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ANNEX 1: EU RAR for DINP, section on toxicity to reproduction

ADDENDUM: Attachment I Di-isononyl phthalate (DINP) — Substance Identity Information
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Part A.

1 PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLING

1.1 Substance

Table 1: Substance identity

Substance name: 1,2-benzenedicarboxylic acid, di-C8-10-
branched alkylesters, C9-rich; [1]

di-“isononyl” phthalate; [2]

[DINP]
EC number: 271-090-9 [1] and 249-079-5 [2]
CAS number: 68515-48-0 [1] and 28553-12-0 [2]
Annex VI Index number: Substance not listed in Annex VI
Degree of purity: 100%

Impurities:

The substance is generally known as DINP. Two different types of DINP are available on the market
covering two CAS numbers with variable composition of the alkyl chain backbones. The two alkyl
chain backbones are either mainly CgH17 to C1oH21 isomers (1,2-benzenedicarboxylic acid, di-C8-10-
branched alkylesters, C9-rich) or CoH19 isomers (di-“isononyl” phthalate) (ECPI 2014). Under the
EU risk assessment these substances have been considered equivalent from a health and
environmental perspective and a single risk assessment has thus been conducted for DINP.
Throughout this report the abbreviation DINP will be used as a common name representing both CAS
numbers.
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1.2 Harmonised classification and labelling proposal

Table 2: The current Annex VI entry and the proposed harmonised classification

CLP Regulation

Current entry in Annex VI, CLP None
Regulation

Current proposal for consideration | Repr. 1B; H360Df
by RAC

Resulting harmonised classification | Repr. 1B; H360Df
(future entry in Annex VI, CLP
Regulation)
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1.3 Proposed harmonised classification and labelling based on CLP Regulation

Table 3: Proposed classification according to the CLP Regulation
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CLP Hazard class Proposed Proposed SCLs Current Reason for no
Annex | classification | and/or M-factors | classification ¥ classification 2
ref
2.1. Explosives None None Not assessed in
this dossier
2.2. Flammable gases None None Not assessed in
this dossier
2.3. Flammable aerosols None None Not assessed in
this dossier
2.4. Oxidising gases None None Not assessed in
this dossier
None None Not assessed in
2.5. Gases under pressure this dossier
2.6. Flammable liquids None None Not assessed in
this dossier
2.7. Flammable solids None None Not assessed in
this dossier
28 Self-reactive substances and | None None Not assessed in
o mixtures this dossier
s None None Not assessed in
2.9. Pyrophoric liquids this dossier
; ; None None Not assessed in
2.10. Pyrophoric solids this dossier
211 Self-heating substances and None None Not assessed in
R mixtures this dossier
Substances and mixtures N N Not assessed in
2.12. which in contact with water one one this dossier
emit flammable gases
213. | Oxidising liquids None None Not assessed in
this dossier
2.14. Oxidising solids None None Not assessed in
this dossier
; : None None Not assessed in
2.15. Organic peroxides this dossier
Substance and mixtures None None Not assessed in
2.16. . : ;
corrosive to metals this dossier
3.1. Acute toxicity - oral None None Not assessed in
this dossier
Acute toxicity - dermal None None Not assessed in
this dossier
Acute toxicity - inhalation None None Not assessed in
this dossier
3.2. Skin corrosion / irritation None None Not assessed in
this dossier
33 Serious eye damage / eye None None Not assessed in

irritation

this dossier
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CLP Hazard class Proposed Proposed SCLs Current Reason for no
Annex | classification | and/or M-factors | classification ? | classification
ref
3.4. Respiratory sensitisation None None Not assessed in
this dossier
3.4. Skin sensitisation None None Not assessed in
this dossier
3.5. Germ cell mutagenicity None None Not assessed in
this dossier
. .. None None Not assessed in
3.6. Carcinogenicity this dossier
. - Repr. 1B; None
3.7. Reproductive toxicity H360Df
Specific target organ toxicity None Not assessed in
3.8. - None : -
—single exposure this dossier
Specific target organ toxicity None Not assessed in
3.9. None X -
— repeated exposure this dossier
3.10. | Aspiration hazard None Not assessed in
this dossier
Hazardous to the aquatic None Not assessed in
4.1. . None - .
environment this dossier
5.1. Hazardous to the ozone layer| None None Not assessed in

this dossier

D Including specific concentration limits (SCLs) and M-factors
2 Data lacking, inconclusive, or conclusive but not sufficient for classification

Labelling:

Pictogram with signal word: GHSO08 (danger)

Hazard statements: H360Df;

Precautionary statements: Not part of Annex VI entry

Proposed notes assigned to an entry: None

2

2.1

BACKGROUND TO THE CLH PROPOSAL

History of the previous classification and labelling

A harmonised classification of DINP has not previously been discussed under the CLP Regulation.
In 2003, it was concluded that classification was not justified according to the criteria of Directive
67/548/EC and based on the information available at that time (European Chemicals Bureau 2003a).

The substance is registered under REACH with the following volumes: CAS 68515-48-0: 100,000-
1,000,000 tonnes/year, CAS 28553-12-0: 100,000-1,000,000 tonnes/year. Neither of the two DINP

variants has been self-classified by the registrants.
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2.2 Short summary of the scientific justification for the CLH proposal

The available data summarised below show that DINP causes developmental toxicity and indicate
toxicity to reproductive organs potentially leading to fertility effects. These effects are considered to
be specific and not secondary non-specific consequences of other toxic effects.

DINP induces effects on the developing male reproductive system. Key findings in animal studies on
reproductive effects of DINP are:

a) Structural abnormalities: skeletal effects (rudimentary ribs) were seen two developmental
toxicity studies (Hellwig et al., 1997;Waterman et al., 1999) (1000 mg/kg bw/day),

b) Effect on altered growth: decreased body weight in offspring in a two-generation study
(Waterman et al, 2000) (from 159 mg/kg bw/day),

c) Functional deficiency: dose-dependent long-lasting decrease in sperm motility in rat offspring
exposed perinatally (Boberg et al., 2011) (from 600 mg/kg bw/day),

d) Structural abnormalities: increased nipple retention and decreased anogenital distance in
infant or prepubertal male rats exposed perinatally (Boberg et al., 2011; Gray et al., 2000, Lee
et al., 2006; Clewell et al., 2013b) (mostly from 750 mg/kg bw/day),

e) Structural abnormalities: increased incidence of permanent changes (permanent nipples,
malformations of testes and epididymis, histological changes in testes and epididymides) in
rats exposed perinatally (Gray et al., 2000; Masutomi et al., 2003) (at 750 and 1165 mg/kg
bwi/day, respectively),

f) A comparable pattern of adverse effects and of mode of action as seen for other phthalates
classified as reproductive toxicants in category 1B, e.g. DEHP, DBP, DIBP and BBP (Boberg
etal., 2011; Borch et al., 2004; Hannas et al., 2011; Clewell et al., 20133, Li et al., 2015).

These findings all demonstrate a developmental toxicity effect of DINP, i.e. an effect on offspring of
exposed dams. It may be noted that a study on prenatal exposure to DINP showed no effect on AGD
at gestation day (GD) 20, and a study on perinatal exposure to DINP, revealed decreased anogenital
distance (corrected by body weight) only at PND 14 and not PND 2, and revealed no change in nipple
retention and no/few permanent malformations of reproductive organs (Clewell et al., 2013a; Clewell
etal., 2013b). Two other studies showed no effect of DINP on anogenital distance, although testicular
effects were described in offspring (Masutomi et al., 2003, Li et al., 2015). The statistical power of
these two studies was low due to small group sizes which may explain the lack of effect on anogenital
distance (Masutomi et al., 2003, Li et al., 2015).

Furthermore, there is evidence of adverse effects on male reproductive organs with possible
consequences for fertility. Key findings for effects of DINP on fertility are:

g) reduced absolute and relative testes weights at high doses in a 2-year study in mice (Aristech
Chemical Corporation, 1995) (742 and 1560 mg/kg bw/day), and at higher doses in studies
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with shorter durations of exposure, i.e. a 4-week study in mice (Hazleton 1991) (1377 mg/kg
bw/day), and a 13-week study in mice (Hazleton 1992) (2600 and 5770 mg/kg bw/day),

h) reduced sperm count and effects on sperm motion parameters after 28 days of exposure of
juvenile rats (Kwack et al., 2009) (one dose only, 500 mg/kg bw/day),

i) dose-dependent long-lasting reduced sperm motility in rats exposed perinatally (Boberg et al.,
2011) (from 600 mg/kg bw/day),

Sperm parameters were not examined in any other repeated dose study or in parental animals in the
one- or two-generation studies. In contrast to the reduction in testes weights in other studies at high
doses, increases in parental absolute and relative testis and epididymis weights were seen at 1100
mg/kg bw/day in a one-generation study in rats (Waterman et al., 2000). In a subsequent two-
generation study using lower doses up to 550 mg/kg bw/day, no change in testis or epididymis weights
of parental animals were seen (Waterman et al., 2000).

In addition to the effects observed in male reproductive organs after exposure to DINP, reduced
absolute and relative ovary weights at high doses were observed in parental animals of a one-
generation study in rats (Waterman et al., 2000) (1186 mg/kg bw/day) and in a prepubertal female
assay in rats (1380 mg/kg bw/day) (Sedha et al., 2015).

The structural and functional adverse effects and the mode of action of DINP are comparable to those
of other phthalates classified as reproductive toxicants. DEHP, DBP, DIBP and BBP are classified as
reproductive toxicants based on the same developmental effects listed above for DINP (ECHA 2008a,
b, ¢, ECHA 2014). DEHP additionally affected fertility of both females and males and induced severe
testicular effects including testicular atrophy in numerous repeated dose toxicity studies in rats, mice
and ferrets (ECHA 2008a). DEHP is thus classified in category 1B for both fertility and development,
whereas DBP, DIBP and BBP are classified in category 1B for development and category 2 for
fertility (ECHA 2008a, b, ¢, ECHA 2014).

