDT). Further
research is needed to identify structural alerts for chronic avian toxicity.

R.7.10.18.2 Field data on avian toxicity

Field data will not usually be available, andi tis unlike ly that a registrant will ever need

to conduct a specific field study to look for bird effects (as sometimes required for

pesticides). Recommendations on methodology are given in EC (2002a) and further

discussion is provided in Hart etal. (2001) and SETAC (2005). The kind of data that
resultfromsuch studies varies according to the test design, although they tend to focus

on short -termimpacts and are therefore of limited use for risk assessment of long -term
effects.
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Wildlife incident investigation or oth er monitoring schemes might rarely provide some
evidence that birds are being affected by exposure to a specific substance. Interpretation
is often complicated and it may be difficult to attribute the observed effects to a specific
cause. However, such dat a can be used to support the assessment of risks due to
secondary poisoning  on a case -by-case basis.

R.7.10.19 Evaluation of available information on avian toxicity
R.7.10.19.1 Laboratory data on avian toxicity
Testing data on avian toxicity

In vitro _data

No specificavianme thodsare currently available. The specific guidance on reproductive
and developmental toxicity (see SectionR. 7.6) provides guidance on evaluation of some
types of testthatare relevant to mammalian reproduction. It should be noted that these
are only re levant for one 1 albeit very important I aspect of long -term toxicity. In

addition, these tests do not take metabolism into account, and metabolic rates and
pathways may differ significantly between birds and mammals.

In vivo _data

Ideally, testresults will be available from studies conducted to standard guidelines with

appropriate quality assurance, reportedin sufficientdetailto include the raw data . Data
from other studies should be consideredona case -by -case basis. For examp le, e xpert
judgementis needed to identify any deviations from modern standards and assess their

influence on the credibility of the outcome. A non - standard test might provide an
indication of possible effects that are notidentified in other studies or ev idence of very
low or high toxicity. If the data are used, this must be scientifically justified.

For testsinvolving dietary exposure, s tability and homogeneity of the substance in the

food must be maintained. Results of studies involving highly volatile or unstable
substances therefore need careful consideration, and it might not be possible to
adequately test such substances or those that otherwise cannot be administered in a

suitable forminthe diet. In suchcases, itis unlikely that birds would be e xposed to the
substance inthe diet either, for similar reasons .If avenhicleis used, this must be of low
toxicity, and must not interfere with the toxicity of the test substance. Validity criteria

are given in the OECD guidelines.

Acute/ short -term tests

Existing acute testdata can be usefulif no other avian data are available, although they

are not preferred. Regurgitation / emesis can substantially reduce the dose absorbed in
acute oral toxicity tests, and therefore affect the interpretation of the test results.
Similarly, food avoidancein dietary tests may lead to effectsrelatedto starvation rather

than chemicaltoxicity. Tests should therefore be interpreted carefully for any evidence of

such responses - the test may not be valid if regurgitation oc curs at all doses.
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Long -term tests

A number of issues should be considered inthe evaluation of long -termtests, as listed in
Table R.7.10 8 5. In princ iple, only endpoints related to survival rate, reproduction rate
and development of individuals are ecotoxicologically relevant.

Table R.7.10 0 5 Summary of interpretational issues for long -term toxicity
tests

Long -term Comment

testing issue

Category of Reproduction tests include parental and reproductive endpoints. An endpoint
endpoint relating to overall reproductive success should normally be selected to define
the long -term NOEC. Depending on the individual case and the availability of

data, this could be the reproduction rate, the survival or growth rate of the
offspring, or behavioural parameters in adults or young.

In some cases, other endpoints (e.g. certain biochemical responses) may be

more s ensitive, although they might not be ecologically relevant. Guidance on
interpretation of such data, if they are available, is provided in OECD (1996). In
summary, any conclusions of biological significance must be based on changes

that:

Occur in a dose -re sponse fashion (i.e. more abundant or pronounced in higher
exposure groups);

Are accompanied by confirmatory changes (i.e. differences in a biochemical
parameter or organ weight, or histologically observable changes in tissue
structure); and,

Most importa ntly, are related to an adverse condition that would compromise
the ability of the animal to survive, grow or reproduce in the wild (e.g.
pronounced effects on body weight and food consumption (if this is a toxic
response and not caused by avoidance)).

Statistical The NOEC is based on the most sensitive endpoint of the test as determined by
power the lack of statistical significance compared with the control. This does not
necessarily equate to biological significance. For example, in a high quality (low
variation coefficient, high power) avian reproduction test it may be possible to
prove that a 5% deviation in hatchling weight is statistically significant,

although this would not be detectable in normal tests. If the chick weight at

day 14 is normal, suc  h an effect should not be considered as biologically
relevant.

The NOEC may therefore be used as a worst case value for risk assessment,

but it may be possible to refine this if necessary by considering the ecological

relevance of the effects seen at doses above the NOEC (e.g. see Bennett etal. ,
2005).

Time course Sublethal effects that are transient or reversible after termination of exposure
of effects are less relevant than continuous or irreversible effects (this may depend on

how fast the reversal takes place). If reproductive effects in a multigeneration
study are more pronounced in the second generation w hereas in practice
exposure will be restricted to a short time period then the reproductive NOEC

after the first generation should be used as a possible refinement step (unless
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Long -term Comment

testing issue

in exceptional cases, e.g. with suspected endocrine disrupters, where effects i n
the second generation may be attributable to a brief exposure period in the first
generation).

Parental Parental toxicity should be avoided if possible. Effects that are only observed in

toxicity the concentration range that leads to clear parental toxi city need careful

consideration. For example, a decline in egg laying may be the result of
reduced feeding by the adult birds, and would therefore not be a reproductive
effect.

Exposure For highly hydrophobic substances, or substances that are otherwise expected
considerations to be significantly accumulative, measurements of the substance in tissues

should be considered as an additional endpoint to determine whether
concentrations have reached a plateau before the end of the exposure perio d.

Non -test data on avian toxicity

(Q)SAR models

If QSAR models thathave been developedfor pesticides are used, their relevance for a
particular substance should be considered and explained (especially in relation to the
applicability domain). It is | ikely that QSAR approaches will not be suitable for the
majority of substances for the foreseeable future, interms of both the endpoints covered
(i.e. acute effects only) and the chemical domain.

Read -across and categories

The same principles apply as for mammalian acute toxicity (see Section R.7.4), repeated
dosetoxicity (  Section R.7.5)and reproductive toxicity studies ( Section R.7.6) . Ideally,
the substances should have similar physico -chemical properties  and toxicokinet ic
profiles ,and information willbe available about which functional groups areimplicated in
any observed avian toxicity. The comparison should  take account of reproductive or
other chronic effects observed in fish and mammals as well as birds. T he absol ute
toxicity of a substance cannot be directly extrapolated from fish or mammals to birds,

but relative sensitivities might provide enough evidence in some circumstances.

R.7.10.19.2 Field data on avian toxicity

It will be very unusualfor field studies to indicate ¢ hronic effects inwild birds, and these
need to be considered case -by-case. Results should be interpreted with caution, and
confounding factors addressedbefore deciding what levelof any particular substance is

linked to the observed effect. The relevance and statistical power of the study should
also be assessed. Furtherdiscussionis provided in Hart etal. (2001) and OECD (1996).

R.7.10.19.3 Remaining uncertainty for avian toxicity

Avian toxicity data are not available for the majority of substances. Assessments of
secondary poisoning are therefore usually reliant on mammalian toxicity data. The
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relative sensitivities of birds and mammals following chronic exposures require further

research. Forexample,there is some evidence from pestici dedatathatbirds may be an
order of magnitude more sensitive in some cases. The validity of read -across between
analogue substances is also untested.

Evenwhen studies are available, there are stillmany sources of uncertainty that need to

be takeninto accountin the assessmentof avian effects. Only a very few species are

tested in the laboratory, and it is importantto be aware thatthere is significant variation

in responsebetween species and individuals, and differences between laboratory and

field situations (e.g. diet quality, stressors, differing exposures over time). Further

details are provided in Hart etal. (2001). Theseissues are assumed by convention to be
accounted for collectively using an extrapolation or assessment factor (see Section
R.7.10.20 ). Itshould be noted that these factors have not been calibrated against the
uncertainties.

In addition, it should be remembered that the m odel food chain for the screening
assessmentof secondary poisoning risks is relatively simplistic and reliant on a number

of assumptions(see  Section R.7.10.8 for further details). It may often be possible to
refine the exposure scenario (e.g. by more sophisticated modelling, including use of
more specific information about the most significant prey and predator organisms of the
food chain considere dconcerning for example bioavailability of the substance in food
and feeding habits and/or gathering better exposure information such as emission,
degradation or monitoring data). Regardless of the calculations that are performed, it is
always usefulto  perform a sensitivity analysis, i.e. list those items that have some
associated uncertainty, and discuss whether these uncertainties can be quantified
together with their overall impact on the conclusions of the assessment.

For complex mixtures, the toxici ty test result is likely to be expressed in terms of the
whole substance. However, the exposure concentration may be derived for different
representative components, inwhich case the PEC/PNEC comparison will require expert
judgementto decide if the toxic ity data are appropriate for allcomponents, and whether
further toxicity data are needed for any specific component.

R.7.10.194  Exposure considerations for avian toxicity

No specific exposure -related exclusion criteria are provided in column 2 of Annex X.

In pesti cide risk assessment, decisions onthe need for reproduction tests may depend

on whether adult birds are exposedduring the breeding season (EC, 2002a). However, it

is highly unlikely that the use of an industrial or consumer chemical would be so

restricte dastoexclude breeding seasonexposure. Insome cases, the use pattern might

limit exposureto birds. For example, production and use might only take place at a smal

number of industrial sites with very low releases, with low probability of any signific ant

release from products (an example might be a sealant additive). In cases where the

exposure is considered negligible, an appropriate justification should be given, taking

care that this covers al l stages of the substancebds |ife cycl

If releasesto ai r, water and/or soil can occur, then the need to perform a new avian
toxicity test at the 1,000 t/y level should be decided following a risk assessment for

secondary poisoning. It should be noted that the exposure of birds is generally only
consideredfor thefishand earthwormfood chains following the release of a substance
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via a sewage treatmentworks 6, The needto conduct a secondary poisoning assessment
is triggered by a number of factors (see Section R.16.4.3.5 of the Guidance on IR&CSA

for furtherguidance). If these criteria are not met, then further investigation of chronic
aviantoxicity is unnecessary. For example, itis unlikely that a secondary poisoning risk
will be identified for substances that:

1 are readily biodegradable, and

1 have a low potential for bioaccumulation in fish and earthworms (e.g. a fish
BCF below 100, or in the absence of such data onneutral organic substances
a log K ow below 3).

These properties maytherefore be used as part of an argument for demonstrating low
exposure potential for birds, although care may be needed (e.g. high local
conce ntrations could still be reached in some circumstances, for example due to
widespread continuous releases).

R.7.10.20 Conclusions for avian toxicity

The aim is to derive a PNEC for birds based on the available data. Given the absence of
reliable QSARsand invitro methods,inmostcasesit is expected that an initial attempt
to estimate avian toxicity can be made by read -across from suitable analogue
substances (possibly as partof a category). The preferred value must be scientifically
justified for use in the asses sment.

R.7.10.20.1  Concluding on suitability for PBT/vPvB assessment

In the context of PBT/vPvB assessment, avian toxicity data should be used in

conju nctionwith other evidence of toxicity as part of a weight - of -evidence determination
to conclude on substance toxici ty . If theexisting avian toxicity — study is of poor quality,
or the effectis unclear or based on only minor symptoms, a n additional study might be

needed if the decision is critical to the overall assessment, in which case a limit test
would be preferred.  The ecological significance of the effect should also be considered
(e.g. howimportantis a sub -lethaleffect compared to those of natural stressors, and
what would be their effect on population stability or ecosystem function?). Further
guidance is prov ided in Bennett etal. (2005) .

Further guidance on criteria is provided in Chapter R.11 of the Guidance on IR&CSA

R.7.10.20.2  Concluding on suitability for use in chemical safety
assessment

Data obtained from species used in standard test methods are assumed to be
representative of all species (including marine). Since the scenario under consideration
concernsthe effectsof a  substance onbirds viatheir diet, only toxicity studies using oral
exposurear erelevant. Dietary studiesare preferred, since these are most relevant to
the exposure route under investigation. Oral gavage studies might provide some

evidence of very high or low acute toxicity in some cases, which could be used as part of

16 )¢ may sometimes be appropriate to model exposure of marine predators, in which case the scenario might
not involve a sewage treatment stage.
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a Weight -of-Evidence argument provided that a reasoned case is made. Egg dipping
studies are not relevant, although they might indicate an effect that requires further
investigation.

R.7.10.21 Integrated testing strategy (ITS) for avian toxicity

R.7.10.21.1  Objective / General principles

In general, ateststrategyis only relevantforsubstances made or supplied at levels of

1,000t/yor higher (althoughthere may be a need for further investigation if a risk is

identified at lower tonnage based on existing acute data). Further more, collection and/or

generation of additional avian toxicity data are required forthe PBT/vPvB assessment in

all cases wherearegistrant, while carrying outthe CSA, has identified is substance as P

and B but cannot draw an unequivocal conclusion on w hether the T criterion in Annex

Xl to REACH is met or not and avian toxicity testing would be needed to draw a

definitive conclusiononT . This obligation applies forseamll O 10
Chapter R.11 of the Guidance on IR&CSA for further details) .

The general presumption is that avian toxicity testing wil | not normally be necessary. At
the sametime, care must be taken not to underestimate the potential risks faced by

birds. New studies should only be proposed following careful consideration of all the
available evidence, and the objective of the testing s trategy is therefore to ensure that
only relevant information is gathered.

R.7.10.21.2  Preliminary considerations

The need for chronic aviantoxicity testing is explicitly linked to the secondary poisoning
assessment. Adecisiononthe needto conductaviantestingm ay be postponed if  other
actions are likely to result from the rest of the environmental (or human health)

assessment. For example:

1 Nofurthertesting onbirds is necessaryif the substance is a potential PBT or
vPVB substance on the basis of other data (t he relevant PBT test strategy
should be followed first). If such properties were confirmed, then further
animal testing would be unnecessary since long -term effects can be
anticipated .

1 Theexposure assessment may needto be refined if risks areinitially identified
for the aquatic or terrestrial environments. This may include the
recommendation of improved risk management measures.

1 Atestwith birds can await the outcome of any further chronic mammalian
testing proposed for the human health assessment (unl ess it is already
suspected that birds may be more sensitive, e.g. because of evidence from
analogue substances).

Three main cases can be distinguished where further testing may be an option:

1 Only acute aviantoxicity data are available . A decision onthe need for
further chronic testing will depend on the outcome of the risk assessment
using a PNEC based on these data, in comparison to the conclusions for
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mammalian predators. For example, if a risk is identified for birds but not
mammals, a chronic test wi I allow the PNEC i to be refined.

1 Only a poor quality chronic study is available . If the risk is borderline
(e.g. the PEC is only just greater or less than the resulting PNEC), a
replacement study might be necessary to provide more confidence in the
conclusion.

1 No avian toxicity data are available . A decision must be made as to
whether this representsa significant data gap or not. It is assumedthata  risk
characterisation based onthe available mammalian toxicity data set will give
anindication oft he possiblerisksof the  substance to higher organisms in the
environment (care should be taken to consider any effects that have been
excluded as irrelevant for human health). However, given the lack of
information on relative sensitivities between birds and mammals, avian
testing may be required if:

- the substance has a potential for contaminating food chains i for
example, because it is not readily biodegradable and is accumulative
(e.g. fishBCF above 100, or other indications of bioaccumulation from
mammalian tests such as low metabolic rate, high affinity for fat
tissues, long period to reach a plateau concentration in tissues, or slow
elimination rate), and

- thereis evidence of toxicit ~ yinmammalianrepeatdose or reproduction

tests.

As a toxicity testing trigger only , itis suggested that the PNEC mammal IS
reduced by a factor of 10 to derive a screening PNEGCyq: i f the
subsequent risk characterisation ratio is above 1, and the expos ure

assessmentcannotbe refined further, then avian toxicity data should
be sought (see Section R.7.10.21.3 ).

In all cases beforeanew toxicity te stis performed, efforts should firstbe made to refine

the PEC (including consideration of risk management measures) because the exposure
scenario is based on a number of conservative assumptions. If avian testing is
necessary, a limit test might be appro priate.

R.7.10.21.3  Testing strategy for avian toxicity

This assumes that chronic avian toxicity needsto be addressed. If no suitable analogue
data exist (which will often be the case), or there is some doubt about the validity of the
read -across,further testingis required onthe substance itself. This may also be the case
if the substance is part of alarger category for which avian toxicity data are limited (in
which case it mightbe possible to develop a strategy to provide data on several related
subs tances,based on a single (or few) test(s). The substance that appears the most
toxic to mammals and fish should be selected for further testing with birds in the first
instance).

The avian reproduction test (OECD TG 206) should be conducted to provide a r eliable
chronic NOEC. It may be possible to conduct a limit test (based on the highest PEC
multiplied by 30): if no effectsare observed at this limit concentration then no further
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investigation is necessary. A judgment will be needed as to whether this ap proach is
likely to offerany disadvantage comparedto afulltest (e.g. the substance may be part

of a category, wherefurther information on dose -response may be needed). Exceptions

to this test may be as follows:

1 In some cases, itmightbe appropriate t o conduct an acute test to provide a
preliminary indication of avian toxicity. For example, this could be useful if
severalrelatedsubstances have no aviantoxicity data, and some comparative

data are neededto testthe appropriateness of aread -across ar gument when
only one is subjectto a reproduction test. This could be a limit testin the first
instance, since it is not necessary to establish a full dose -response

relationship. Atentative PNEC o Ccan be derived from the result of a dietary
test(OECD TG 205), in which case the limit could be either 5,000 mg/kg diet

or the highest PEC multiplied by 3,000 (whichever is the lowest). However,
given the uncertainties in extrapolating from acute to chronic effects, a
chronic test will usually be preferred.

1 If the substance clearly showsan endocrine disrupting effectin mammals with
a high potency (i.e. acting at doses well below the threshold for other
endpoints), it may be appropriate to conduct a multi -generation test instead.
Since the protocols forsuch tests have notbeeninternationally agreed, these
would need to be discussed with the relevant regulatory bodies before
embarking ona study. In addition, it is likely that such substances would be
authorised and so the sacrifice or more vertebrates might not be justified.

It should be noted thatthis scheme doesnot include requirements to collect field data.
This should only be considered in exceptional circumstances.

The ITS is presented as a flow chart in Error! Reference source not found.
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Start

Using Weight of Evidence , provide an estimate of avian toxicity based of available information

1. Characterise the substance

2. ldentify analogues

3. Evaluate existing testing ond non -testing data

4. Based on available data, cana LC  s0 or NOEC be estimated?

h Yes No —¢
Use data from Chemical Safety Perform Chemical Safety Assessment
N Assessment  (and PBT if relevant) with mammalian PNEC/10 No
0
See chapter R.10 for assessment triggers. See chapter R.10 for assessment triggers.
If only a tentative PNEC  bird is a vailable is Is a risk identified using this screening
a risk identified PNECoird ?
Yes
Is the substance a PBT/vPvB candidate?
vy No
Test may be needed:
Refine exposure assessment (including risk management
measures), and perform any required mammalian toxicity tests.
Still a risk using the (revised) avian PNEC?
v Yes
Perform OECD 206 test
Consider a limit test if possible
> No testing required 7 record reason <
Figure R. 7.10 8 2 ITS for avian toxicity 1

17 In the figure the reference to Chapter R10 corresponds to Section R.7.10.8 on secondary poisoning
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Appendix R.  7.10 -1 Databases

DISCLAIMER: this section does not include the latestinformation on available databases

Several BCF databases are available and the most widely used are described in this
appendix (see Weisbrod  etal. (2006) for additional details. Many of the earlier studies
recorded in databases suffer from a number of potentially serious flaws, which are
gradually being better understood. For example, the methodology may not always be
consistentwiththe current OECD 305 test guideline. It is therefore important that the
version of the database being interrogated is recorded, because the content may change
overtim e. Forexample,following a quality control of the Syracuse database, a number

of values wereamended or removed. Ina number of cases, the data quality might not
have been checked, and in these circumstances the original source should also be sought

so th at the quality can be confirmed.

AQUIRE / ECOTOX Database

A very well known and widely used database is the AQUatic toxicity Information

REtrieval (AQUIRE) (US -EPA, 1995) system, which is a part of the United States
Environmental ProtectionAgency's ECOTOX Database (US -EPA ECOTOX Database). In
2005 more than 480,000 test records, covering 6,000 aquatic and terrestrial species and

10,000 chemicals, w ere included. The primary source of ECOTOX data is the peer -
reviewed literature, with test results identified through comprehensive searches of the

open literature. The bioconcentration factor sub -file includes 13,356 aquatic chemical
recordsand 19terres trialchemicalrecords, collected from over 1,100 publications, and

encompassing approximately 700 distinct chemicals. The use of the on -line database is
free and can be accessed through the Internet at http://cfp _ub.epa.gov/ecotox/.
Japan METI T NITE Database

The METI database is a collection of around 800 BCF values collected by the Japanese
National Institute of Technology and Evaluation (NITE). The database collects
bioconcentration values obtained according to the OECD TG 305C method (older data) as
wellas the morerecentversionofthe OECD TG. The test fish (carp) is exposed to two
concentrations of the test chemical substance in water under flow -throughconditions. All

tests are conducted by Good Laboratory Practice (GLP) laboratories and their testresu Its

are reviewed by the joint council of 3 ministries (METI: Ministry of Economy, Trade and

Industry; MHLW: Ministry of Health, Labour and Welfare; MoE: Ministry of the

Environment). The BCF data on about 800 existing chemicals are available at the

Chemica | Risk I nformation Platform (CHRIP) of
(http://www.nite.go.jp/en/chem/index.html ). Maximum and minimum BCFs at two
different exposure concentrations for the test species (Carp, Cyprinus carpio ) are
reported. The duration of exposure and exposure method (usually flowthrough) and lipid
content are usually provided and occasionally the analytical method (e.g. gas
chromatography) is included. However, it has to be highlighted that earlier studies were

not conducted in accordance with the cu rrent OECD TG 305 method. Some used high
levels of solvents/dispersants (which may give unreliable BCF values) and others were

t

he

conducted far in excess of the test substanceos

an underestimate of the BCF value).
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US National Library of Medicine's Hazardous Substances Database

The Hazardous Substances Database (HSDB) is a toxicology database on the National

Library of Medicine's (NLM) Toxicology Data Network (TOXNET ®). HSDB focuses on the
toxicology of potentially haz ardouschemicals. Itincludes over 4800 chemical records. All
dataarereferencedandpeer  -reviewed by a Scientific Review Panelcomposed of expert

toxicologists and other scientists (U.S. NLM 1999). Although the data are primary source
referenced there is little information about the details of the experiments used o
measure BCF. The Hazardous Substances Database is accessible, free of charge, via
TOXNET at: http://toxnet.nlm.nih.gov

Environmental Fate Database

The Environmental Fate Database (EFDB) database (Howard etal. ,1982, Howard etal. ,
1986) was developed by the Syracuse Research Corporation (SRC) under the
sponsorshipofthe US -EPA. Thiscomputeri seddatabase includes seve ral interconnected
files, DATALOG, CHEMFATE, BIOLOG, and BIODEG. DATALOG is the largest file and it
contains over 325,000 records on over 16,000 chemicals derived fromthe literature. The
bioaccumulation and bioconcentration information is available only f orasmallfraction of
the chemicals inthe database. The database does notdifferentiate between BCF values

that are derived experimentally based on testing the substance in question in a
bioconcentration test or mathematically without such testing. A lar ge number of reported
BCF datais based on calculated values. The database can be accessed via the Internet at
http://www.srcinc.com/what -we -do/efdb.aspx _and is free of charge.