A harmonised classification of the phthalate DCHP (Dicyclohexyl phthalate) as Repr. 1B, H360D
(RAC 2015) has recently been adopted (cf. the 9th ATP to the CLP Regulation). Some of the effects
caused by exposure to this phthalate are also observed for DINP. The opinion adopted by RAC for
DCHP thus suggests a classification for developmental toxicity in category 1B based primarily on
increased incidence of nipple retention and decreased AGD in male pups in three different studies in
the absence of marked maternal toxicity. Further support for this classification was based on
observations of prolonged preputial separation and hypospadias and atrophy of the testes in offspring
in one supporting study.

The above mentioned arguments further support classification of DINP in category 1B for
development and in category 2 for fertility.

The above findings on structural abnormalities (skeletal effects, AGD, nipple retention) and
functional deficiency (impaired sperm motility) in rat offspring at dose levels without maternal
toxicity provide clear evidence that the classification criteria for developmental toxicity in category
1B are fulfilled for DINP. Furthermore, similar findings have been observed for phthalates such as
DEHP, DBP, DIBP and BBP. This indicates that DINP has a similar mode of action and a comparable
pattern of adverse effects as phthalates already classified for developmental toxicity.

Based on findings of reduced sperm count and velocity following exposure to DINP in a 28-day study
in rats, impact on sperm motility in rats exposed perinatally, and adverse effects on reproductive

10
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organs in other rat studies, a classification for toxicity to fertility in category 2 is warranted for DINP.
This is further supported by the comparable pattern of adverse reproductive effects by phthalates
already classified for toxicity to fertility, i.e. DEHP, DBP, DIBP and BBP.

Overall, this justifies a classification of DINP as Repr. 1B (H360Df).

It is, however, noted that the effects observed for DINP are less marked and generally occur at higher
doses compared to other other phthalates which have harmonised classifications for reproductive
toxicity.

2.3 Current harmonised classification and labelling

The substance is not included in CLP Annex VI, Tables 3.1 and 3.2

24 Current self-classification and labelling based on the CLP Regulation criteria

Self-classifications of DINP notified by industry (manufacturers, importers or groups hereof) are
available in the C&L Inventory (http://echa.europa.eu/information-on-chemicals/cl-inventory-
database).

For CAS 68515-48-0 a total of 378 self-classifications have been notified by industry. Out of these
322 have notified “no classification”, 52 notifiers have self-classified Aquatic acute 1, three notifiers
have self-classified Repr. 2 (without differentiation for effects on either fertility or development) and
one notifier has self-classified Skin irrit, 2 and Eye irrit. 2 (December 2016).

For CAS 28553-12-0 a total of 726 self-classifications have been notified by industry. Out of these
724 have notified “no classification”, one notifier has self-classified Acute tox 4 and Aquatic acute 1
and one notifier has self-classified Aquatic acute 1 (December 2016).

RAC general comment

Substance identity

The abbreviation DINP refers to two substances, described by different EC and CAS numbers,
which vary in the compositions of the alkyl side chains.

The substance described by EC 249-079-5: di-"isononyl" phthalate (CAS No. 28553-12-0)
contains C9H19 isomers as alkyl side chains (di-“isononyl” phthalate). This substance may be
represented by the formula:

11
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o

_CgHyg
branched alkyl chains

-
CgHqg

o

The commercial product, obtained from n-butene, is named DINP2 (cited in some studies).
The alkyl side chains of the substance described by EC 271-090-9: 1,2-benzenedicarboxylic

acid, di-C8-10-branched alkyl esters, C9-rich (CAS-No. 68515-48-0) correspond to a

distribution of C8H17 to C10H21 isomers where C9H19 alkyl chains are predominant in the
composition.

This substance may be represented by the formula:

O
O.-'CnHznﬂ
n==289or10
O branched alkyl chains
ICnH2n+1
O

The constituents present in the composition of this substance may consist of two alkyl chain
substituents of the same length e.g.:

0 CH; CHj

H o/\/K)\/C"|3
o/\/Y\(CHs

(|3| HeC  CHy
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or two alkyl chain substituents of different length e.g.:

The commercial product, obtained via the “polygas” process, is named DINP1 (cited in some
studies).

Under the EU risk assessment these substances have been considered equivalent from a health
and environmental perspective and a single risk assessment has thus been conducted for
DINP. Throughout this opinion the abbreviation DINP is used as a common name representing
substances identified by the above CAS numbers.

Additional substance identity information was provided by the EuPC. Industry also informed
that DINP3, another commercial product, was produced from n-butene and iso-butene in the
1980s but is at present not produced on the EU market. The alcohol used for DINP3 consisted
of methyl ethyl hexanols (65-75 wt %) and 20-25 wt% dimethylheptanols which result in a
very high viscosity plasticiser (approximately double the viscosity of DINP1 and DINP2). The
product was decommercialised, since the high viscosity meant that customers could not
process it easily to make flexible vinyl articles while leading to poorer performance of the
articles. DINP3 is not in the scope of this classification proposal. RAC recognises that studies
testing DINP3 are not predictive of the toxicological properties of DINP1 and DINP2.

Industry provided a list of studies with information on the identity of the substance tested
(see Addendum to Background Document; BD).

Abbreviations commonly used for describing various phthalates (and metabolites) referred to
in the text:

BBP: benzyl butyl phthalate

DBP: dibutyl phthalate

DCHP: dicyclohexyl phthalate

DEHP: di(2-ethylhexyl) phthalate
DIBP: diisobutyl phthalate

DIDP: diisodecyl phthalate

DnHP: di-n-hexyl phthalate

DnOP: di-n-octyl phthalate

DPP: dipentyl phthalate

MEHP: mono-(2-ethylhexyl) phthalate
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3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LEVEL

Harmonised classification and labelling for CMR properties is a community-wide action under article
36 of the CLP regulation. The classification of DINP has not been discussed under CLP. In 2003 the
EU Risk Assessment Report concluded that classification was not warranted for DINP under
Directive 67/548/EC (European Chemicals Bureau 2003a). New scientific data have, however, been
published for DINP in the intervening period. Based on these data and considering the similar mode
of action of DINP compared to other phthalates classified as reproductive toxicants, the dossier
submitter considers that a harmonised classification for reproductive toxicity is justified. Primary
attention is thus given to the newer studies of DINP published after the EU RAR (European Chemicals
Bureau 2003a). The studies on reproductive toxicity from the EU RAR are thus only summarised in
brief in this CLH report. The section from the EU RAR describing toxicity to reproduction and the
subsequent conclusion on classification for this endpoint is included as a separate Annex to this CLH
report for consistency.
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Part B.

SCIENTIFIC EVALUATION OF THE DATA

1 IDENTITY OF THE SUBSTANCE

1.1 Name and other identifiers of the substance

Table 4: Substance identity
EC number: 271-090-9 [1]; 249-079-5 [2]

EC name: 1,2-benzenedicarboxylic acid, di-C8-10-branched
alkylesters, C9-rich; [1]

di-“isononyl” phthalate; [2]

[DINP]
CAS number (EC inventory):
CAS number: 68515-48-0 [1]; 28553-12-0 [2]
CAS name:
IUPAC name: 1,2-benzenedicarboxylic acid, di-C8-10-branched

alkylesters, C9-rich; [1]

di-“isononyl” phthalate [2]

CLP Annex VI Index number:

Molecular formula: Average CasH4204

Molecular weight range: Average 420.6

Structural formula:

The substance is generally known as DINP. Two different types of DINP are available on the market
covering two CAS numbers with variable composition of the alkyl chain backbones. DINP consists
of a multitude of mainly C9-branched isomers with the mean formula C26H204 and a mean molecular
weight of 420.6 g/mol. Under the EU risk assessment these substances have been considered
equivalent from a health and environmental perspective. Representative structures of the substance
are shown below:
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. CAS 68515-48-0, 1,2-benzenedicarboxylic acid, di-C8-10-branched alkylesters, C9-rich
corresponds to a UVCB substance including a multitude of constituents showing C8, C9 and C10

alkyl chains branched at various positions:
O
anH2n+1
n==89or10
- branched alkyl chains
I{:nH2n+1
O

« CAS 28553-12-0 1,2-benzenedicarboxylic acid, 1,2-diisononyl ester (di-“isononyl” phthalate)
corresponds to a UVCB substance including a multitude of constituents showing C9 alkyl chains
branched at various positions:

0
_CgHyg
branched alkyl chains
.
CgHqg
O
1.2 Composition of the substance

1,2-benzenedicarboxylic acid, di-C8-10-branched alkylesters, C9-rich [1] includes the following
constituents: di-"isononyl" phthalate (CAS 28553-12-0), isodecyl isononyl phthalate (CAS 85168-
75-8), di-"isodecyl" phthalate (CAS 26761-40-0), isononyl isooctyl phthalate (CAS 96532-79-5).

Di-“isononyl” phthalate [2] corresponds to a substance including a multitude of constituents showing
C9 alkyl chains branched at various positions. The designation “iso” in the [IUPAC name means ‘a
mixture of isomers’ (European Chemicals Bureau 2003a). Further, the Platicisers and Flexible PVC
Information Centre website also states that di-“isononyl” phthalate contains mainly C9 isomers (ECPI
2014).