Syracuse BCFWIN Database and BCFBAF Database

The Syracuse BCFWIN database wasdeveloped by Meylanandco -workers to supportthe
BCFWIN program (Syracuse Research Corporation, Bioconcentration Factor Program
BCFWIN). The database dev  elopmentis describedin Meylan etal. (1999). Experimental
details captured in the database included fish species, exposure concentration of test
compound, percentlipid of the test organism, test method (equilibrium exposure versus
kinetic method), test duration if equilibrium method, and tissue analysed for test

compound (whole body, muscle fillet, or edible tissue). Data obtained by the kinetic

method were preferredto datafromthe equilibrium method, especially for compounds

with high log K ow values, which are less likely to have reached equilibrium in standard

tests. Where BCF data were derived from the equilibrium method, and steady state may

not have been reached, especially for chemicals with high log K ow Values, the data
chosenwasinthe middle o f the range of values with the longest exposure times. Low
exposure concentrations of test compound were favoured in order to minimi se the
potential for toxic effects and maximi sethe likelihood that the total concentration of the
substance inwaterwas eq  uivalent to the bioavailable fraction. Warm -water fish were
preferredtocold -waterfishbecause moredatawereavailable for warm -water species.
Fish species were preferred in the order fathead minnow > goldfish > sunfish > carp >

marine species (this lis tis not all inclusive). Fathead minnow data were generally

selected over data from other species because such data were available for a large
number of chemicals, and becausethey have been used to develop log K ow-based BCF
estimation methods. The databas e contains 694 discrete compounds. BCFWIN database
was updated (Stewart  etal. , 2005) toimprove prediction for hydrocarbons. The current
BCFWIN hydrocarbons database contains BCF data on 83 hydrocarbons.


http://toxnet.nlm.nih.gov/
http://www.srcinc.com/what-we-do/efdb.aspx

Chapter R.7c: Endpoint specific guidance

118 Version 4.0 7T December 2023
The BCFWIN E model has now been updated and replaced by the BCFBAF E model. The
model is available from the US EPA website https://www.epa.gov/tsca -screening -

tools/epi -suitetm -estimation -program -interface

BCFBAFE estimatesfish bioconcentration factors and its logarithm using two different
methods. The first is the traditional regression based on log KOW plus any applicable

correction factors, and is analogous to the WSKOWWIN E method. The second is the
Arnot - Gobasmethod, which calculates BCF from mechanistic first principles. BCFBAF also
incorporates prediction of apparent metabolism half -life in fish, and estimates BCF and

BAF for three trophic levels (Arnot and Gobas, 2003).
Ha ndbook of Physico - chemical Properties and Environmental Fate

The Handbook of Physico  -chemical Properties and Environmental Fate (Mackay etal. ,
2000), published by CRC, consists of several volumes, each covering a set of related

organic chemicalsubstances . Itis available in book form and in a CD ROM format. The
database provided inthe book includes data on bioconcentration factors, octanol -water
partition coefficient and several other physical chemical properties relevant for
environmentalfateassessmen  ts. Details about the BCF data have not been retrieved.

Canadian database

Environment Canada has developed an empirical database of bioconcentration factor

(BCF) and bioaccumulationfactor (BAF) values to assess the bioaccumulation potential
ofapproximate 'y 11, 700 organic chemicals included on Canc:
List (DSL) as promulgated by The Canadian Environmental Protection Act 1999

(Governmentof Canada, 1999). These data were collected for non -mammalian aquatic
organisms, i.e. algae, invert ebrates and fish, from approximately October 1999 until
October 2005. The BCF data were compiled from a Canadian in -house database, the
peer -reviewed literature and the above mentioned databases. Dietary feeding studies

were notincludedin the data compil ation. Values were compiled only if the test chemical

and test organism could clearly be identified. BCF data were evaluated for quality

according to a developed set of criteria based on standard test protocols (e.g. OECD TG
305E). The database includes ap proximately 5,200 BCF and 1,300 BAF values for
approximately 800 and 110 chemicals, respectively. A data confidence evaluation is

included based on the data quality criteria and methods. The database is available on

request through the Environment Canada - Existing Substances branch.

CEFIC i LRI bio -concentration factor (BCF) Gold Standard Database

A research project has been funded by the CEFIC -LRI ( www.cefic -Iri.org /) to establish a
BCF Gold Standard Database. The development of a database holding peer reviewed high

guality BCF is considered a valuable resourceforfuture development of alternative tests.

In addition, having such a database 7 into which new data points could also be added T
would considerably ease the potential to develop and begin the process for validation of

alternative BCF studies. For example the database could act as a validation set of
chemicals, for alternati ves. The project will develop quality criteria, gather fish
bioconcentration data, and critically review them. To prevent duplication of work, close

contacts are held with other related projects, the HESI -ILSI bioaccumulation group, the
SETAC advisory grou p and other interested parties.



https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface
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AppendixR.  7.10 -2 In vitro methods for aquatic bioaccumulation
(Deleted)

Invitro methodsfor aquatic bioaccumulation is addressed in the OECD test guidelines
319 A and 319 B. Therefore the Appendix R.7.10 -2 has been deleted.
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Appendix R.7.10 -3 Considerations for difficult substances

The estimation methods for aquatic bioaccumulation presented in Section R.7.10.3.2
were generally derivedfornon -ionised organic substances. They aretherefore of limited
usefulness for a large number of other substances, including complex mixtures and
substances thatare chargedatenvironmental pH(suchasinorganic compounds). These

may be collectively termed difficult substances , andthis appendix provides guidance on
their assessment.

Inorganic substances

The availability of inorganic substances foruptake mayvary de pending on factors such
as pH, hardness, temperature and redox conditions, all of which may affect speciation.

BCF values will therefore be influenced by water chemistry. In general, only dissolved

ions are potentially available for direct uptake.

Whilsts omeorgano -metallic substances (e.g. methyl -mercury) behave like non  -polar
organics and are taken up across cell membranes by passive diffusion, the uptake of

many types of dissolved inorganic ions (particularly metals) largely depend on the

presenceof sp ecific active transport systems (e.g.copper ATPases regulate the uptake

and excretion of copper in cells, and occur in a wide range of species from bacteria to

humans (Pefia etal. ,1999;Rae etal. ,1999). These systemsare regulated by saturable
kinetics , andthe degree of uptake of a particular ion will also be strongly influenced by

ligand binding and competitive interactions at the receptor site (e.g. Campbell, 1995;

Mason and Jenkins, 1995). Once in the organism, the internalion concentration may be

maintained through a combination of active regulation and storage, which generally

involves proteins or specific tissues rather than lipid (Adams, etal. , 2000; McGeer, et
al. , 2003). Such homeostatic mechanismsallow the maintenance of total body levels o f
substances such as essential metals within certain limits over a range of varying external
concentrations.

As a result of these processes, organisms may actively accumulate some inorganic
substances to meettheir metabolic requirementsif environmental ¢ oncentrations are low
(leading to a high BCF). At higher concentrations, organisms with active regulation
mechanisms may even limit their intake and increase elimination and/or storage of

excess substance (leading to lower BCFs). There may therefore be an inverse
relationship within a certain exposure concentration interval between exposure
concentrationand BCF value (McGeer, etal. ,2003). Active body burden regulation has

been shown to occur in many aquatic species. Other species will, however, tend to

accumulate metals and store these in detoxifiedforms (e.g. calcium or phosphate based

granules, metallothionein  -like protein binding, etc.), thereby homeo statically regulating
the toxic body burdens (Rainbow, 2002; Giguére et al. , 2003). It must be recogn ised'®
howeverthatin some cases the homeaostatic regulation capacity may be exceeded at a

given external concentration beyond which the substance will accumulate and become

toxic. The relationship between accumulation and toxic effects for inorganic substances

18 For some metals evidence indicates variation in BCF of around one order of magnitude when the water
concentration varies over three orders of magnitude. The highest BCF values occur at the lowest exposure
concentrations and generally BCF values at environmentally realistic concentrations should be used.
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is complex, butis determined by the relative balance between the rates of uptake and
depuration/detoxification (Rainbow, 2002).

The observed variability in bioaccumulation and bioconcentration data due to speciation

and especially homeostatic regulation ca n therefore complicate the evaluation of data
(Adams and Chapman, 2006). The data may be used for assessments of secondary
poisoning and human dietary exposure. However, special guidance is required for
classification of metals and inorganic substances are currently outside the scope of PBT
assessments.

The octanol -water partition coefficient (K ow) is nota useful predictive tool to assess the
bioaccumulation potential for inorganic substances. Some indication may be given by

read - across of bioaccumulation  and toxicokinetic information from similar elements or
chemical species of the same element. Factors such as ionic size, metabolism, oxidation
state, etc., should be taken into account if sufficient data exist. This may limit the

potential for read -across between different chemical species.

The OECD TG 305 s generally appropriate for determining afish BCF, provided that the
exposures are carriedout under relevant environmental conditions and concentrations.
Experimental bioaccumulation data should be ass essed carefully on a case -hby-case
basis, paying particular attentionto the dissolved exposure concentration. Based on the
assessment of available data using expert judgement  , there are two possibilities:

1 A case may be made thatthe substance is unlikely to pose a risk to predatory
organisms or humans exposed via the environment either:

- basedon the absence of food web biomagnification and information
showing that organisms in higher trophic levels are not more sensitive
than those in lower trophi c levels after long -term exposure, or

- becauseit is an essential element and internal concentrations will be
well -regulated at the exposure concentrations anticipated.

Any such claims should be made on a case -by - case basis and substantiated with
evidence (e.g.from field studies). It should be remembered thatwhile a substance may
be essential for a particular organism, it might not be essential for others.

1 Inthe absence of the information mentioned above, bioconcentration factors
forfishandotheraquat ic organismsare derived from the available data and
taken into account in the CSA in the usual way. In the absence of suitable
data, new studies must be performed. Considering the issues discussed
above, anapproachthatallows the straightforward interpr etation of BCF/BAF
values has not been developed yet. Biomagnification factors may be more
useful, although care must be taken in assessing trophic transfer potential.

For example, the bioavailability of an inorganic substance to a bird or

mammal may vary  from that in aquatic species because of differences in
detoxification mechanisms and digestive physiology, and this should be taken

into account. Information may be obtained from field studies, although data

may also be obtained fromaquatic or terrestrial laboratory food chain transfer
experiments.
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Complex mixtures (including petroleum substances)

Complex mixtures pose a special challenge to bioaccumulation assessment, because of

the range of individual substances that may be present, and the variation in their
physico -chemical and toxicological properties. It is generally not recommended to

estimate an average or weighted BCF value because:

1 the composition of the constituents inthe agueous phase may vary in a non -
linear fashion with substance loading rat e, sothatthe BCF will also vary as a
function of loading;

9 differences in analytical methods used to quantify the total substance may
introduce significant uncertainties in interpreting results; and

9 this approachfails to identify specific constituents th at could exhibit a much
higher bioconcentration potential than the overall mixture.

I'n principle, therefore, itis preferable to identify one or more constituents for further

consideration that can be considered representative of other constituents in the mixture
in terms of bioaccumulation potential (acting as a worst case in terms of read -across
between the constituents T see Section R.7.10.3.2 inthe main textfor furtherguidance).

This could include the establishment of blocks of related constituents (e.g. for
hydrocarbon mixtures). The BCF would be established for each selected constituent in

the usual way (whether by prediction or measureme nt), and these data can then be

usedto evaluate the likely range of BCF valuesfor the constituents of a given mixture.

The OECD TG 305 method should be usedif possible (i.e. provided that the constituents

canbe monitored for separately). Alternatively, the Hyalella azteca bioconcentration test
canbe applied which allows to apply water accommodated fractions of complex mixtures

in a scaled downtest systemwhich is much smaller compared to the fish flow -through
test. If a further confirmatory step is ne eded following the bioconcentration test , the
most highly bioaccumulative constituent(s) should be selected for further
bioaccumulation testing (assuming this can be extracted or synthesised).

It should be noted that branching or alkyl substitution sometim es enhances
bioconcentration potential (e.g. due to a reductionin the biotransformation rate and/or

an increase in the uptake clearance). Care should be taken to consider such factors

when choosing a representative constituent. A form of sensitivityanaly sis maybe useful
in confirming the selection of constituents to represent a particular complex mixture. The
logic/relevance behind selection of certain constituents for further testing may also
dependonregulatory needs (e.g. for hazard classification th e particular % cut of f values
for classification).

If it is not possible to identify representative constituents, then only a broad indication of
bioaccumulation potential can be obtained. For example, it might be possible to derive a
range of K o values f rom a HPLC method, or a biomimetic approach could be used
(based on measurement of total organic carbon). If a potential concern is triggered for
bioaccumulation potential, expert advice will be needed to refine the results.
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lonisable substances

In gener al, ionised organic substances do not readily diffuse across respiratory surfaces,
although other processes mayplay arole in uptake (e.g. complex permeation, carrier -

mediated processes,ion channels, or ATPases). Dissociated and neutral chemical species
cantherefore have markedly different bioavailabilities. It is therefore essential to know

or estimate the pKa to evaluate the degree of ioni sation in surface waters at
enviromentally relevant pH (pH 4 -9) and under physiological conditions (pH 3 -9) (see

Section R.7.1. of the Guidance on IR&CSA for furt her details of the pKa and how to
predict log K ow at different pH).