Specific information of the content of the above mentioned constituents, content of impurities or
additives are not available in the non-confidential part of the REACH registration dossiers. Some
information is available from the EU RAR (European Chemicals Bureau 2003a):
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Table 5:

DI-“ISONONYL” PHTHALATE; [2] [DINP]
Constituents, CAS no. 28533-12-0 (non-confidential information)

Constituent

Typical concentration

Concentration range

Remarks

DINP

isononanol
isononylbenzoate
n-butylisononyl phthalate
water

>99.5%

(based on ester content)
0.04%

0.03%

0.1%

0.02-0.03%

Data from EU RAR 2003
(European Chemicals
Bureau 2003a)

Current Annex VI entry: None

Table 6:

Impurities (non-confidential information)

Impurity

Typical concentration

Concentration range

Remarks

Not relevant (UVCB)

Table 7:

Additives (non-confidential information)

Additive

Function

Typical
concentration

Concentration range

Remarks

No information
available

Current CLP Annex VI entry: Not applicable
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1.2.1  Composition of test material
1.3 Physico-chemical properties
Table 8: Summary of physico - chemical properties
Property Value Reference Comment (e.g. measured or

estimated)

State of the substance at
20°C and 101,3 kPa

Clear colorless liquid [1, 2

REACH registration

Measured, Ph. Eur. 2.2.1. and
2.2.2.1, 2]

Melting/freezing point

-54 °C at 1 atm [1*, 2]

REACH registration

Measured, ASTM D 97-02 [1,
2]

Boiling point

> 400 °C at 1 atm [1, 2]

REACH registration

Calculated [1, 2]

Relative density

0.97 g/cm3 at 20 °C [1*, 2]

REACH registration

Measured, OECD TG 109 [1, 2]

Vapour pressure

0.00006 Pa at 20 °C [1*, 2]

REACH registration

Measured [1, 2]

Surface tension

30.7 mN/mat 20 °C [1, 2*]

REACH registration

Measured, Wilmhelmy plate
EC-M-F02[1, 2]

Water solubility

0.6 ug/L at 21 °C [1, 2*]

REACH registration

Measured, similar to OECD TG
1051, 2]

Partition coefficient n-
octanol/water

8.8-9.7 at 25 °C [1*, 2]

REACH registration

Measured, similar to OECD TG
117 [1, 2]

Flash point 236 °C [1*, 2] REACH registration | Measured, ASTM D 93/EU
Method A.9 [1, 2]
Flammability Very low degree of REACH registration | Measured, Intertek method [1,

flammability [1, 2*]

2]

Explosive properties

Not determined [1, 2]

REACH registration

Waived [1, 2]

Self-ignition temperature

400 °C at 1313 hPa[1, 2*]

REACH registration

Measured, ASTM E 659 [1, 2]

Oxidising properties

Not determined [1, 2]

REACH registration

Waived [1, 2]

Granulometry Not determined [1, 2] REACH registration | Waived [1, 2]
Stability in organic Not determined [1, 2] REACH registration | Waived [1, 2]
solvents and identity of

relevant degradation

products

Dissociation constant Not determined [1, 2] REACH registration | Waived [1, 2]
Viscosity 77.6 mm2/s at 20 °C and REACH registration | Measured,

27.7 mm¥s at 40 °C [1*, 2]

OECD TG 114 [1, 2]

*based on read-across/test data for the alternate variant of DINP

2 MANUFACTURE AND USES

2.1 Manufacture

1,2-benzenedicarboxylic acid, di-C8-10-branched alkylesters, C9-rich (CAS 68515-48-0) is
manufactured by the “Polygas” process whereas di-“isononyl” phthalate (CAS 28553-12-0) is n-
butene based. Isononyl alcohol, used in the synthesis of DINP, is produced via either the dimerization
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of butene or the oligomerization of propylene/butene. DINP is produced by esterification of phthalic
anhydride with isononyl alcohol in a closed system. Following esterification, excess alcohol is
removed under reduced pressure and the product is then typically neutralised, water washed and
filtered (ECPI 2014).

2.2 Identified uses

DINP is a high molecular weight general purpose plasticiser added to PVC to impart flexibility.
Plasticized PVC with DINP is used in construction, industrial applications and durable goods. DINP
is also used in non PVC polymer applications. DINP has been registered under REACH with an
annual volume of 100,000-1,000,000 tonnes for both CAS no. 68515-48-0 and CAS no. 28553-12-0,
respectively (REACH registration database, ECHA dissemination website, December 2016).
According to the Plasticisers and Flexible PVC Information Centre (by the European Council for
Plasticisers and Intermediates, ECPI), 95% of DINP is used in PVC applications. The remaining
DINP is used in rubbers, adhesives, sealants, paints and lacquers and lubricants (ECPI 2014).

The use of DINP and other high molecular weight phthalates in EU have increased markedly during
the last decades due a general shift from the low molecular weight phthalates such as DEHP to high
molecular weight phthalates such as DINP, DIDP (di-isodecyl phthalate) and DPHP (di-2-
propylheptyl phthalate). The high molecular weight orthophthalates currently represent
approximately 70% of the European plasticisers market (ECPI2014).

3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Not evaluated in this report

4 HUMAN HEALTH HAZARD ASSESSMENT

4.1 Toxicokinetics (absorption, metabolism, distribution and elimination)

The below summaries and citations on toxicokinetics are based on the EU RAR (European
Chemicals Bureau 2003a) and the ECHA review of DINP and DIDP from 2013 (ECHA 2013).

41.1 Non-human information

Hazleton (1972) administered about 2500 mg/kg/day [14C] DINP orally over 6 days to albino rats (4
treated, 2 controls). The excreted radioactivity in urine ranged from 8-18% within 72 hours. Over
80% of the administered dose was excreted in the feces and most of the radioactivity was excreted
within 24-hours after dosing. Between the 60- and 72-hour post dosage periods no animal excreted
over 0.2% of the administered dose. Considering the high dose and high level of radioactivity
recovered in feces, the absorption process was probably saturated.

Midwest Research Institute (1983), also cited as McKee et al (2002), treated Fischer 344 rats orally
with a single radioactive dose of 50 and of 500 mg/kg DINP, with recoveries in urine (~49% at low

19



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON 1,2-
BENZENEDICARBOXYLIC ACID, DI-C8-10-BRANCHED ALKYLESTERS, C9- RICH; [1]
DI-“ISONONYL” PHTHALATE; [2] [DINP]

dose and 43% at high dose ) and feces (~ 51% at low dose and ~ 56% at high dose) within 72 hours
after dosing (after normalizing to 100% total recovery, which was 99 and 91% at 50 and 500 mg/kg,
respectively). In a repeated dose study over 5 days with 50, 150 and 500 mg/kg, recoveries in urine
were 52, 60 and 55 % respectively (after normalizing to 100% total recovery, which was 123, 117
and 115% at 50, 150 and 500 mg/kg, respectively). Almost the entire administered radioactivity was
recovered in urine and feces within 72 hours following the last dose; the major portions were
eliminated within the first 48 hours. Excretion in urine was higher than in feces at the three dose
levels in the repeated dose study.

In general, DINP is rapidly eliminated and less than 0.1% of the radioactivity was recovered in tissues
after 72 hours. In tissues, DINP was mainly recovered in GIT, liver and kidney by oral route.

Based on the above studies, the EU RAR concluded that “these data indicate that a single low dose
of [14C]-DINP administered orally to rats was readily absorbed (at least 49%), since metabolites
recovered in faeces are the result of bile elimination, and distributed to major tissues, particularly
the liver. Absorption was incomplete following a high dose of [14C]-DINP, and after repeated dosing
of the compound at all dose levels. DINP metabolites were excreted in urine and to a lesser extent in
feces. DINP was de-esterified to the monoester which was further metabolised by side-chain
oxidation of the ester group or by hydrolysis to phthalic acid; the formation of oxidation products
appeared to increase following the high dose, while hydrolysis to phthalic acid decreased. DINP
metabolites reached testes at high dose and were detected in fat. Repeated dosing caused no
accumulation of DINP and/or its metabolites in blood and tissue, but resulted in increased formation
and elimination of the monoester-oxidation products” (European Chemicals Bureau 2003a).

4.1.2 Human information

Koch and Angerer (2007) described elimination of major DINP metabolites via urine in a study where
one human volunteer was dosed 1.27 mg/kg (n = 1). A recovery of 43.6% of DINP was calculated in
urine measurements during 48h of four metabolites. Four metabolite ‘groups’ of structural isomers
were measured. Other possible metabolites (with two or more functional groups or shortened side
chains) were not measured.

The recovered percentage is thus likely an underestimation of the actual elimination of DINP via
urine (Koch and Angerer, 2007).

Anderson et al. (2011) studied the kinetics of DINP and DEHP in 10 male and 10 female human
volunteers (n = 20). Two dose levels were used of the deuterium labelled DINP and DEHP, which
were for DINP 0.78 mg (0.010 mg/kg for males and 0.011 mg/kg for females) and 7.3 mg (0.090
mg/kg for males and 0.107 mg/kg for females). A recovery of 32.9 + 6.4% of the labelled DINP was
calculated in urine measurements during 48 h of four metabolites (the same metabolites as in Koch
and Angerer)”.

4.1.3 Summary and discussion on toxicokinetics

According to the review by ECHA, 2013, the oral absorption in adult rats was estimated to be in the
order of 50-55% (based on calculations including excretion in bile). Based on read-across from
DEHP, it is assumed that the oral absorption of DINP in humans is 100% (ECHA, 2013).

In the review by ECHA, 2013, the following discussion is made regarding human oral absorption:
“According to the supporting document to the opinion of RAC on the draft version of this report
(ECHA 2013Db), human volunteer studies with DEHP clearly demonstrate that the amount recovered
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in urine is dependent on the type and amount of metabolites that are measured in those studies. It
was considered that measuring all metabolites most likely would result in near to 100% recovery of
radioactivity in urine and pointed out that an unknown amount of excretion via bile contributes
further to the absorption estimate. It was however acknowledged that the studies in humans have not
been designed to determine absorption.

RAC (ECHA 2013a,b) concluded that adult humans orally absorb 100% based on read-across from
DEHP. This conclusion differs from the EU Risk Assessments (EC 2003a,b) that assumed a
bioavailability factor of 50% for calculating internal oral exposure of adults, derived from
toxicokinetic data in rats. For newborns and infants a factor of 100% (i.e. twice as much as for rats)
was assumed based on a study from Sjoberg et al. (1985) which seemed to show a greater absorption
by oral route of DEHP in young rats compared to older ones.”

4.2 Acute toxicity

Not evaluated in this report.

4.3 Specific target organ toxicity — single exposure (STOT SE)

Not evaluated in this report.

4.4 Irritation

Not evaluated in this report.

4.5 Corrosivity

Not evaluated in this report.

4.6 Sensitisation

Not evaluated in this report.

4.7 Repeated dose toxicity

Repeated dose toxicity has not been evaluated in this report. The following information on an oral
repeated dose toxicity study in rats is included to support the proposal regarding toxicity to
reproduction.