Escher etal. (2002) showed that the Kow is not always a good indicator of biological
membrane -water partitioning forionised organic substances when thereis reactivity with
cell constit uents. Armitage etal. (2017)summarised thata spectsof the bioaccumulation
potential of ionisable substancesin fishthatcan be characteri  sed relatively well include
the pH dependence of gill uptake and elimination, uptake in the gut, and sorption to
phospholipids (membrane i water partitioning). Key challenges include the limited
empirical data for biotransformation and binding in plasma wheref ishpossess a diverse
array of proteins that may transport ionised substances across cell membrane s.
Furthermore, the generalphenomenonknown as th e fion trap © effect due to the large
pH gradient betwee n lysosomes and cytoplasm may resultinthe  preferential
concentrationof the charged form in the lysosomal compartment, with differences of

about 2 -3 orders of magnitude, compared to the cytosol

It can be concluded that assumptions about the bioaccumulation behaviour of ionised
substances may lead to underestimates of the BCF. Where this is likely to be a

significant issue in an assessment, a bioconcentration test with fish (or a suitable
alternative assay where sufficient evidence for justification is provided) will likely be
needed. This should preferably be carriedoutat an ecologically relevant pH at which the

substan ceis at its most hydrophobic form (i.e. non -ionised, as either the free acid or
free base) usinganappropriate buffer (e.g.thiswould correspondto a pH below its p Ka

for an acid and above its p  Ka for a base ).

However,priorto  invivo datageneration, anargumentfor a tiered modelling approach
(such as that outlined by Armitage etal. (2013, 2017 ) and using models such as
BIONIC *° therein described ), supported by suitable and sufficient input values, may be
appropriate to support an assessment of bioac cumulation if sufficient evidence of
applicability and suitable justificationcan be provided. For ionisable compounds, OECD
TG 319 may apply, however,the currently available in vitro -in vivo extrapolation models
may notalways applytoall (typesof)ion isable substances andadaption may beneeded
(Regnery etal. , 2022).

There is continuous work and development on understanding the partitioning and

bioaccumulation mechanisms of ionisable substances. This includes identification of
parameters to predict bioaccumulation potential of such substances, similar to the log
Kow Which is used to predict bioaccumulation potential of neutral organic substances
when it is solely driven by the hydrophobicity (Rendal, 2013; Guidance document on

19 L.
Accessible under https://arnotres _earch.com/bionic/ __; last accessed: October 2022
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aspects of OECD TG 305 (OECD, 2017), Armitage etal., 2017 ; Droge etal., 2021 a;
Kierkegaard et al. , 2021; Ribbenstedt etal. , 2022) .

Based onthe currentknowledge there are two scenarios when bioaccumulation potential

of anionisable substance could be predicted on the basis of log Kow of the neutral form

if properly justified (fo rinstance, inline with requirements of Column 2, Section 9.3.2. of

REACH Annex IX and/or under weight -of -evidence requirements of Annex XIll). First,
whenthe extentof ionis ation isalways below 90% at pH4 -9. In this case , models that
consider only the  hydrophobicity of the neutral form may be suf ficient to describe

bio accumulation (forin  stance, low potential for bioaccumulation could be predicted if log
Kow Of the neutralform of such substanceis O 3 pecond, when it can be justified that
the charge is highly delocalised onthe molecule . Similarly to the former case, thelogK ow
of the neutralform may be used to predict the potential for bioaccumulation for such
substances (Rendal, 2013) . However, these two scenarios are not applicable to

permanently charged substances andtoionised surface active substances (see section
on Surface active substances (surfactants ) below ).

Datafromf ishfeedingstudies examinedinthe work of Arnot and Q uinn (201 5) indicate
that ionic organic substances  do not necessarily show a lower uptake from dietary

ingestion than neutralcompounds with similar properties, and the charge may have no

decisiveinf luence onthe intake in the gastrointestinaltract (GIT) (Armitage etal. 2017).
Due to the lower membrane permeability of ionic organic substances  and the higher
transepithelialresistance of the gills compared to the GIT, it is likely that ionic organic
substances arebetterreceivedviathe GIT. T he associat ed greater permeability of the
GIT and the longer residence time in the GIT support this assumption. The
bioaccumulation potential of selected ionic organic substances  was evaluatedin a dietary
uptake study carried out according to OECD TG 305 combined with organ -specifc
analysis (Mueller etal. 2020). The suspected dietary bioaccumulation potential of the
selected ionic organic substances could not be conf irmed inthe feeding studies with
rainbow trout. The results corroborate earlier f indings that ioni sation lowers the
tendency of a chemicalfor dietary bioaccumulation, comparedto non -ioni sed chemicals.
In additionto the lipophobicity of ionic molecule moieties, fas tdepuration seems to be a
major reason for the observed low dietary bioaccumulation of ionic compounds, in

particular anions. Fast depuration may happen due to rapid metabolism of charged

compounds which needsto be further elucidatedforinstance by d ete rminationof invitro
intrinsic clearance using cryopreserved rainbowtrout hepatocytes or rainbow trout liver
S9 sub -cellular fraction (RT -S9) (OECD, 2018 a,b).

The following information may be used in a weight -of -evidence approach to justify that
the ion isable substance has a low potential for bioaccumulation:

1 Information on the toxicokinetics in aquatic organisms (as for any other
substance type).

1 Fish-water partitioning coefficient which addresses partitioning to lipids,
phospholipids and proteins (UBA 2021).

1 Membranelipid -water partition/distribution coefficient ( Kmuw/D muw) for ionisable
surfactants (Droge  etal. , 2021 b ) ( see section on Surface active substances
(surfactants) below ).
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Surface active substances (surfactants)

A substance is surface active when it is enriched at the interface of a solution with
adjacentphases (e.g.air) andwhenit lowers the surface tension of the medium/phase
in whichit is dissolved .In general, surfactantsconsistof an apolar and a polar moiety,
whichar e commonly referred to as the hydrophobic tail and the hydrophilic headgroup,
respectively. According to the charge of the headgroup, surfactants can be categorised

as anionic, cationic, non  -ionic or amphoteric (Tolls and Sijm, 2000). This structural
diver sity means that bioaccumulation potential should be considered in relation to these

subcategories rather than the group as a whole (see Tolls etal. (1994) for a critical
review).
It is well established that BCFs for neutral organic chemicals are positivel y correlated

with the K ow. However, K o is not a reliable parameter for predicting the BCFs of
surfactants. Due to their amphiphilic properties, surfactants form aggregates in solution

and have a tendency to accumulate at the interface of hydrophobic and h ydrophilic
phases. Surfactants can also emulsify the n  -octanol/water system, making the
measurement of logK o technically extremely challenging (Hodges etal. , 2019) . See

Section R.7.1 of the Guidance on IR&CSA for further details of how the K ow Can be
measured or estimated.

Log Kow determination is further complicated by the fa ct that su rfactants may form

micellesinwater (i . e. not dissolving exclusively as single
cannot be properly defined and is hard to measure. The maximum monomolecular

solubility is defined as the critical micelle concentra tion(CMC), with formation of micelles

occurring above this concentration. Although CMC is a commonly used surrogate for

water solubility, CMC s not an appropriate solubility threshold, as micelles themselves

are water -soluble (Hodges etal. ,2019) . Thiscan cause datain terpretation problems for

fishBCF tests , since the actual dissolved concentration of surfactant that the fish were

exposed to may be uncertain.

Indicators of bioaccumulation potential of surfactants

Instead of log K ow, Other properties such as the length of the alkyl chains (Kierkegaard et
al., 2021) and the number of oxyethylene units are thought to be more indicative of

uptake and bioaccumulation potential (Schlechtriem et al. , 2015). Other measures of
hydrophobicity  such as the critical micelle concentration (CMC) might be more

appropriatein some cases(  Roberts and Marshall, 1995; Tolls and Sijm,1995). However,
recentwork shows thatthere is no simple general linear relationship between BCF and

CMCof surfactants  (Schlechtriem etal. ,2015) ,soits userequiress ufficient evidence of
applicability and suitable justifica tion .

Due to their amphiphilic nature, the distribution and accumulation of surfactants in the

organism depends on their interaction with biological interfaces such as membrane
phospholipids, where they tend to absorb (Kierkegaard etal. ,2021; Schlechtriem etal. ,
2015) . Measured membrane lipid  -water partitioning/distribution ratios, K muw/D muw (or
Kmw ), could thus be suitable as a first step to predict the bioaccumulation potential of

surfactants. (Droge, etal., 2021 b). The phospholipid fraction of total fat in the whole

body of fish is estimated to be approximately 25% (Armitage e t al, 2013).
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lonised surfactants show low affinity for octanol (i.e. neutral storage lipids) and higher

affinity for membrane phospholipids due to favourable electrostatic interactions with
zwitterionic head groups (Droge, 2019; Droge etal. , 2021 b; Kier kegaard et al. , 2021;
Ribbenstedt etal. ,202 2). Membrane (phospho)lipids are the driving component of the
sorption of ionised surfactantsto tissues (Droge etal. ,2021 b). lonisedforms of organic
molecules in generalshow much slower membrane permeation (by passive diffusion)
than their neutral counterparts and their uptake is pH -dependent, insome cases leading

to ion trapping (Escher et al. , 2020; Ribbenstedt  etal. , 202 2).

There is currently nostandardi sed test guideline for the experimental determination of
Kmuw/D muw. The three . mostcommonly employed experimental methodsare: 1) dissolved
unilamellar liposomes, 2) lipid bilayers non -covalently coated on microporous silica and

3) covalently linked phospholipid mo nolayersonHPLC gradesilica  (Droge etal. , 2021 b).
For some strongly sorbing surfactants D vmiw May be difficult to derive experimentally
(Timmer and Droge, 2017)

Kmuw/D muw can also be predict ed using both atomistic  (Yordanova etal. , 2017) and

coarse -grained molecular dynamics simulation methods (Potter etal. , 2021) .
Commercial software packages can also predict the Kmuw/D muw (Droge, 2019; KI - amt et
al., 2008) .

Perfluoroalkyl surfactants have a specific affinity for certain proteins (e.g., serum

albumin , human pregnane X receptor ), can interact with membrane transporters and

havea low biotransformation  rate (Laietal. ,2020, Droge, 2019; Droge etal. , 2021 b).
This result s in higher bioaccumulation than anticipated by prediction from logK ow OfF
log Kmw/logD muw alone (Droge, 2019; Droge etal. , 2021 b; Schlechtriem etal. , 2015) .
Therefore ,BCFs estimated onthe basis of Kmuw/D muw predictions alone for p erfluoroalkyl
surfactants must be tr eated with caution.

Droge etal., (2021 b) showed that a BCF can be estimated for ionic surfactants by

multiplying D muw by the phospholipid fractionintissue, and for non -ionic surfactants by
multiplying D mw by the total lipid fraction . This simple correlation  can be useful for
screening purposes but not for definitive BCF determination since it does not consider
biotran sformation or binding to protein or muscle. Many straight alkyl chain surfactants

are readily metabolisedin fish ( Tolls and Sijm,1999; Tolls and Sijm , 2000; Comber et
al.,2003 ; Droge, etal.,2021 a;Dyer etal. ,2009) and so th ese regression models can
overestimatethe BCFs . Afewmodels such as BIONIC (Armitage etal , 2013) are now
available whichcan be applied to surfactants. Although there are some limitations, this

model has the ability to integrate some of this additional inf ormation (e.g.
biotransformation rates) into a refined in silico assessment of BCF. These canbe used as
partof a tiered modelling approach , if sufficient evidence of applicability and suitable
justification can be provided. The following information may be used in a weight -of -
evidence approachto justify that the surface active substance has a low potential for
bioaccumulation:

1 Information on the toxicokinetics in aquatic organisms (as for any other
substance type) ,appliedas partof modelling approach such as that outlined by
Armitage etal. (2013, 2017).

1 Membranelipid -water partition/distribution coefficient ( Kmuw/D muw) (Droge et al.
2021 b).
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Where alow potential for bioaccumulation cannot be sufficiently demonstrated, an
experimental study with aquatic organisms should be considered as a lastresort . It
should be considered whether an aqueousexposuretestis feasible or whether a dietary
study is more appropriate (OECD, 2017) and if invertebrate tests such as the Hyalella
bioconcentration test could be performedinstead of fish . Generally, the use of the kinetic
approach for PFASsbioaccumulation was critically discussed by Liu etal. , (2011). They

criticise the f act that the previous assumption
inappropriate inthe case of PFASbioaccumulation which appearsto follow an adsorption
rather than a partitioning model.

An additional factor to consider is tha t commercial surfactants tend to be mixtures of
chain lengths, each with its own BCF (Tolls, etal. , 1997 and 2000) . The guidance for

complexmixtures  (see R.7.13.2 and R.11.14.2.2 of Chapter R.11  of the Guidance on

IR&CSA) isthereforealso applicable for commercial surfactants. If tests areneeded it is
recommended that they should be done with a s ingle chain length where possible.

Organic substances that do not partition to lipid

Bioconcentration is generally considered as a partitioning process between water and

lipid, and other distribution compartmentsin the organism can usually be neglected (t he
water fraction may play a role for water -soluble substances (de Wolf et al. , 1994)).
However, proteins have been postulated as a third distribution compartment contributing

to bioconcentration (SCHER, 2005), and may be important for certain types of

sub stances (e.g. perfluorosulphonates, organometallic compounds such as alkyl - or
glutathione -compounds, forinstance methylmercury, methylarsenic, etc.). Evidencefor

such a role may be available from mammalian toxicokinetics studies.

Protein binding in bi  ological systems performs a number of functions (e.g. receptor
binding to activate and/or provoke an effect; binding for a catalytical reaction with
enzymes; binding to carrier - proteins to make transport possible; binding to
obtain/sustain highlocal conce ntrationsabove water solubility, such as oxygen binding
to haemoglobin, etc.). In some circumstances, binding may lead to much higher local
concentrations of the ligand than in the surrounding environment.

Nevertheless, the picture may be complicated bec ause the process is not necessarily
driven purely by partitioning (binding sites may become saturated and binding could be

either reversible or irreversible). Indeed, it has been postulated that measured BCFs

may be concentration dependantdue to proteinb inding (SCHER, 200 5). In other words,
bioconcentration is limited by the number of protein binding sites rather than by lipid

solubility and partitioning. Further work is needed to conceptuali se how protein binding
might give rise to food chain transfer across trophic levels, and assess its relative
contribution compared with other (lipids and water) distribution mechanisms.

In the absence of such studies, elimination studies can be useful for comparing half -lives
of substances thatmayaccumulat evia proteins withthose for other substances that are
known to be bioaccumulative.
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Appendix R. 7.10 -4 Quality criteria for data reliability of a (flow -through) fish
bioaccumulation study (Deleted)

OECD testguideline 3051, Il and lll give s clearinstructions  onhow afish bioaccumulation
study should be conducted. Thereforethe informationin this appendix has been deleted.
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R.7.11 Effects on terrestrial organisms
R.7.11.1 Intro duction

Substances introduced into the environment may pose a hazardto terrestrial organisms

and as such potentially have deleterious effects on ecological processes within natural

and anthropogenic ecosystems. Due to the complexity and diversity of the t errestrial
environment, a comprehensive effectassessment for the whole compartment can only

be achieved by a set of assessment endpoints covering (i) the different routes by which

terrestrial organisms may be exposed to substances (i.e. air, food, porewa ter, bulk -soil)
and (i) the most relevant taxonomic and functional groups of terrestrial organisms

(micro -organism, plants, invertebrates, vertebrates) being potentially affected (CSTEE,

2000). The scope of the terrestrial effect assessment under the adop ted REACH
regulation is restricted to soil organisms in a narrow sense, i.e. on non -vertebrate
organisms living the majority of their lifetime within the soil and being exposed to
substances via the soil pathway and in line with the previous practice in th e

environmental risk assessment of new and existing substances in the EU. The actual
scoping of the effectassessment for the terrestrial environment does not include (EU,
2003):

terrestrialinvertebrates living above -ground (e.g. ground dwelling beetles),
terrestrial vertebrates living a part of their lifetime in soils (e.g. mice),

groundwater organism (invertebrates and micro -organism), and

= = =4 =2

adverseeffectsonsoil functions thatare only indirectly linked to the biota in
soils (e .g. buffering capacity,formation of soil structure, water cycle etc.) It
should be stressed however that by addressing direct effects on soil biota,
potential effects on these soil functions indirectly addressed (see below).

As for terrestrial vertebrates living above -ground reference is made to the relevant
sections for mammals (  Sections R.7.2to R.7.7) and birds ( Section R.7.10.16 ).

The importance of assessing the potential adverse effects on soil organisms within the
environmental risk assessment of substances is at least two -fold:

First, thereis a generalconcern withregardto the exposure of soil organisms, as soils
are a major sink for anthropogenic substances emitted into the environment. This is
especially pivotalfor persistent substances with an inherent toxic potential, which may
accumulate in soils and the  reby posing a long -term risk to soil organisms. Second,
protection of specific soil organisms is critical due to their role in maintaining soil
functions, e.g.the breakdownof organic matter, formation of soil structure and cycling

of nutrients. Inviewo  f the latter, protection goals for soil can both relate to structure
(diversity and structure of soil organisms communities) and functions (ecosystem
functions provided by soil organism communities) of soil biota.

Valuable contributions forassessing the effect of a specific substance on soil organisms

may be obtained from endpoints such as physic 0-chemical properties (Section R.7.1)
and (bio -) degradation (Section R.7.9) providing information on the fate of the

substance. Inthe absence of experimental da taon soil organisms data can be used that

were generated on aquatic organisms (Equilibrium Partitioning Method, EPM);
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information requirementsforaquatic organismsunder REACH are addressed in Section
R.7.8. However, due to the high level of uncertainty regarding the area of validity of the
EPM, this approach should be limited to screening purposes only.

The complexity, heterogeneity and diversity of soilecosystems are the major challenge

when assessing potential adverse effects of substances on soilorg anisms. This holds true
both regarding soil as substrate, and thus exposure medium, and the biota communities

living in the soil. Spatial and temporal fluctuations in environmental conditions, i.e.

climate increase the complexity of assessing potential eff ects in soil.

Soil

If considered as an exposure medium soil is characterised by a highly complex, three -
phase system consisting of non -organic and dead organic matter, soil pore water and

pore space (soilair). Substances released to the soil system are ex posed to different
physical, chemical and biological processes that may influence their fate (e.g.

distribution, sorption/ de - sorption, transformation, binding and breakdown) and as such

their bioavailability (see below) and effects on soil organisms. More over, structure,
texture and biological activity greatly varies between different soil types and sites,

respectively and soil properties even mayalter due to changing environmental conditions

(e.g. changes in organic matter contentor amount of soil pores ).As aconsequence, the
comparability of fate and effect data between different soils is limited, making

extrapolations cumbersome. Hence, the selection of appropriate soils for biological

testing or monitoring procedures is a crucial step when assessing the effects on soil
organisms. Furthermore, standardisation of soil effect data to a given soil parameter

(e.g. organic matter content or clay content) is common practice.

Soil organisms

Typical soil organism communities in the field are highly diverse reg arding their
taxonomic composition and structuredby complex inter -relationships (e.g. food -webs).
Due to the diversity of species, a multitude of potential receptors for adverse effects of

toxic substances exist in soils differing in size, soil micro -habi tat, physiology and life -
history. Consequently, a set of indicators representing three soil organism groups of

major ecologicalimportance and covering allrelevant soilexposure pathways is required

fora comprehensive effect assessment of substances in s oils (see Table R.7.116 1).
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Table R.7.11 01 Major groups of soil organisms to be considered in effect
assessment

Organism group Ecological process Soil exposure pathway Important taxa

Plants Primary production Mainly soil pore water All higher plants
(by root uptake)

Invertebrates Breakdown of organic Diverse and multiple Earthworms,
matter uptake routes (soil pore springtails, mites
water, ingestion of soil
material, solil air,
secondary poisoning)

Formation of soil
structure

Micro -organisms Re-cycling of nutrients Mainly soil pore water Bacteria,
protozoa, fungi

Soil bioassay

Soil bioassays are at present the most important method to generate empirical
information on the toxicity of substances to soil organisms. Such bioassays are
conducted by exposing test organisms to increasing concentrations of the test substance

in soil, under controlled laboratory conditions. Short -term (e.g. mortality) or long -term
(e.g. inhibition of growth or reproduction) toxic effects are measured. Ideally, toxicity

testing results revealinformation on the concentration -effect relationship and allow for
the statistical derivation of defined Effect Concentrations (EC x, l.e. effective

concentration resulting in x % effect) and/ or No Observed Effect Concentrations
(NOEC). By convention, EC  « and NOEC values generated by internationally standardised
testguide lines (OECD, ISO) offerthe mostreliable toxicity data. However, only a limited
number of standard test guidelines for soilorganism are at presentavailable, a fact that
mirrors the generally limited data -base on the toxicity of substances towards soil
organisms.

Bioavailability

By addressing bioavailability of substances in soil, a potential method to deal with the
diversity and complexity of soils is provided. Bioavailability considers the processes of

mass transferand uptake of substances into soll -living organisms which are determined

by substance properties (key parameter: water solubility, K oc, vapour pressure), soll
properties (with key parameter: clay content, organic matter content, pH -value, cation
exchange capacity) and the biology of soil orga nisms (key parameter: micro - habitat,
morphology, physiology, life -span). The practical meaning for effectassessment of both
organic substances and metals is the observation that not the total loading rate, but only

the bioavailable fraction of a substance in soil is decisive for the observed toxicity.

Although being subject to extensive research activities in the past decade, there is
actually no general approach for assessing the bioavailability of substances in soils.

Major difficulties are the differenc es and the restricted knowledge about exposure
pathways relevant for soil organisms and the fact that bioavailability is time -dependent.
The | atter phenomenon is commonly described as a pr ¢

soil: Due to increasing sorption, binding and incorporation into the soil matrix,
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bioavailability and consequently toxicity changes (mostly decreases) with time.

Additional factors like climate conditions and land use may also influence bioavailability.
Nonetheless, bioavailability should be critically considered when interpreting existing soil
toxicity data as well as during the design of new studies.

R.7.11.1.1  Objective

The overall objective of the effect assessment scheme proposed in this section is to
gather adequate (i.e. reliable and relevant) information on the inherent toxic potential of
specific substances to soil living organisms in order to:

91 Identifyif, and if so, which of the mostrelevant groups of soilorganisms may
potentially be adversely affected by a specific substance when emitted into
the soil compartment, and to

1 Derive adefinite, scientifically reliable soilupper threshold concentration of no
concern (Predicted No Effect Concentration for soil - PNECsoil) for those
substances, for which adverse effects on soil organisms are to be expected.

Based onthe information and relevant toxicity data gathered during effect assessment,
the derivation of the PNEC s for a specific substance follows the general hazard

assessmentschemesas presentedin a flow -chartof Section R.7.11.6.3 . Comparison of
the PNEC s with the respective Predicted Environmental Concentration expected for soil
(PECs0i) fromrelevantemission scenarios will finally leadto a conclusion concerning the

risk to organisms living in the soil compartment (risk characterisation). A risk identified
on the basis of a PEC/PNEC comparison can demonstrate the need for a more refined

risk -assessment (either on the PEC or PNEC side), or i in cases where there are no
options for further refinement - to risk management decisions.
R.7.11.2 Information requirements

R.7.11.2.1 Standard information requirements

Article 10 of REACH presents the information that should be submitted for registration
and evaluation of substances. In Article 12 the dependence of the information
requirements on production volume (tonnage) is established in a tiered system,
reflecting t hat potential exposure increases with volume.

Annexes VIl -Xto REACH specify the standard information requirements (presented in

columnl). In addition, specific rules  for their adaptation (presented in column 2) are
included. These annexes set out the st andard information requirements, but must be
considered in conjunction with Annex XI to REACH, which allows variation from the
standard approach. Annex Xl to REACH contains general rules  for adaptations of the
standard information requirements that are est ablished in Annexes VIl to X.

Furthermore, generation of data for the PBT/vPvB assessment is required, where a
registrant, while carrying out the CSA, cannot draw an unequivocal conclusion on

whether the criteriain Annex Xlll to REACHare metor not and i dentifies that terrestrial

(soil) toxicity data would take the PBT/vPvB assessment further . This obligation applies
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for all O 10 t p(see CramerRiil rodthéd Guidance on IR&CSA  for further
details) .