471
Non-human information

4.7.1.1 Repeated dose toxicity: oral

To provide an overview of the general toxicity of the substance, the most relevant repeated dose
toxicity studies and chronic toxicity studies discussed in the EU RAR (European Chemicals Bureau
2003a; and cited in ECHA 2013) as well as more recent studies included in the registration dossier
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for DINP are included in Table 9. A few additional studies are listed in the registration dossier but
not repeated here due to lack of data availability or lack of relevance for reproductive toxicity (e.g.
studies on effects on the immune system). Regarding repeated dose toxicity and specifically

toxicity to the liver, the studies by Aristech 1994 and Exxon 1986 are considered key studies by
EU RAR and ECHA 2013, and the study by Bio/dynamics 1986 is considered a supporting study

by ECHA 2013. Among the studies published after the ECHA review from 2013, a study by Ma et
al., 2014, investigating effects of DINP on liver and kidney may be considered relevant, but due to
poor data reporting, this is considered a supporting study only. In addition to the critical effects on
liver and kidney, effects on reproductive organs are also noted in Table 9.

Details on key studies with regard to toxicity to reproductive organs are presented after the tables,

and discussion of these studies is given in section 4.7.2.

Table 9:

toxicity studies (chronological order).

Summary table of selected relevant repeated dose toxicity studies including chronic

Method

Results

Remarks

Reference

One-week prechronic oral feeding
study, rat (CAS 68515-48-0)
Dietary concentration of 2%

At 1700 mg/kg bw/day:
Increased absolute and relative

Another group
exposed to 2%

Bio/dynamics
1982a

di " weights of liver and kidney. DEHP.
gcx/rgzson Ing to 1700 mg/kg Increased relative testis weight | Eormalin fixed testes
N=8 showed no
histological effects
of DEHP or DINP
13-week NOAEL: 0.1% (77 mg/kg No histological data | Bio/dynamics

Study, Fisher 344 rat
0,0.1,0.3,0.6, 1.0, 2.0% (77, 227,
460, 767, 1554 mg/kg bw/day)
(CAS 68515-48-0)

N=15

bw/day)

LOAEL: 0.3% (227 mg/kg
bwi/day):

increased kidney, liver weights
decreased cholesterol levels
from 0.3%.

Increased relative testis weight
at 2%, but associated with slight
decreased absolute testis weight
and decreased body weight.

on testes.

1982b

13-week

Study, rat

0, 0.3, 1.0% (Males: 201, 690
mg/kg bw/day; females: 251-880
mg/kg bw/day)

(CAS 68515-48-0)

N=15

LOAEL: 0,3% (201 — 251
mg/kg bw/day): increased
kidney, liver weights, decreased
triglycerides and urine chemistry
changes.

Increased relative testis weight
at 1% associated with a slight
(NS) increase of absolute testis
weight.

No histological data
on testes.

Bio/dynamics
1982c

Chronic toxicity 2-year dietary.
Sprague Dawley CD rats.
Guideline: not indicated in EU
RAR 2003.

Santicizer 900 (CAS 71549-78-5
according to CHAP 2001)

Dietary concentrations of 0, 500, 5
000, 10 000 ppm

NOAEL: 27 mg/kg bw/day.

Spongiosis hepatis was
significantly elevated at the mid
and high dose in males. In
males, the incidence of focal
necrosis was significantly
elevated at the low and high

Bio/Dynamics
1986
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Method Results Remarks Reference
Males: ca. 0, 27, 271 and 553 doses, while the mid dose was

mg/kg bw/day non-significantly elevated.

Females: ca. 0, 33, 331, 672 mg/kg

bw/day.

Dose groups n = 70/sex/dose level
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Method Results Remarks Reference
Chronic toxicity. 2-year study, rat | NOAEL: 0.03% (15-18mg/kg Exxon, 1986
(CAS 68515-48-0) bw/day) (Hazleton
Dietary concentrations of 0, 0.03, | LOAEL: 0.3% (152-184 (1986a); Lington
0.3 and 0.6% (W/) mg/kg bw/day) et_al- (1987);
Males: ca. 0, 15, 152,307 mg/kg | Males: increased incidence of I(_llggt?c)); etal
bw/day spongiosis hepatis, increased
Females: ca. 0, 18, 184, 375 serum levels of liver
mg/kg bw/day transaminases (1.5-2x);
Dose groups n = 220 (110/sex) increased relative and absolute
spleen weights (61%).
Male and female: increased liver
(11-19%) and kidney weights
(5-10%). Other
histopathological findings
indicating liver toxicity.
13-week feeding study LOAEL 3000 ppm for lowered | Histological BASF 1987
Wistar rats, N= 10 of each sex triglyceride level and liver examination of
Dietary 0 - 3,000 - 10,000 - 30,000 histology changes. testes and ovaries
ppm At 10000 ppm increased showed no adverse
(CAS 28553-12-0, purity greater | @bsolute and relative liver and F:hanges (b_U'f method
than 99%) which correspond to kidney weights. 1S no_t_con5|dered
333 - 1,101 - 3,074 mg/kg/day at A trend towards a decreasing :?:ailigxei:ue to
day 7 and to 152 — 512 - 1,543 body weight from 3,000 ppm formaldehvde and
mg/kg/day at day 91 for the males | Was observed in males and ;Y0 anc
. . not Bouin’s fixative)
and to 379 - 1,214 - 3.224 confirmed at 30,000 ppm with a
mg/kg/day at day 7 and to 200 — statistica_lly decreased of t_he
666 - 2,049 mg/kg/day at day 91 body weight compared with the
for the females. control groups (males up to 18%
o ) and females up to 11%). An
OECD g.mdel_lne 408 and in increased relative testis weight
conformity with GLP observed at 30,000 ppm is not
regarded as substance induced
but regarded as the result of the
clear body weight decrease.
13-week study, Fischer 344 rats LOAEL.: 2500 ppm (176 mg/kg | No gross of Hazleton
2500, 5000, 10000, 20000 ppm bw/day in males) increased microscopic Laboratories
weight of liver and kidney observations were 1991a

(Males: 176, 354, 719, 1545 mg/kg
bw/day, females: 218, 438, 823,
1687 mg/kg bw/day)

N = 10/sex/group
CAS 28553-12-0

From 10000 ppm (719 mg/kg
bw/day) increase in relative
testes/epidydimides weight

At 20000 ppm (1687 mg/kg
bw/dat) decrease of absolute and
relative uterus weight.

associated with the
weight changes of
the ovaries and
testes/epidymides
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Method Results Remarks Reference
4-week study, B6C3F1 mice, LOAEL: 3000 ppm (635 mg/kg | Range finding study | Hazleton
3000, 60000, 12500, 25000 ppm bw/day in males) increased for 13 week study Laboratories

(Males: 635, 1377, 2689, 6518
mg/kg bw/day)

N=10

absolute and relative liver
weight.

At 6000 ppm (1377 mg/kg
bw/day in males) decreased
weight of absolute and relative
kidney and testes weight

(Hazleton 1992).

1991b

13-week study, B6C3F1 mice,
n=10/sex/group.

Oral: Diet

Doses: 1500, 4000, 10000, 20000
ppm (365, 972, 2600, 5770 mg/kg
bw/day).

CAS 28553-12-0
Exposure: 13 weeks

NOAEL: 1500 ppm (365 mg/kg
bw/d)

LOAEL.: 4000 ppm (972 mg/kg
bwi/d): Enlarged livers from
4000 ppm in males (from 10,000
ppm in females).

Reduced absolute
testis/epididymis weights from
10000 ppm (2600 mg/kg bw/d),
reduced absolute and relative
uterus weight at 20000 ppm
(5770 mg/kg bw/d).
Immature/abnormal sperm
forms in epididymis, hypoplasia
in uterus and absence of corpora
lutea in ovaries at 20000 ppm
(5770 mg/kg bw/d).

Positive control for
peroxisomal
proliferation WY
14,463

Hazleton
Laboratories,
1992

Chronic toxicity. 2-year dietary,
rat (Fisher 344).

Guideline: equivalent or similar to
OECD Guideline 452.

GLP compliant

(CAS 68515-48-0).

Dietary concentrations of 0, 0.05,
0.15, 0.6 and 1.2% and high dose
(1.2%) recovery group.

Males: ca. 0, 29, 88, 359, 733
mg/kg bw/day, high dose recovery
group 637 mg/kg bw/day

Females: ca. 0, 36, 109, 442, 885
mg/kg bw/day, high dose recovery
group 774 mg/kg bw/day

Dose groups n = 70-85/sex and a
recovery high dose group of 55/sex

NOAEL: 0.15% (88-103 mg/kg
bw/day)

LOAEL: 0.6% (358-442mg/kg
bwi/day):

Males: increased incidence of
spongiosis hepatis.

Males and females: increased
absolute and relative liver and
kidney weights, increased serum
levels of liver transaminases,
other histopathological findings
indicating liver toxicity

Aristech 1994

(Aristech
(1995);

Covance (1998);
Moore (1998a);
Butala et al.
(1996))
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Method

Results

Remarks

Reference

Chronic toxicity, 2-year dietary,
mice.

0, 500, 1500, 4000, 8000 ppm
(Males: 0, 90.3, 275.6, 741.8,
1560.2 mg/kg bw/day, females: 0,
112, 335.6, 910.3, 1887.6 mg/kg
bw/day)

NOAEL 500 ppm

LOAEL.: 1500 ppm increased
liver and kidney weights.

Decreased absolute and relative
testis weight at 741.8 mg/kg
bw/day (4000 ppm, 11.1%
reduction) and 1560.2 mg/kg
bw/day (8000 ppm, 20.2%
reduction) without histological
changes.

Aristech 1995

13-week study, marmoset,
(CAS not specified)

Gavage in 1% methylcellulose and
0.5% Tween. 100, 500, 2500
mg/kg bw/day

N=4 males and 4 females

NOAEL: 500 mg/kg bw/day
LOAEL.: 2500 mg/kg bw/day
minor changes: decreased body
weight, decreased body weight
gain

Another group
received Clofibrate
500 mg/kg bw/day
to provide a positive
control for liver
peroxisome activity

Hall et al., 1999

(Huntington Life
Science, 1998)

2-week study, adult male
cynomolgus monkey, gavage in
0.5% methyl cellulose (10 ml/kg)

(CAS 68515-48-0)
500 mg/kg bw/day
N=4

NOAEL 500 mg/kg bw/day.