The following represent the specific requirements related to terrestrial (soil) toxicity
testing:

Information requirements (column 1) and ru les for adaptation of the standard
information requirements (column 2) of the Annexes VII -X)
a) Annex VIl (Registration tonnage >1 t/y -<10 tly)

No terrestrial effects testing is required at this registration tonnage

b) Annex VIII (Registration tonnage > 10 tly)

No terrestrial effects testing is required at this registration tonnage

c) Annex IX (Registration tonnage >100 t/y)

Column 1 of this Annex establishes the standardinformation required for all substances
manufacturedor importedin quantities of 10 Otonnes or more in accordance with Article
12 (1) (d).

Column 1 Column 2

Standard Information Specific rules for adaptation from Column 1
Required

9.2.3. Identification of Unless the substance is readily biodegradable
degradation products

9.4. Effects on terrestrial 9.4. These studies do not need to be conducted if direct and indirect
organisms exposure of the soil compartment is unlikely.
In the absence of toxicity data for soil organisms, the equilibrium

partitioning method may be applied to a ssess the hazard to soil
organisms. Where the equilibrium partitioning method is applied to
nanoforms, this shall be scientifically justified. The choice of the
appropriate test  (s) shall be made on the basis of the results of the
chemical safety assessment

In particular for substances that have a high potential to adsorb to soil

or that are very persistent, the registrant shall propose or the Agency
may require long -term toxicity testing as referred to in Annex X instead
of short -term toxicity testing

9.4.1. Short -term
toxicity to invertebrates

9.4.2. Effects on soll
micro -organisms

9.4.3. Short -term
toxicity to plants
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Identification and/or assessment of degradation products

These data are only required if information on the degradation products following
primary degradationis required in order to complete the Chemical Safety Assessment.

BN

Column2: AUnless the substance is readily degradabl eo

In these circumstances, it may be considered that any degradation products formed
during such degradation would themselves be sufficiently rapidly degraded as not to
require further assessment.

Effects on terrestrial organisms

Column2: At hese tests do not need tandiflieectexposwewot t ed i f d
soi l compartment is unlikely. o

If there is no exposure of the solil, or the exposure is so low that no refinement of the
PECical Or PEC egional , Of PNEC soilorganisms IS required, then this test may not be necessary.
In general, it is assumed that soil exposurewilloccur unless it can be shown that there

is no sludge application to land from exposed STPs and that aerial deposition are
negligible and the relevance of other exposure pathways such as irrigation and/or
contact with con taminated waste is unlikely.

In the case of readily biodegradable substanceswhich are notdirectly applied to soil it is
generally assumed that the substance willnot enter the terrestrial environment and as

such there is no need for testing of soil organ isms is required. Furthermore, other
parameters (e.g.lowlog K oc/P ow) should be considered regarding the exposure pathway
via STP sludge. In case of aerialdeposition, other aspects such as photostability, vapour
pressure, volatility, hydrolysis etc, should be taken into consideration.

Column2: Al n the abs e nydatafofsoilbrganisns,the Equilibrium
Partitioning Method may be applied to assess the hazard to soil organisms. The choice of
the appropriate tests depends on the outcome of t

In the firstinstance, before new terrestri aleffectstesting is conducted, aPNEC soil May be
calculated from the PNEC  water using Equilibrium Partitioning. The results of this

comparison can be incorporated into the Chemical Safety Assessment and may help

determine which, if any of the terrestrial organismsdetailed in the standard information
requirements should be tested.

Column2: Al n particular f or substances that have a hi
that are very persistent, the registrant shall consider long - termtoxicity testing instea dof
short-t er m. 0

Some substances present a particular concern for soil, such as those substances that

show a high potentialto partitionto soil, and hence may reach high concentrations, or

those that are persistent. Inboth cases long -term exposure of te  rrestrial organisms is
possible and the registrant should consider whether the long -term terrestrial effects
testing identified in Annex X may be more appropriate. This is addressed in more detalil

in the integrated testing strategy in Section R.7.11.6 .
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d) Annex X (Redqistration tonnage >1000 t/y)

Column 1 of this Annex establishes the standardinformation required for all substances

manufactured or

imported in quantities of 1000

tonnes or more in accordance with

Article 12(1)(e). Accordingly, the information required in column 1 of this Annex is

additional to that required in column

Column 1

Standard Information Required

1 of Annex IX.

Column 2

Spec ific rules for adaptation from Column 1

9.4. Effects on terrestrial organisms 9.4. Long -term toxicity testing shall be proposed by
the registrant  or may be required by the Agency if the
results of the chemical safety assessment performed in
accordance with Annex | indicates thatitis needed to
further investigate the effects of the substance or of
transformation and  degradation products on terrestrial
organisms. The choice of the appropriate test(s) shall
be made on the basis of  the outcome of the chemical
safety assessment.
These studies do not need to be conducted if direct and
indirect exposure of the soil compartment is unlikely.

9.4.4. Long-term toxicity testing on

invertebrates, unless already provided as

part of Annex IX requirements.

9.4.6. Long -term toxicity testing on

plants, unless already provided as part

of Annex IX requirements.

Effects on terrestrial organisms

need not be conducted if direct

kely. o

Column2: AThese tests
compartment is wunli

If there is no exposure of the soll, or the exposure is so low that no refinement of the

PEGCoca Or PEC regionai , 0 PNEC soiiorganisms IS required, then this test may not be necessary.

In general, itis assumed that soil exposurewilloccur unless it can be shown that there
is no sludge application to land from exposed STPs and that aerial deposition are

negligible and the relevance of other exposure pathways such as irrigation and/or

contact with contaminated waste is unlikely.

In the case of readilybio  degradable substanceswhich are notdirectly applied to soil it is
generally assumed that the substance willnot enter the terrestrial environment and as
such there is no need for testing of soil organisms is required.

Column2: A L o 1tegmtoxicity testing shallbe proposedby the registrant if the results
of the chemical safety assessmentaccording to Annex | indicate the need to investigate
furtherthe effects of the substance and/or degradation products on soil organisms. The
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choice of the appropriate te st(s) depends on the outcome of the chemical safety
assessmento

These tests need not be proposedif there is no risk to the soil compartment identified in

the chemical safety assessment such that a revision of the PNEC soil IS NOt required.
Where further in  formation on terrestrial organism toxicity is required, either on the
substance or on any degradation products, the number and type of testing will be
determined by the chemical safety assessment and the extent of the revision to the
PNEGCsi required.

PB T/vPvB assessment

In the context of PBT/vPvB assessment |, if the registrant cannot derive a definitive
conclusion (i) (AThe substance does not f ulf
substance fulfils the PBT or v Pv Bssmentiugingthe a 0)
relevantavailable information, he must, based on Section 2.1 of Annex Xlll to REACH,

generate the necessary information for deriving one of these conclusions, regardless of

his tonnage band (for further details, see Chapter R.11 of the Guidance on IR&CSA ). In
sucha case, the only possibility to refrain from testing or generating other necessary
inf ormation is to t aséfisisaPBhoevPeBu bos t(ssrece hapter
Guidance on IR& CSA for details).

R.7.11.3 Information and its sources

Different types of information are relevant when assessing terrestrial exposure and
subsequenttoxicity to soil organisms. Usefulinformation includes chemical and physical

properties of substances and test systems as wellas available testing data ( invitro and
in vivo ) and results from non  -testing methods, such as the Equilibrium Partitioning

Method. Sources of ecotoxicity data including terrestrial data have beenlistedin Chapter
R3. Additional useful databases include US EPA ECOTOX database
(http://cfpub.epa.gov/ecotox/ ) and OECD Screening Information DataSet (S IDS) for
high volume chemicals

(http://www.chem.unep.ch/irptc/sids/oecdsids/indexchemic.htm ).

Physicaland chemical data on the test substance ca n assist with experimental design

and provide information on the endpoint of interest. The following information is useful
for designing the soil test and identifying the expected route of exposure to the
substance: structural formula, purity, water solubi lity, n -octanol/water partition
coefficient (logK ow), soilsorption behaviour, vapour pressure, chemical stability in water
and light and biodegradability.

R.7.11.3.1  Laboratory data
Non -testing data

There s limited terrestrial toxicity data available formostsub stances. In the absence of
terrestrial data, one optionis to generate Q(SAR) predictions. General guidance on the

use of (Q)SAR is provided in Section R.4.3.2.1 and specifically for aquatic (pelagic)

toxicity in Section R.7.8. Howeverat presentthereare no Q(SAR)sforsoil ecotoxicology
that have beenwellcharacterised. Forexample thereare afew Q(SAR)sforearthworms,

but these have notbeen fully validated ( van Gestel etal. , 1990). Therefore terrestrial

11
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endpoint predictions using Q(SAR)s should be carefully evaluated, and only used as part
of a Weight -of-Evidence approach (see Figure R. 7.11 6 1).

Grouping of substances with similar chemical structures onthe hypothesis that they will

have a similar mode of action is a method which has been used in the past to provide

non -testingdat a. The underlying idea is that when (testing -) effect -dataareavailable for

a substance within the (strwuctural similar) group,
toxicity of other substances inthe same group. This method has been successfully used

for PC Bs and PAHSs.

Another option is to estimate concentrations causing terrestrial effects from those

causing effects on aquatic organisms. Equilibrium partitioning theory is based on the
assumption that soil toxicity expressed in terms of the freely -dissolved substance
concentrationin the pore water is the same as aquatic toxicity. Further guidance on how

to use the equilibrium partitioning method is provided in Section R.10.6.1 of the
Guidance on IR&CSA as well as in the ITS in Section R.7.11.6 .

Testing data
In vitro data

There are no standardised test methods available at present, howeverthereare a range
of invitro soil teststhatmay have beenusedto generate terrestrial endpoint data, and

this information could be used as part of a Weight -of-Evidence approach (see Figure
R.7.11 0 1).Ausefulreviewof invitto t echni ques is provided in the CE
of sublethal ecotoxicological tests f or measuring

(Spurgeon et al. , 2004).
In vivo data

The officially adopted OECD and IS O test guidelines are internationally agreed testing
methods, and therefore should ideally be followed to generate data for risk assessments.

Further details have been provided in this section on the OECD and ISO standard test

guidelines which are recommen dedto testthe toxicity of substances to soil organisms.
However,there are arange of other standard and non -standard tests available, which
can also be used to generate terrestrial endpoint data. Appendix R. 7.11 -1 includes a
detailed list of terrestrial test methodologies, including several test methods that are

currently under development. The data fromnon - standardmethodologieswill need to be
assessed for their reliability, adequacy, relevance and completeness.

OECD and ISO Test Guidelines

i) Microbial Assays

Microorganismsplay animportantrole in the break -down and transformation of organic
matter in fertile soils with many species contributin gtodifferentaspects of soil fertility.
Therefore,anylong -terminterference with these biochemical processes could potentially
disrupt nutrientcycling and this could alter soil fertility. A NOEC/ECx from these tests

can be considered as along  -term re sult for microbial populations.
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Soil Micro -organisms, Nitrogen Transformation Test i OECD 216 (OECD, 2000a); ISO
14238 (1SO, 1997a)

Soil Micro -organisms, Carbon Transformation Test T OECD 217 (OECD, 2000b) ; ISO

14239(1SO, 1997b)

The carbon and nitrogen transformation tests are both designed to detect long -term
adverseeffectsof a substance on the process of carbon or nitrogen transformation in
aerobic soils over at least 28 days.

Formostnon -agrochemicals the nitrogen transform ationtestis considered sufficient as
nitrate transformation takes place subsequent to the degradation of carbon -nitrogen
bonds. Therefore, if equal rates of nitrate production are found in treated and control

soils, it is highly probable that the major ¢ arbon degradation pathways are intact and
functional.

Further ISO -standard methodologies are available, however since no corresponding
OECD guideline exists, these methods are less commonly used than the 2 microbial
assays mentioned above.

Determinationof  potentialnitrification, a rapid testby ammoniumoxidation T 1SO 5685
(ISO, 2004a)

Ammonium oxidation is the first step in autotrophic nitrification in soil. The method is

based on measurement of the potential activity of the nitrifying population as as sessed
by the accumulation of nitrite over a short incubation period of 6 hours. The method

does not assess growth of the nitrifying population. Inhibitory doses are calculated.

Determination of abundance and activity of the soil micro -florausingrespira  tioncurves i
ISO 17155 (ISO, 2002)

This method is used to assess the effect of substances on the soil microbial activity by
measuring the respiration rate (CO 2 productionor O » consumption). The substance may
kill the micro -flora,reducetheir activity, e nhancetheir vitality or have no effect (either
because the toxicity of the substances is low or some species are replaced by more
resistant ones). EC10/NOEC and EC50 are determined when toxicity is observed.

ii) Invertebrate Assays

Earthworm acute toxicit ytest I OECD 207 (OECD, 1984); ISO 11268 -1 (IS0, 1993)

The test is designed to assess the effect of substances onthe survival of the earthworms
Eisenia spp. Althoughthe OECD guideline provides details of a filter paper contact test,

this should onlybe  usedas ascreeningtest, as the artificial soil method gives data far
more representative of natural exposure of earthworms to substances without requiring
significantly more resources to conduct. Mortality and the effects on biomass are
determined after 2weeksexposure, andthese data are used to determine the median
lethal concentration (LC50). Although Eisenia spp. are not typical soil species, as they
tendto occur in soil richin organic matter, its susceptibility to substances is considered

to be re presentative of soilfauna and earthwormspecies. Eisenia spp. is also relatively
easy to culture in lab conditions, with a short life cycle, and can be purchased
commercially.



Chapter R.7c: Endpoint specific guidance

144 Version 4.0 i December 2023
Earthworm reproduction test I OECD 222 (OECD, 2004a); 1SO 11268 -2 (IS0, 1998)
The effects of substancesonthe reproduction of adult compost worms, Eisenia spp. is

assessed over a period of 8 weeks. Adult worms are exposed to a range of
concentrations of the test substance mixedinto the soil. The range of test concentrations

is sele cted to encompass those likely to cause both sub -lethal and lethal effects.
Mortality and growth effects on the adult worms are determined after 4 weeks of
exposure, and the effectson reproduction assessed after a further 4 weeks by counting

the number of  offspring presentinthe soil. The NOEC/ECXx is determined by comparing
the reproductive output of the worms exposed to the test substance to that of the
control.

Enchytraeid reproduction test T OECD 220 (OECD, 2004b) ; ISO 16387 (ISO, 2004b)

Enchytraeids aresoildwelling organisms thatoccur ina wide range of soils, and can be
used in laboratory tests are well as semi -field and field studies. The OECD guideline
recommendstheuseof  Enchytraeus albidus ,whichis easy to handle and breed and their
generat iontime is significantly shorterthan that of earthworms. The principle of the test

is the same as for the earthworm reproduction test: adult wormsare exposedto a range

of concentrations of the test substance mixed into the soil. The duration of the

rep roductive testis 6 weeks, and mortality and morphological changes in the adults are
determined after 3weeks exposure. The adults are then removed and the number of
offspring, hatched from the cocoons in the soil is counted after an additional 3 weeks

exp osure. The NOEC/ECx is determined by comparing the reproductive output of the
worms exposed to the test substance, to the reproductive output of the control worms.

Inhibition of reproduction of Collembola (Folsomia candida) T 1SO 11267(1SO, 1999a)

Collembo lans are the most numerous and widely occurring insects in terrestrial
ecosystems. This is one of the main reasons for why they have been widely used as
bioindicators and test organisms for detecting the effects of environmental pollutants.

The ISO guideli ne recommends the use of Folsomia candida , which reproduces by
asexualreproduction and resides primarily in habitats rich in organic matter such as pot

plants and compost heaps. Atreated artificial soilis used as the exposure mediumand a
NOEC/ECx for s urvival and off -spring production is determined after 21 days.

iii) Plant Assays

The most suitable standard methodology for plants to be used for industrial substances
that are likely to be applied via sewage sludge is OECD 208 (OECD, 2006a) guideline,
whi ch assessesseedling emergence and seedling growth. The second standard method
OECD 227 (OECD, 2006b) is more suitable for substances that are likely to deposit on
the leaves andabove -ground portions of plants and through aerial deposition. There is
also arecent ISO test guideline 1ISO 22030 (ISO, 2005a)), which assesses the chronic
toxicity of higher plants.

Terrestrial Plant Test: Seedling emergence and seedling growth test i OECD 208 (OECD
2006a); 1ISO 11269 -2(1SO, 2005b)

The updated OECD guideline is de  signedto assess the potential effects of substances on
seedling emergence and growth. Therefore, it is specific to a partof the plants life -cycle
and does not cover chronic effects or effectson reproduction, however it is assumed to
coverasensitivest ageinthe life -cycle ofaplantand therefore data obtained form this
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study have been used as estimates of chronic toxicity. Seeds are placed in contact with
soil treated with the test substance and evaluated foreffects following usually 14 to 21
days af ter50% emergence of the seedlings in the control group. Endpoints measured
are visualassessment of seedling emergence, dry shootweight (alternatively wet shoot
weight) and in certain cases shoot height, as well as an assessment of visible
detrimental ef fects on different parts of the plant. These measurements and
observations are compared to those of untreated control plants, to determine the EC50
and NOEC/EC10.

Terrestrial plant test: Vegetative vigour test i OECD 227 (OEC, 2006b)

This guideline is desi  gnedto assess the potential effects on plants following deposition of
the testsubstance onthe leaves and above - groundportions of plants. Plants are grown
fromseed usually to the 2 -4true leaf stage. Testsubstance is then sprayed on the plant
and leaf surfaces atanappropriaterate. After application, the plants are then evaluated
against untreated control plants for effects on vigour and growth at various time
intervalsthrough21  -28days aftertreatment. Endpoints aredry or wet shoot weight, in

cer tain cases shoot height, as well as an assessment of visible detrimental effects on
different parts of the plant. These measurements are compared to those of untreated
control plants.

Soil Quality T BiologicalMethods 1 Chronic toxicity in higher plants T 1SO 22030 (IS0,
2005a)

This ISO testguideline describes a method for determining the inhibition of the growth

and reproductive capability of higher plants by soils under controlled conditions. Two

species are recommended, arapid cycling variant of turnip rape ( Brassica rapa ) and oat
(Avenasativa ).The durationof the tests has been designed to be sufficient to include

chronic endpoints that describe the reproductive capability of test plants compared to a

control group. The chronic toxicity of substances can be measured by preparing a
dilution series of the test substance in standard control soils.

R.7.11.3.2 (semi -) Field data

Field tests are higher tier studies which provide an element of realism but also add

complexity ininterpretation. There are very fewstanda rdised methods for evaluating the
ecotoxicological hazard potential of substances in terrestrial field ecosystems. An

example of such guidance which has frequently been used is the ISO guideline 11268 -3
for the determination of effects of pollutants on ear thworms in field situations (ISO,
1999b) This approach aims to assess effects on population size and biomass for a

particular species or group of speciesand there is guidance summarising the conduct of

such studies (de Jong et. al. 2006).

Gnotobiotic laboratory tests

Gnotobiotic laboratorytests are relatively similar to single -speciestestand are run under
controlled conditions. Usually a few species (2 -B), either from laboratory cultures or
caught in the field are exposed together in an artificial or (often sieved) field soil.

Recently much work has been done with a gnotobiotic system called the Ohio type
microcosm(Edwards etal. , 199 7), which ranges in complexity between laboratory tests
and terrestrial model ecosystems (CSTEE, 2000).
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Terrestrial microcosms/mesocosms

Terrestrialmicrocosms/mesocosms can be used as integrative test methodsin which fate
and effect parametersare investigated atthe same time and under more realistic field

conditions. The Terrestrial Model Ecosystem (TME) isthe only multi  -speciestestthat has

a standardisedguideline (ASTM, 1993). TMEs are smallenough to be replicated butlarge

enoughto sustain soil organisms for along period of time (R6mbke etal. , 1994). TMEs

canbe used to address the effects on eco system structure and function which is not

usually possible with single species tests. When TI
laboratory, they use intact soil cores extracted from a field site and therefore contain

native soil communities. The degreeof e nvironmental relevance of these
therefore intermediate between laboratory and field studies.

Typically, in TMEOGs after adrepicateslare tremtedwstrat i on peri o
increasing concentrations of the test -substance or left untrea  ted as controls. They are

then sampled at intervals for structural (plant biomass, invertebrate populations) or

functional (litter decomposition, microbial activity) parameters. Such an approach may

provide alink to effectsto the field but under more con trolled conditions (Knacker etal. ,

2004). The statistical analysis of TME data is dependent on the number and inter -

relatedness of the endpoints measured. If there are many endpoints measured a

multivariate analysis to derive a single effect threshold for the whole system may be
appropriate. Due to the complexity of the-sditata obt ai

all o statistical me t-pootd fromdhesg studies cannad be rovitled.
Expert judgement is required.

Field Studies

Atpresentt here areno standardised test methods for designing field studies to assess
the hazard potential of substances for multiple species. As suchfield study methodology
tends to be specifically designed tests for a particular substance and is difficult to

repr oduce. Doseresponserelationshipsare often lacking (CSTEE, 2000). However, field
studies are the most accurate assessment of the impact of a substance on soil function
and structure under natural climatic conditions.

R.7.11.4 Evaluation of available information for a given substance

Existing relevant soil organism data may be derived from a variety of sources. Data

used in the risk assessments according to Council Directive 91/414/EEC and Council
Regulation (EEC) No. 93/793 are considered to be of high quality and preferred over
data available fromother sources. The next highest quality category is wellfounded and
documenteddata. These data should compromise a conclusive description of e.g. test
conditions, tested species, test duration, examined endpoint(s ), references, preferably
be conducted according to the principles of Good Laboratory Practice, as well as a
justification why the provideddata should be used. Further data of lower priority may

be provided from publishes literature, and data retrieved f rom public databases.
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R.7.11.4.1  Evaluation of laboratory data
Non -testing data

Preferably PNEC values should be derived using testing for the substance under

evaluation  but such data are not always available. If data can be derived via

extrapolation based on information from similar substances, e.g. using QSAR or SAR

models, then these may be used as supportive evidence and to advice on how to

proceed with furthertesti ng. For the terrestrial ecosystems there are no OECD or ISO
guidelines on (Q)SAR models, although some simple models have been published in the
openliterature e.g. van Gesteland Ma (199 3),Xu etal. (2000), Wang etal. (2000) and
Sverdrup etal. (2002). In general, if the models indicate little toxicity for a substance
basedoninformation from similar substances, this can imply reduced testing; expert
judgement is required in these cases.

If no terrestrialdata exist, read -across from available aquatic toxicity data, using the
EPM method can be considered, as supportive evidence. If there is an indication that a
specific group of aquatic organism is more sensitive then other groups e.g. if aquatic

plants display a lower EC50than Daphnia, thenfurtherte sting of terrestrial plants may
be mostappropriate. Care should be taken as the aquatic test does not cover the same

species groups as in the terrestrial system.

For more extensive modelling the guidance describedin Sections R.6.1and R.6.2 should
be fol lowed.

Testing data

Test organisms

In generalpriority is givento testorganisms specified in the OECD and ISO guidelines.
Species tested under other officialand peer -reviewed guidelines e.g. ASTM can also be
employed, but their relevance should be exam ined.

Non - standard species can also be accepted. However, when employing these in deriving

PNEC in the absence of standardstudies, it should be ascertained that the test -speciesis
properly identifiedand characteri sed,andthatthe test method is suitab le and complies
with the standard guidelines in critical points. For example, recovery of the control

animals or survivalin the control, maximumlevel of variability in test results, exposure

duration, endpoints studied should comply with those specified in the official test
guideline. In generalthe same criteria as described for test species selected according

the official guidelines should be applied.

The test species should ideally cover dif ferent habitats and feeding modes in the soil as

wellas diffe renttaxonomic groups. For strongly adsorbing or binding substances soil -
dwelling organisms that feed on soil particles (e.g. earthworms) are most relevant.

However, also a specific mode  -of -action that is known for a given substance may

influence the choic e of the testspecies (e.g. for substances suspectedof having specific

effects on arthropods a test with springtails is more appropriate than tests on other

taxonomic groups).

If a concernis raised onthe relevance of a species then an expert should be ¢ onsulted.
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Endpoints

In generalpriority is given to test endpoints specified in the OECD and ISO guidelines,

unless a special mode -of -action is known. Endpoints under other official and peer -
reviewed guidelines e.g. ASTM can also be employed, but their re levance should be
considered.