No changes in body weight,
organ weights, urinalysis,
haematology, clinical chemistry,
no inflammation or necrosis in
the liver, kidney and testes, no
change in hepatic peroxisomal
(- oxidation or replicative DNA
synthesis. No effect on gap
junctional intercellular
communication in vitro.

No effects of
additional test
compounds DEHP
500 mg/kg bw/day
and clofibrate 250
mg/kg bw/day on
these these
endpoints. Clofibrate
reduced relative
weight of
testes/epididymides
and
thyroid/parathyroid.

Pugh et al 2000

Rat (SD), juvenile male, 5 weeks
old, n=6

Oral: gavage

Dose: 500 mg/kg bw/day

CAS 28553-12-0. Purity not
described.

Vehicle: corn oil
Exposure: 28 days (PND 35 to 77)

NOAEL: Not determined

LOAEL: 500 mg/kg bwi/day.

Reduced sperm count (to 75% of
control) and sperm velocity.
Increased relative liver weight
(to 145% of control). Decreased
body weights (to 88% of
control).

One dose only.

Test material 28553-
12-0.

Other dose groups
exposed to one of
eight other phthalate
diesters or five
phthalate
monoesters.

Kwack et al.,
2009
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Method Results Remarks Reference
Male Kunming mice, age 7-8 NOAEL: 2 mg/kg bw/day Other groups Ma et al., 2014
weeks. LOAEL.: 20 mg/kg bw/day for received melatonin,
14 days exposure to 0, 0.2, 2, 20, histological effects on liver or melatonin in
or_200 mg/kg bw/day of DINP. (oedema). _ combination with
N=10 Increased reactive oxygen

species (ROS) in lever and DINP (200 mg/kg

kidney at 200 mg/kg bw/day; bw/day). Poor data

decreased glutathione (GSH) reporting: no clear

content in liver at 20 and 200 description of the

mg/kg bw/day and in kidney at | nhumber of affected

200 mg/kg bw/day. animals at 20 and

200 mg/kg bw/day.

Further details on key studies regarding toxicity to reproductive organs are presented below. Key
studies on hepatic and renal effects are not described in detail in this section, as conclusions by EU
RAR (European Chemicals Bureau 2003a) and ECHA 2013 are presented in the discussion section
4.7.2.

Exxon 1986. Groups of 220 (110/sex) Fischer 344 rats, (6 weeks of age at initiation of dosing) were
administered dietary concentration of 0 - 0.03 - 0.3 - 0.6% (w/w) DINP (MRD 83-260, CAS 68515-
48-0) for a period up to 2 years. The mean daily intakes of DINP over 2 years (Lington et al., 1997)
were 15, 152 and 307 mg/kg/day for male rats corresponding to dose levels of 0.03 - 0.3 and 0.6%,
respectively and 18, 184 and 375 mg/kg/day for female rats, respectively. Preselected subgroups of
10 rats/sex/dose level were scheduled for interim sacrifice after 6, 12 and 18 months and remaining
rats were sacrificed at 24 months. Regarding food consumption, the overall consistent changes
consisted of a significant reduction of food consumption in the high-dose males during the last 12
months of the study and of a slight increase of food consumption in the mid and highdose females
during the first 12 months of the study. When compared with controls, the high-dose males exhibited
a statistically significant, dose-related decrease in body weight beginning at 12 months of treatment
and persisting until termination (4 to 7% reduction in body weight compared to the control group).
There were not statistically significant changes of body weight in females. Both males and females
from the mid and high-dose groups exhibited a statistically significant, dose-related increase in
relative kidney and liver weights throughout most of the treatment period; the absolute liver and
kidney weights demonstrated a similar trend. At termination in the high-dose level absolute liver and
kidney weights were increased, respectively in males by 20% and 8% (liver and kidney weights were
13.94 and 3.19 g vs. 11.63 and 2.95 g) and in females by 27.3 and 9% (liver and kidney weights were
10.25 and 2.30 g vs. 8.27 and 2.10 g). Those changes in organ weights were correlated to
histopathological findings at the 18-month sacrifice. At study termination, the mid- and high-dose
males exhibited a statistically significant, but not dose-related, increase in absolute and relative spleen
weights and the high-dose females a statistically significant increase in relative spleen weight.
Relative, but not absolute adrenal weights were slightly, but significantly increased in both sexes. No
treatment-related changes were observed in the absolute or relative organ weights for ovaries, brain,
heart, or thyroid/parathyroid. At study termination, a statistically significant increase in relative testis
weights was observed at the high dose associated with a slight, not statistically significant, increase
of 13% in absolute testis weight (6.22 g vs. 5.48 g in the control group).

BASF 1987 Groups of ten Wistar rats of each sex were fed diets containing 0 - 3,000 - 10,000 - 30,000
ppm (CAS 28553-12-0, purity greater than 99%) which correspond respectively to 333 - 1,101 - 3,074
mg/kg/day at day 7 and to 152 — 512 - 1,543 mg/kg/day at day 91 for the males and to 379 - 1,214 -
3,224 mg/kg/day at day 7 and to 200 — 666 - 2,049 mg/kg/day at day 91 for the females. A trend
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towards a decreasing body weight from 3,000 ppm was observed in males and confirmed at 30,000
ppm with a statistically significant decrease of the body weight compared with the control groups
(males up to 18% and females up to 11%). A statistically significant reduction of the triglyceride
concentrations was detected in both sexes from 10,000 ppm and as a trend also at 3,000 ppm in both
sexes. statistically significant increase of absolute and relative liver weights in males and females was
observed from 10,000 ppm. At 30,000 ppm, the increase was about 30% in males and 69% in females
(absolute liver weights) and about 59% in males and 89% in females (relative liver weights). A
statistically significant increase of relative kidney weight was observed in both sexes from 10,000
ppm and of the absolute kidney weight at 10,000 ppm in males. An increase of the relative testis
weight observed at 30,000 ppm is also not regarded as substance induced but regarded as the result
of the clear body weight decrease. The histopathological examination of the testes and ovaries did
not show any adverse effect. However, it is noted that the testes were fixed in 4% formaldehyde and
not with Bouin fixative, which is generally preferred for testis, and that the determination of the uterus
weight was not carried out.

Hazleton Laboratories, 1991 DINP (CAS 28553-12-0) was administered over a 13-week period in
the diet of 4 groups of 10 male and female Fischer 344 rats at dose levels of 2,500 - 5,000 - 10,000 -
20,000 ppm (about 176 — 354 — 719 - 1,545 mg/kg/d in males and 218 — 438 — 823 - 1,687 mg/kg/d
in females). Body weight gain of males and females treated with 20,000 ppm was significantly lower
than controls. There was an increase of the absolute kidneys weight in males from 5,000 and in
females from 2,500 ppm and an increase of the relative kidney weight from 2,500 ppm in males and
5,000 ppm in females. There was an increase of the absolute liver weight in males from 5,000 and in
females from 2,500 ppm and an increase of the relative liver weight from 2,500 ppm in males and
5,000 ppm in females. Histopathologic examinations showed hepatocellular enlargement in the
20,000 ppm group, periportal in males and centrolobular in females. There was a decrease of the
absolute and relative weight of the uterus at 20,000 ppm and an increase of the relative
testes/epidydimides weight at 10,000 ppm and higher. No gross or microscopic observations were
associated with these organ weight changes. In this study, the LOAEL was set to 2,500 ppm (176
mg/kg/d) based on the increases of liver and kidney weights in males and females observed at this
dose level.

Hazleton Laboratories, 1992, performed a 13-week study in mice, described in EU RAR (European
Chemicals Bureau 2003a). DINP (CAS 28553-12-0) was administered to B6C3F1 mice in the diet
for 13 weeks. Ten mice/sex/group received test material at dose levels of 1,500 - 4,000 - 10,000 and
20,000 ppm (about 365 - 972 - 2,600 - 5,770 mg/kg/d) (groups 2 to 5, respectively). An additional
group of 10 mice/sex/group received the basal diet only and served as negative control group (group
1). To evaluate the hepatocellular proliferation and peroxisomal proliferation, additional
corresponding groups of 15 mice/sex/group at each dose level (groups 1 to 5) plus a positive control
(WY 14,463) (group 6) of 15 mice/sex/group were evaluated 3, 30 and 90 days after study. Weights
of testis/epididymis and uterus were reduced and histological changes in epididymis, uterus and
ovaries were observed, but only at doses exceeding 1000 mg/kg bw/d (10,000 and 20,000 ppm). A
NOAEL of 1,500 ppm (about 365 mg/kg/d) could be determined regarding effect on the liver at 4,000
ppm (enlarged liver in males and increases of absolute and relative liver weight). A NOAEL of 4,000
ppm could be derived for reproductive organs based on decrease in absolute testis/epididymis weights
from 10,000 ppm.

A study by Aristech 1995 was used for risk characterization concerning effects on reproductive
organs in the EU RAR (European Chemicals Bureau 2003a). Groups of 70 B6C3F1/Crl BR mice /sex
were administered daily for at least 104 weeks 0 — 500 — 1,500 — 4,000 and 8,000 ppm DINP (CAS
not specified > 99% purity) in the diet (70/sex/group) (groups 1 to 5, respectively). The doses are
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corresponding to 0 — 90.3 — 275.6 — 741.8 and 1,560.2 mg/kg in males and 112 — 335.6 — 910.3 and
1,887.6 mg/kg in females. A recovery high-dose group of 55 mice/sex was also given 8,000 ppm
DINP in the diet for 78 weeks, followed by a 26-week recovery period. At termination, absolute and
relative testis weights were decreased in mid-high, high- and recovery high-dose males, (by 11.1,
20.2, and 11.8%, respectively). No histological changes in testes were observed. Liver and kidney
weights were reduced at lower doses; i.e. from 1500 ppm. Male body weights were 90 and 83% of
controls in the two highest dose groups, respectively.