Non - standard endpointscan also be accepted. However, these should be evaluated in

relation to ecological relevance and must be properly identified and characteri sedin
order to ensure thatthe endpoint is suitable and compli es with the guidelines in critical
points. For example, if the guideline requires sub -lethal endpoints for a species after
long -term exposurethenthe corresponding non -standard endpoint should be sub -lethal
and comply with the general outlines specified i n the standard test guideline. If non -
standard endpoints are very differentfrom the standard endpoints then these must be
scientifically justified. For example, an endpoint can be particular sensitive or targeted to

the mode -of -action for the substance in question. Screening endpoints such as
behaviouralresponses,i.e. avoidancetesting should not be interpreted in isolation. The

criteria for reliability, e.g. uncertainty of non -standard endpoints should comply with
those of standard endpoints.

If a concernis raised onthe relevance of a species then an expert should be consulted.

Exposure pathways

In general, exposure pathway should be as specified in the OECD and ISO guidelines,
unless special pathways should be considered.

Non-standard test can also be accepted. If non  -standard data are available then it

should be considered whether the characteristics of the test substance scientifically

justify the chosen exposure pathway. The exposure route is partly dependent on the

physic o-chemicalnatur e of the substance and also influenced by species -specific life -
strategy of the test organism. For strongly adsorbing or binding substances, preference

should be given to test designs and test organisms that coverthe exposure via ingestion
orstrongsoil particle contact, as thisis likely the mostrelevantexposureroute for such
substances. As mentioned in Section R.7.11.3 . some standard test metho  dologies
include species with food exposure (earthworm reproduction, Enchytraeids and

Collembola) while others have contact exposure only.

If a concernis raised onthe relevance of the exposureregimethen an expert should be
consulted.

Composition of soi _Is and artificial _-soils

In general, soils in effect testing should be chosen as specified in the OECD and ISO
guidelines, unless special conditions are considered.

Non - standard soils can also be accepted. For soils the composition and the choice of soil

type have a very large influence on the toxicity of many substances. Hence, if non -
standard soils are used it should be considered whether the soil chosen represent a

realistic worst -case-scenariofor the tested substance. For most substances there is a

lack of detailed knowledge about how the toxicity depends of the soil parameters; as
suchthereis little reasonto judge the reliability of available data solely based onthe site
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of origin/geography. In general the main parameters driving the bioavailabili ty of
substancesin soils are clay and organic matter (OM) content, Cation Exchange Capacity

(CEC) and pH. For many metals CEC and pH have been shown to be main drivers,
whereas for non -polar organics OM has been shown important. For non -standard
artificia 1soil the source of organic matter can also heavily influence the result. Hence, if

one of the soil parameters e.g. CEC or pH is very different from those outlined in the
guideline or the habitat in question, then a scientific justification of the importa nce of
this derivation should be presented. Residual contaminants are generally not present in
artificial substrates, but can be a potential confounding factor if natural soils are used for

testing. This affects exposure considerations and is further descr ibed in Section
R.7.11.4.2 .

If a concernisraised onthe relevance of a species then an expert should be consulted.

Method of spiking

In general s oil tested should be as spiked as specified in the standard OECD and I1ISO
guidelines, unless special conditions are considered.

If non -standard spiking methods are used, these should be scientifically justified. In
generalthere are a variety of spiking me thodsincluding direct addition of the substance
to soil, using water or a solventcarrier, application via sludge or direct spraying. Spiking

soils tends to be problematic for poorly soluble substances (see also Aquatic Toxicity
SectionR.7.8.7. ).Thesta ndardapproach is to dissolve the test substance in a solvent
and thento spike sand, blow -off the solvent and mix the sand into soil using different
ratios of sand/soil to derive various test concentrations. The drawback with this

technigue is that even a  fter hours/days of mixing, the substance may not be
homogeneously mixed to the soil, but merely present as solid particles on the original
sand. In some cases studies will have been carried out with the use of solubilisers. In
these circumstances itis imp ortantto consider the change in bioavailability of the test -
substance and also the potential impact of the solubiliser. Studies performed without
solvents/solubilisers are preferred over studies with solvents/solubilisers.
Solvent/solubiliser concentratio ns should be the same in all treatments and controls.

Bio - availability of substances in soil is known to change over time, aging of the

substance in the soil after spiking (with or without solvents) is therefore to be

considered. The appropriateness of th e aging in studies to derive effect -endpoints
depends on the use scenario and the type of risk assessment conducted with this

endpoint. Expert judgement is as such required here. For metals and inorganic metal
substances both shortaging/equilibration time s and high spiked metal concentrations in
soils will accentuate partitioning of metals to the dissolved phase and increase the

probability of exposure and/or toxicity via dissolved metals (Oort s et al. , 2006).
Simulated aging and weathering processes may be desirable to take account of, but
currently this is not included in standard test protocols.

Where areasonable estimationof the exposure concentration cannot be determined then
the testresultsho  uld be considered with caution unless as partof a Weight - of - Evidence
approach (see Section R.7.11.5 ).
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Duration of exposure

In general, the test duration should be as specified in the standard OECD and ISO
guidelines, unless special conditions are considered.

For non -standard test methodologies it is important to ensure that the duration of

exposure in the test is long enough for the test substanc e to be taken up by the test
organisms. In chronic tests the duration should cover a considerable part of the lifecycle.
Especially for strongly adsorbing substancesit may take some time to reach equilibrium
between the soil concentration in the test syst em and in the test organisms. If the
duration of the exposure is different from those in the corresponding guidelines, a

scientific justification forthe importance of this should provided or the study can be used

in the Weight of Evidence

If a concernis raised onthe relevance of a speciesthen an expert should be consulted.

Feeding

In general the soil type and soil conditions used for the test should be chosen as
specified in the OECD and ISO guidelines, unless special conditions are required.

In long -termtests, especially with reproduction or growth as endpoint, feeding of the
testorganisms is necessary. Generally the tests are designedin such a way that the food

necessary forthe test organismsduring the study is added to the soil after spiking wit h
the test substance. In standard test methodology, the food is not spiked with the test

substance. Fornon -standard methods the food type depends on the test species. It has

to be consideredthatany food added to the test system either periodically durin g the
test period or only at testinitiation may influence outcome of the study and as such the

reliability of the data obtained.

Ad-libitum feeding, or the lack of such may influence the state of health of the test
organisms and as such their ability to cope with (chemical -) stress. Different feeding
regimes are therefore a source of variation on the expression of the effect parameter.

Test design

In general the test  -design should be as specified in the standard OECD and ISO
guidelines, unless special ¢ onditions are required.

For standard test methodologies details of testdesign are normally welldocumented. To
ensurethe validitynon  -standard test methodology, these should to a large extend follow
the specifications outlined in the standard guideline tests e.g. including sufficient
concentrations and replications and positive and negative controls. For a proper

statistical evaluation of the test results, the number of test concentrations and replicates

per concentrationare critical factors. If a solv ent is used for the application of the test
substance, an additional solvent control is necessary. The appropriate number of
replicates to be included in a testis dependentonthe statistical power required for the

test. More guidance on statistical desig n is provided in the OECD (2006c). It is not a
prioripossible, to advice on what test design details are of key importance and which
canbe allowedto be missing before validity of the results becomesequivocal. If relevant
information ontestdesignis m issingin non -standardtestthenthey can only be used in
a Weight - of -Evidence approach.
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R.7.11.4.2  Field data and model ecosystems
Multi - species test

There are no OECD or ISO guideline on terrestrial multi -species test systems.

Since not standardi  sed and given their complexity multi - species test should be judged on

a case -by -casebasis and expert judgement is necessary to fully interpret the results.

Several test -designs and evaluation of these have been published, ranging from

standardi sedgnotobiotic systems(Cortet etal. , 2003) to tests including indigenous soils

and soil populations (Parmelee etal. , 1997, Knacker and van Gestel 2004). Fixed trigge r
values for acceptability of effectsare notrecommended as the impact of treatments can

be significantly different depending on the test design. However, laboratory based multi -
species studies should in generalbe giventhe same general consideration as the single
species test, e.g. with regard to reliability and relevance. For terrestrial model

ecosystems there may be a large natural variation inherent in the test systems

comparedto single species test. To address diversity and species interaction the m ulti -
test systems should contain sufficient complexassemblages of species with diverse life

strategies. In assessing the reliability of results from a model -ecosystems special
attention should be given to the statistical evaluation and the capability of t he test
designto identify possible impact. Effects observed through time, whether permanent or

transitory should be explored. Combinations of both univariate and multivariate analyses

are preferred; guidance can be obtained from Morgan and Knacker (1994), van den
Brink and Braak (1999), Scott -Fordsmand and Damgaard (2006).

Field testing

In field trials, population level effects as opposed to effectsonindividuals are the desired

goal or endpoint of the studies. The population effect on a species or group of species
including time to recover should be analysed in comparison to control plots. Fixed

trigger values for acceptability of effects are not recommended, as the impact of

treatments can be significantly differentfor dif ferent organisms. Biological characteristics
such as development stage, mobility of speciesand reproduction time can influence the

severity of effects. Thus acceptability should be judged on a case -by - case basis and
expertjudgementis necessary to fully interpret field study results . Where significant
effects are detected the duration of effects and range of taxa affected should be taken

into consideration (Candolfi et al. , 2000).

R.7.11.4.3 Exposure considerations for terrestrial toxicity

Before their use the exposure data should be validate din respectof their completeness,
relevance and reliability. Guidance on how to evaluate exposure data will be developed

in SectionR. 5.1 . Consideration should be givento whether the substance being assessed

can be degraded, biotically or abiotically, t o give stable and/or toxic degradation
products. Where such degradation can occur the assessment should give due
consideration to the properties (including toxic effects) of the products that might arise.

R.7.11.4.4  Remaining uncertainty

Soilis a very heterogeneous environment compartment where abiotic parameters and
soil structural conditions can vary within very short distances; these introduce an extra
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dimension of variability into soil test. Therefore it is important to have a good

characterisation of the media chosen in the test. In addition there is usually a larger
variation around the individual results than from other media. For non - standard teststhe
variation in the toxicity results should be comparable to the one required in standard

tests.

The available standardi sedtestmethods only dealwitha fewtaxa of soil invertebrates.
Therefore, not all specific effects of substances onthe wide range of organisms normally
presentin soil may be coveredby the available test methods. As these organisms may
play a nimportantrole in the soil community, it may be relevant to consider results from
non - standardtest designs in completing Chemical Safety Assessment. Further standard
test methods may be developed and a need may exist to revise the soil safety
assessment concept accordingly in future.

R.7.11.5 Conclusions on fAEffects on Terrestri al Or

R.7.11.5.1  Concluding on suitability for Classification and Labelling

Soiltoxicitydata are generallynotused for classification and labelling as hazardous to
the aquatic environment ( Annex | to the Regulation (EC) No 1272/2008) . However,
with the amendment of CLP Regulation (Commission Delegated Regulation 2023/707,
enteredintoforce in April 2023) , results from long -term toxicity testing on terrestrial
organisms , invertebratesandplants , are consideredforthe assessment of T properties

(as partof Persistent, Bioaccumulative and Toxic properties, or Persistent, Mobile and

Toxic properties).

R.7.11.5.2  Concluding on suitability for PBT/vPvB assessment

There is a potential use for both short -term and long -term soil toxicity data in
determining the Toxicity component of PBT. However, there are currently no criteria
included in  Section 1.1.3 of Annex Xlll to REACH for soil toxicity and thus no specific
data requirements.

Where data exist showing short or long -term toxicity to soil organisms using standard

tests on soil invertebratesor plants, these should be considered along with other data in

a Weight -of-Evidence approach to the toxicity criteria (Sectio n 3.2.3 of Annex XIII to
REACH).

R.7.11.5.3  Concluding on suitability for use in Chemical Safety
Assessment

Soil toxicity data are usedin the chemical safety assessment to establish a PNEC soil AS
partof a quantitative assessment of risk to the soil compartment. | deally, this will be
calculated based on good quality data fromlong -termtoxicity studies on soil organisms
covering plants, invertebratesand micro -organisms. Where such data existfrom studies
conducted to standardised internationally accepted guideline s, these may be used
directly to establish the PNEC .

It mustberecogni sed,however, thatthese type of data are rarely available, and may
not be needed to characteri  se the risk for soil. In defining what can be considered as














































































































































































































































































































































