Hall et al., 1999. In a marmoset monkey study (16-25 months old), four groups of four
marmosets/sex/group were administered DINP (CAS number not specified, purity 99.2%) daily by
gavage at dose levels of 0 - 100 - 500 - 2,500 mg/kg/d for a period of 13 weeks after 3-week
acclimatisation period. An additional group was treated with 500 mg/kg/d clofibrate to act as a
reference control. Body weight losses or low body weight gains were observed for males and females
at 2,500 mg/kg/d DINP. There were no treatment-related changes in biochemical parameters
(including triglycerides and cholesterol) or in concentrations of estradiol and testosterone. No
histological findings were considered to be treatment-related. For testes, no changes in weights or
macroscopic /microscopic findings were observed.

Pugh et al., 2000 To evaluate the human relevance of liver effects observed in rats and mice, high
doses of peroxisome proliferators were given by gavage in 0.5% methyl cellulose (10 ml/kg) to
groups of four adult male cynomolgus monkeys for 14 days (Pugh et al., 1999; 2000). In comparison
to vehicle control, DINP (CAS number not specified, 500 mg/kg/d), DEHP (500 mg/kg/d) and
clofibrate (250 mg/kg/d) produced no statistically significant changes in body weight, organ weights,
urinalysis, hematology, clinical chemistry, or other signs of toxicity. However, relative weights of
testes and epididymides (combined) was 76% of control values, but not significantly different from
controls. It is noted in the published paper that no distinctive treatment-related effects were observed
in the testes, but no details are presented. It is noted that the testes were fixed in 4% formaldehyde
and not with Bouin fixative, which is generally preferred for testes. No histological examination of
epididymides was performed.

Kwack et al., 2009, exposed groups of 5-week-old SD rats to different phthalates including DINP.
Groups of 6 rats were exposed to 500 mg/kg bw/day of DINP (or other phthalates) daily for 4 weeks.
Control rats received corn oil. Body weights were reduced to approximately 88% of controls, and
relative liver weights were increased to 145% of controls with DINP (and other phthalates). No
changes in other organ weights (thymus, heart, spleen, kidney, adrenal, testis, epididymis) were seen
for DINP. A statistically significant reduction in sperm counts was observed in the DINP group.
Sperm counts were lowered to 75.2% by DINP, whereas e.g. DEHP decreased sperm counts to 34.3%
of controls. Different sperm motion parameters were measured by Computer Assisted Sperm Analysis
(CASA) including the total percentage of motile sperm and different measures of velocity. The
percentage of motile sperm was not affected significantly by DINP (76% motile in control group and
63% motile sperm in DINP group) but by other phthalates. However, the average sperm curvilinear
velocity (VCL) and straight-line velocity (VSL) was decreased significantly by DINP. Overall, DINP
appeared to affect sperm motion in a similar manner as e.g. DEHP, DBP and BBP, in this repeated
dose study of 4 weeks using young animals but with less marked effects. The effects of DINP on
sperm count and sperm velocity were seen at a dose level (500 mg/kg bw/day) that is associated with
a lower body weight compared to controls. As the dosing with DINP occurred during a period of
rapid growth of the rats and establishment of spermatogenesis (PND 35 to 63) it is not clear whether
the observed adverse effects on sperm results from direct testicular toxicity or caused by delayed
growth and development. Delayed growth may be a non-specific effect of treatment or may be due to
impaired testosterone production. Testosterone levels were not examined in that study.
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4.7.2 Summary and discussion of repeated dose toxicity

Several of the listed studies showed effects of DINP on male reproductive organs after juvenile or
adult exposure including reduced sperm count and velocity (Kwack et al., 2009), decreased absolute
and/or relative testis weight (Hazleton 1992; Hazleton 1991; Aristech 1995). In contrast, increased
relative testis weights were seen in other studies without changes in absolute testis weight and were
considered to be related to reduced body weights (Bio/dynamics 1982a, b, ¢; BASF 1987). In
cynomolgus monkeys relative testis/epididymis weigths were 76% of controls, but this was not
statistically significant, and in marmosets no effects on testes were reported (Pugh et al., 2000; Hall
et al., 1999). In a one-generation study increased absolute and relative weights of testes and
epididymides were observed in parental animals (Waterman et al., 2000), see section 4.11 on toxicity
for reproduction.

When evaluating the conclusions from the EU RAR and ECHA 2013, it can be concluded that (human
relevant) liver effects are critical to NOAEL determination. These effects are seen at 152-359 mg/kg
bw/day in 2-year studies by Exxon 1986 and Aristech 1994 with NOAELs of 152 and 88 mg/kg
bw/day, respectively. Reduced kidney weight was seen at the same doses (Exxon 1986).

Overall, reproductive effects after adult exposure of rats and mice were seen at higher doses than
those inducing hepatic toxicity. Effects on sperm count and sperm velocity was seen in young adult
male rats after 4 weeks of exposure to a higher dose of 500 mg/kg bw/day (Kwack et al., 2009).
Chronic exposure to 742 mg/kg bw/day led to reduced absolute and relative testis weight in mice
(Aristech 1995). At even higher doses of 2600 mg/kg bw/day, reduced absolute testis/epididymis
weights were seen in a 13-week study in mice by Hazleton Laboratories, 1992, a study also showing
abnormal sperm and adverse effects on the female reproductive tract at a very high dose of 5770
mg/kg bw/day.

For clarity, discussions from EU RAR 2003 and ECHA 2013 regarding repeated dose toxicity
(focusing on liver effects) are presented here:

In the EU RAR, 2003, the overall evaluation of repeated dose toxicity led to a NOAEL of 88
mg/kg/day based on non-peroxisome proliferation related liver effects in a 2-year dietary
chronic/carcinogenicity study in rats (Aristech 1994). ECHA 2013 noted that it is not clearly stated
in the EU Risk Assessment why the NOAEL of 88 mg/kg bw/day based on the Aristech study was
chosen over the lower (15 mg/kg) from the other relevant long term toxicity study by Exxon (1986).
ECHA 2013 reevaluated these studies to determine a NOAEL for repeated dose toxicity. They
concluded that “...the Exxon (1986) study was considered the most appropriate to use. Thus a
NOAEL of 15 mg/kg bw/day was selected for repeated dose toxicity of DINP. This conclusion was
supported by RAC (ECHA 2013a). RAC however noted that the NAEL could be higher given the large
dose spacing in the Exxon study.”(European Chemicals Bureau 2003a)

The following summary of repeated dose toxicity focusing on reproductive organs is presented by
ECHA 2013 citing EU RAR 2003:

In mice, a NOAEL of 1,500 ppm (276 mg/kg/d) can be derived from a 104-week study (Aristech,
1995¢) based on testicular weight decrease observed from 4,000 ppm (742 mg/kg/d) and is used for
the risk characterisation. In addition, in 4-week and a 13-week repeated-dose mouse studies, slight
decreases of testis weight were observed accompanied by the presence of abnormal / immature sperm
forms in the epididymes at doses of 6,500 mg/kg/d and 5,700 mg/kg/d, respectively (25,000 and
20,000 ppm). In those mouse studies (4-week and 13-week) effects were noted in uterus (hypoplasia
and absence of endometrial glands) and in ovaries (absence of corpora lutea suggesting an arrest of
ovulation) at doses of 20,000 ppm and 25,000 ppm. It should be noted that in the 13-week study in
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monkeys (Huntingdon Life Sciences, 1998) no changes were reported in testis weight and testis
microscopic examination. In addition, there were no treatment-related changes in estradiol and
testosterone concentrations assessed. In conclusion, for effects on the liver and kidneys, a NOAEL of
88 mg/kg/d is determined in rats regarding results found in a chronic / carcinogenic study (Aristech,
1994). For reproductive organs, a NOAEL of 276 mg/kg/d can be derived from a mouse study. These
NOAELSs will be used for the risk characterisation. The effects seen in the repeated dose toxicity tests
do not justify classification Xn R48 according to the EU classification criteria.” (European Chemicals
Bureau 2003a).

4.8 Specific target organ toxicity (CLP Regulation) — repeated exposure (STOT RE)

Not evaluated in this report.

4.9 Germ cell mutagenicity (Mutagenicity)

Not evaluated in this report.

410  Carcinogenicity

Carcinogenicity has not been evaluated in this report. The information on long-term effects on
reproductive organs is presented in section 4.7.1 and Table 9 regarding repeated dose toxicity to
support the proposal regarding toxicity to reproduction.

4.10.1 Non-human information

4.10.2 Summary and discussion of carcinogenicity

A discussion of carcinogenicity is not relevant for the current proposal. However, a 2-year study in
mice by Aristech 1995 was used for risk characterization concerning effects on reproductive organs
in the EU RAR, (European Chemicals Bureau 2003a), as the reduced absolute and relative testis
weight indicates toxicity to reproductive organs/fertility. See study description in section 4.5.1 and
discussion on effects on toxicity for reproduction in section 4.11.4.

411  Toxicity for reproduction
4.11.1 Effects on fertility

4.11.1.1 Non-human information

Table 10:  Summary table of relevant experimental studies on fertility

Method Results Remarks Reference
rat (Sprague-Dawley) male/female, | No NOAEL could be determined due to No histological | Waterman et
30 rats/sex/group effects on liver and kidney weights in evaluation was al. (2000)
) parental animals and decreases in performed. No
one-generation study offspring body weight at all doses. evaluation of Exxon
_ sperm Biomedical
oral: feed Parental animals: Lower food Sciences
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Method Results Remarks Reference
0.5, 1.0 and 1.5 % in diet (nominal | consumption and lower body weights parameters. (1996)
conc.) (corresponding to 377-404, | were observed before mating primarily in )

This study

741-796, and 1087-1186 mg/kg
bw/day during gestation)

CAS 68515-48-0
Vehicle: unchanged (no vehicle)

Exposure: Ten weeks before
mating and through the mating
period, continuing for males until
sacrifice following delivery of
their last litter sired and females
until they were sacrificed
following weaning of the F1
animals on PPD 21. (Continuous
for parents (males and females))

equivalent or similar to OECD
Guideline 415 (One-Generation
Reproduction Toxicity Study)

the mid and high-dose parental animals
compared with controls. Statistically
significant increases in mean absolute
and relative right testis weight, left testis
and right epididymis weights and mean
relative left epididymis and seminal
vesicle weights in high dose males
compared to controls. In females
sacrificed at the end of weaning, there
was a statistically significant decrease in
the mean absolute and relative right
ovarian and mean absolute left ovarian
weights of the high-dose females
compared with controls. No statistically
significant differences in male mating,
male fertility, female fertility, female
fecundity, or female gestational indices
between treated and control animals.

Offspring effects: Dose-related decreases
in mean offspring body weight during the
postnatal period (PND 0-21). Statistically
significant lower mean body weights in
the high-dose males (10.2-46.0%) and
females (11.3-46.9%), mid-dose females
(7.9-26.9%) at all weighing intervals and
in mean offspring body weight of the
mid-dose males on PND 0, 1, 7, 14 and
21 (5.7-26.5%) compared with controls.
Statistically significant lower mean body
weights in the low-dose males on PND 0,
1, 14 and 21 (6.9-11.2%) and low-dose
females (7.5-10.1%) at all weighing
intervals.

terminated at
PND 21 and no
detailed
examination of
offspring was
performed, as
the results of
this study were
used to design a
follow-up two-
generation
reproductive
study of DINP.

rat (Sprague-Dawley) male/female,
30 rats/sex/group

two-generation study
oral: feed

0, 0.2, 0.4, 0.8 % DINP (nominal
in diet), (corresponding to 0, 133-
153, 271-307, and 543-577 mg/kg
bw/day during gestation)

CAS 68515-48-0

No NOAELSs for parental or offspring
toxicity were derived from this study for
DINP due to liver changes in parents and
reduced mean body weights of offspring
at all doses (LOAEL 0.2% corresponding
to 114-395 mg/kg bw/day depending on
period considered).

Parental animals: No maternal toxicity
was seen and there were no changes in
dam body weight during gestation (P1).
No statistically significant differences in
male mating, male fertility, female

No evaluation
of sperm
parameters.

Waterman et
al. (2000)

Exxon
Biomedical
Sciences
(1996)
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Method

Results

Remarks

Reference

Vehicle: unchanged (no vehicle)

Exposure: Constant exposure up to
about 10 weeks prior to mating,
continuing throughout the mating
period. Males were sacrificed after
mating but treatment of the
females continued throughout
gestation and lactation until
weaning of the offspring on
postnatal day (PND) 21.

Test guideline: EC Dangerous
Substances Directive
(67/548/EEC), Annex V, Part B;
1987 (identical to OECD 416)

EPA OTS 798.4700 (Reproduction

fertility, female fecundity or female
gestational indices in P1 generation. A
slight decrease, not statistically
significant, of male mating, male fertility,
female fertility and female fecundity
indices was observed in P2 generation.

A statistically significant decrease in the
mean left ovary weight of the P1 females
at 0.8% (577 mg/kg bw/day) was
observed but in the absence of a clear
dose response, similar findings in the
right ovary weights, consistent pattern of
response between absolute and relative
organ weights, or correlating microscopic
findings, this decrease was considered
incidental and unrelated to treatment by

and Fertility Effects) the EU RAR.

Offspring: In high-dose males, there was
a statistically significant increase of
relative right and left epididymis weights
in P2 generation with a concurrent but
not statistically significant (by 7.5%)
increase of absolute epididymis weight.
No treatment-related clinical findings and
no biologically significant differences in
the F1 or F2 offspring survival indices.
Statistically significant, dose-related,
lower mean offspring bodyweights in all
treatment groups compared with controls
during the F1 or F2 generations (LOAEL
159 mg/kg bwi/day).

The above study descriptions of a one- and a two-generation study are based on descriptions in the
EU RAR (European Chemicals Bureau 2003a; see also Annex 1) and the published paper by
Waterman et al., 2000. These reproductive toxicity studies did not examine hormone-sensitive
endpoints such as anogenital distance or nipple retention, which are included in a more recent
guideline for reproductive toxicity studies (OECD TG 443: Extended One-Generation Reproductive
Toxicity Study, OECD 2011).

In the one-generation study (Waterman et al., 2000/ Exxon Biomedical Sciences, 1996), four groups
of Crl:CDBR, VAF Plus rats (30 rats/sex/group) were administered daily in the diet DINP (MRD 92-
455, CAS 68515-48-0) at doses of 0, 0.5%, 1.0% and1.5% (corresponding to 0, 377-404, 741-796,
and 1087-1186 mg/kg bw/day during gestation).

Overall, no effects on fertility were detected in the first study (one-generation), but statistically
significant changes were seen in parental male reproductive organ weights (increased absolute and
relative weights of testes and epididymides, and increased relative weights of seminal vesicle) in the

33



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON 1,2-
BENZENEDICARBOXYLIC ACID, DI-C8-10-BRANCHED ALKYLESTERS, C9- RICH; [1]
DI-“ISONONYL” PHTHALATE; [2] [DINP]

highest dose group. A reduction in absolute and relative ovary weights of high dose females at
termination (end of lactation) was seen concomitantly with a 23% reduction in body weight.
However, no microscopic evaluation of reproductive organs and no evaluation of sperm parameters
were performed. DINP exposure reduced the percentage of live birth pups, and reduced pup survival
in the highest dose group. In offspring, dose-related decreases in mean offspring body weight were
seen during the postnatal period (PND 0-21) and in adulthood. In both males and females,
significantly reduced body weights were seen at all dose levels. At the end of weaning, pups in the
high dose group weighed 53-54% of controls.

This study was followed up by a two-generation study using lower doses (see description below).

In the two-generation study (Waterman et al., 2000/ Exxon Biomedical Sciences, 1996), male and
female SD rats were exposed to DINP from 10 weeks before mating and through mating, gestation
and lactation until terminal sacrifice. Doses were 0-0.2%-0.4%-0.8% corresponding to 133-153, 271-
307, and 543-577 mg/kg bw/day during gestation. Overall, no changes in fertility or parental male
reproductive organ weights were seen. This study was based on guidelines not including evaluation
of sperm parameters. An increase in relative epididymis weights were detected in adult male
offspring. Mean litter size was increased at all doses in both generations, whereas no effects on live
births or pup viability was found. In F1 and F2 generations, lower mean offspring bodyweights were
seen in all treatment groups compared with controls. However, when the litter size was taken into
account, effects were only significant in high-dose males on PND 0, in males and females of the mid
and high-dose levels on PND 7 and 14 and in all treated animals on PND 21. In addition, the weights
of all F1 and F2 treated offspring were within the historical control range of the laboratory with the
exception of the F2 high-dose males and females on PND 0 and the F2 high-dose males on PND 1
(considering litter size). These findings were considered by the laboratory as the results of maternal
stress and/or direct effects of DINP via exposure through lactation. In both generations of offspring,
increased liver and kidney weights were seen in males and females. These findings were most marked
in F1 offspring showing effects from 0.4%, whereas the second generation showed effects at 0.8%
only.

The finding of decreased body weights in offspring at all doses in the two-generation study was
applied to set a LOAEL of 159 mg/kg bw/day for developmental toxicity (European Chemicals
Bureau 2003a and ECHA 2013).

These two studies together indicate effects of DINP on development (decreased offspring body
weight), but no clear conclusions regarding toxicity to fertility can be drawn as sperm parameters and
reproductive organ histology were not examined. Furthermore, findings in repeated dose studies (see
section 4.7) showed reductions of testis weights at high doses of DINP, whereas the one-generation
study showed increases of testis and epididymis weights. Discussion of effects of DINP on fertility
is presented in section 4.11.4.

4.11.1.2 Human information

Table 11:  Summary table of relevant human data on fertility

Method Results Remarks Reference
Cross-sectional study, Differences between highest and lowest Joensen et
n=881, quartile of exposure to DINP metabolites al., 2012
Danish young men, with regards to levels of FSH and the

Study period 2007-20009. ratio of testosterone:LH.

Assessment of urinary DEHP and
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Method Results Remarks Reference
DINP metabolites (spot urine),

serum hormone levels and sperm

parameters.

Cross-sectional study, No clear associations between DINP or Specht et al.,
N=589, DEHP exposures and measures of sperm 2014a

Male partners of pregnant women, | quality and serum hormone levels.

Greenland, Poland, Ukraine,

Study period 2002-2004.

Assessment of serum DEHP and

DINP metabolites, serum hormone

levels and sperm parameters.

Cross-sectional study and Some negative associations between Specht et al.,
retrospective interview regarding DINP metabolites and serum testosterone 2014b

time to pregnancy, levels at some study sites. Negative

N=938 women and 401 men, associations between some metabolites

Greenland, Poland, Ukraine. and measured sperm and hormone

Assessment of serum DEHP and parameters, but overall no clear

DINP metabolites, serum hormone | indications of effects of DINP or DEHP

levels and sperm parameters. on male reproductive function.

Cross-sectional study, No clear associations of phthalate Mieritz et al.,
N=555 boys and young men, exposure with any of the examined 2012
Denmark, reproductive parameters.

Assessment of urinary phthalate

metabolites (morning urine), serum

hormone levels, puberty timing

and presence of gynaecomastia

A study by Joensen et al., 2012, investigated a group of 881 Danish young men in 2007 to 2009. The
association between phthalate metabolites in blood and urine, and individual levels of testosterone,
LH and sperm quality measures was examined. Exposures based on urinary metabolite levels were
presented as quartiles. For the DINP metabolite MINP, statistically significant reductions in free
androgen index (serum levels of total testosterone relative to levels of sex hormone binding globulin)
was seen in each of the three highest quartiles compared to the lowest quartile (15% lower free
androgen index in highest compared to lowest MINP quartile; p<0,001). In the highest quartile of
DINP exposure, FSH levels were 13% lower (p<0.05) and the total testosterone to LH ratio was 9%
lower (p<0,05) than in the lowest quartile. The free androgen index relative to LH levels were 19%
lower in the highest versus the lowest MINP quartile, whereas there were no significant differences
in LH or testosterone levels as such. Overall, the same picture was seen for DEHP metabolites. There
was little evidence of associations between urinary phthalate metabolites or sums of phthalates with
reproductive hormones or semen quality. The authors suggested that testosterone production and
central gonadotropin secretion were affected by phthalate exposure, but emphasized that there may
be other causes of the observed associations.

Specht et al., 2014: In a cross-sectional study of 589 male partners of pregnant women from
Greenland, Poland and Ukraine, serum levels of both individual secondary metabolites of DINP, and
a summed metric for DINP metabolites (summary-MINP), was used to estimate internal exposure.
The men gave semen and blood samples and were interviewed. Six phthalate metabolites of DEHP
and DINP were measured by liquid chromatography tandem mass spectrometry in serum. The
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metabolites were summed according to their molar weight and recalculated to an estimate of the
internal concentration of the mother compounds; a new variable determined proxy-MINP. Trend
analysis indicated a statistically significant negative association between serum levels of individual
secondary metabolites and summary-MINP with the serum concentrations of testosterone (p<0.05).
These associations were only seen across study sites, but were not statistically significant within each
site. Trend analysis also showed negative associations between the DINP metabolite 7cx-MMEHP
and sex hormone-binding globulin. There were no associations between individual secondary
metabolites or summary-MINP on observed semen parameters. For some DEHP metabolites negative
associations were seen with sperm volume and sperm count. The authors concluded that findings
were compatible with a weak anti-androgenic action of DEHP metabolites, but less so for DINP
metabolites.

Specht et al., 2015: In 938 pregnant women and from Greenland, Poland and Ukraine, serum levels
of DEHP and DINP metabolites (and summarized measures of DEHP and DINP metabolites) were
compared with time to pregnancy and other parameters investigated by face-to-face interviews. For
a subset of male partners of these women (401 males), blood samples and interview data were also
available. Fecundability ratios (FR) were calculated and represented the probability of conceiving
during a time period (e.g., one month or one menstrual cycle) within one group compared to the
probability in the reference group. Time to pregnancy (TTP) was not consistently associated with
phthalates among men or women at the three study sites. The FR was slightly elevated among women
with high levels of DEHP (FR=1.14, 95% CI 1.00;1.30) suggesting a shorter TTP in these women.
The FR was unrelated to DINP in women, but for first time pregnant women from Greenland
separately, a FR of 0.72 indicated that having 2.7 times higher Proxy-MINP serum levels would lead
to a 28% lower probability of conceiving in a menstrual cycle. First-time pregnant women from
Greenland with high serum DINP levels had a significantly longer TTP. For men the results were
inconsistent pointing in opposite directions. According to the authors, this study spanning large
contrast in environmental exposure did not indicate adverse effects of phthalates on couple fecundity.

In a cross-sectional study, Mieritz et al., 2012, studied a total of 555 healthy boys (age 6.07-19.83
years) as part of the COPENHAGEN Puberty Study. Anthropometry and pubertal stages (PH1-6 and
G1-5) were evaluated, and the presence of gynaecomastia was assessed. Non-fasting blood samples
were analysed for serum testosterone and morning urine samples were analysed for the total content
of 12 phthalate metabolites (MEP, MnBP, MIBP, MBzP, MEHP, MEHHP, MEOHP, MECPP,
MINP, MHINP, MiONP and MCiOP) by LC-MS / MS. Of the 555 boys and men, 38 had
gynaecomastia at the time of examination. Urinary levels of phthalate metabolites were not associated
with pubertal timing, serum testosterone or with the presence of pubertal gynaecomastia.

4.11.2 Developmental toxicity

4.11.2.1 Non-human information

Table 12:  Summary table of relevant experimental studies on developmental toxicity (chronol.
order). Supporting studies on effects on foetal testosterone production are included here.

Method Results Remarks Reference
rat (Wistar)
NOAEL of 200 mg/kg bw/day for Hellwig et al.
oral: gavage maternal and developmental effects (1997)
(skeletal effects (rudimentary ribs)) at
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Method

Results

Remarks

Reference

doses: 0, 40, 200, 1000
mg/kg/d

Vehicle: olive oil

Exposure: day 6 through 15
post coitum (p.c.) (daily)

OECD Guideline 414
(Prenatal Developmental
Toxicity Study)

CAS 68515-48-0 and
28553-12-0

1000 mg/kg bw/day.

rat (Sprague-Dawley), n=25
oral: gavage

doses: 0 (Control), 100, 500
and 1000 mg/kg/day
nominal conc.)

CAS: 68515-48-0
Vehicle: corn oil

Exposure: Gestation Day 6
through Day 15 (Daily)

equivalent or similar to
OECD Guideline 414
(Prenatal Developmental
Toxicity Study)

Maternal NOAEL of 500 mg/kg
bwi/day due to reduced body weight
gain and mean food consumption at
1000 mg/kg bw/day.

Developmental NOAEL of 100 mg/kg
bwi/day due to findings of visceral
(dilated renal pelvis and hydroureter)
and skeletal (rudimentary cervical and
accessory 14" ribs) variations at 500
and 1000 mg/kg bwi/day.

Waterman et al,
1999

ExxonMobil
(1994c)

Rat (SD), n=19 in control
group, n=14 in DINP group.

Oral: gavage

Dose: 0, 750 mg/kg/d
CAS: 68515-48-0.
Vehicle: corn oil

Exposure: GD 14 to PND 3

NOAEL.: Not determined
LOAEL: 750 mg/kg bw/day

Increased number of areolas in males,
increased incidence of malformations
of male reproductive organs

One dose only.

Gray et al., 2000

rat (SD), n=5-6 dams per
group

oral: diet

NOAEL: =230 mg/kg bw/day

LOAEL:=1165 mg/kg bw/day
Reduced testes weights in offspring in
prepuberty. Slight histological changes
in testes in adulthood.

Masutomi et al,

2003
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Method

Results

Remarks

Reference

Doses: 0, 400, 4000, or
20,000 ppm

CAS: 28553-12-0, purity:
>0989%

Exposure: GD 15 to PND
10

Rat (Wistar), n= 8 dams per
group

Oral: gavage
Dose: 0, 750 mg/kg bw/day

CAS no. 28553-12-0, purity
>99%

Vehicle: peanut oil

Exposure: GD7 to GD 21

NOAEL: Not determined
LOAEL: 750 mg/kg bw/day

Statistically significant decreased
testicular testosterone content GD
21(p<0.01)

One dose only.

Borch et al., 2004

rat (Wistar-Imamichi), n=4
litters

oral: diet

Doses: 0, 40, 400, 4000,
20000 pm. Food
consumption or dose in
mg/kg-d were not reported.

Exposure GD 15 to PND 21

NOAEL: Not determined

LOAEL.: 40 ppm (est. 2 mg/kg
bwi/day)

Reduced AGD in males PND 1 in all
doses. Increased AGD in females at

20000 ppm (est. 1000 mg/kg bwi/day).

Reduced copulatory behaviour in
females at all doses.

Changes in hypothalamic gene
expression

All groups affected.
This study was not
considered sufficient
by ECHA 2013 to
change the
developmental
NOAEL. No details
on corrections for
litter effects.

CAS no. 28553-12-
0, purity >98%)

Lee et al., 2006

rat (SD), n=7-8

oral: gavage

0, 250, 750 mg/kg/day
Vehicle: corn oil

Exposure: GD 13 to GD 17

No effect on testosterone production
on GD 19

No examination of
testosterone
production at end of
dosing (GD 17) but
after 2 days recovery
period (GD19)

Adamsson et al.,
2009

rat (Wistar), n=9-10 litters
oral: gavage

0, 300, 600, 750, 900
mg/kg/d

CAS 28553-12-0, purity

NOAEL: 300 mg/kg/d
LOAEL: 600 mg/kg/d

At 600 mg/kg bw/day: Reduced
percentage of motile sperm and
histological changes in foetal testis.

Satellite study
examined foetal
testes (n=3-4 litters)

Boberg et al.,
2011;

Corrigendum
Boberg et al.,
2016
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Method Results Remarks Reference
99% At 750 mg/kg bw/day: reduced pup
) ) body weights, increased male nipple
Vehicle: corn oil retention, and altered female
Exposure: GD 7 to PND 17 | Penaviour.
At 900 mg/kg bw/day: reduced male
AGD. Increased sperm count per g
cauda epididymis.
rat (Harlan SD), n= 3-6 NOAEL: Not determined Similar effects of the | Hannas et al.,
litters two different CAS 2011
LOAEL: 500 mg/kg/d numbers of DINP
oral: gavage . .
Reduced testis testosterone production
Doses: 0, 500, 750, 1000, GD 18 at all tested doses (reduced to
1500 mg/kg/d 31% of control level at top dose; see
table below)
Two types of DINP: CAS
28553-12-0 and CAS
68033-90-2
Vehicle: corn oil
Exposure: GD 14 to 18
rat (SD), n=8-9 NOAEL: 50 mg/kg/d Effects on Leydig Clewell et al.,
cell clustering at 750 | 2013a
oral: gavage LOAEL: 250 mg/kg/d mg/kg bw/day
Doses: 0, 50, 250, 750 Statistically significant decrease in
mg/kg/day 'gestis testosterone content a_md
increased presence of multinuclear
CAS 68515-48-0 gonocytes at GD 19 in animals
exposed to 250 mg/kg/d and 750
Vehicle: corn oil mg/kg bw/d.
Exposure: GD 12 to 19
rat (SD), n=24 (controls), NOAEL: 56 mg/kg/d (760 ppm) DBP used as Clewell et al,
n=20 (DINP groups). positive control. 2013b

oral: diet

Doses: 0, 760, 3800, 11400
ppm

CAS 68515-48-0, 99.9%
diester phthalates primarily
with alkyl chains of
isononyl alcohols (C9H19)
with different branching
structures

LOAEL.: 288 mg/kg/d (3800 ppm)

At 3800 ppm: Increased number of
animals with multinuclear gonocytes at
PND 2, and reduction of male pup
weight PND 14.

At 11400 ppm: reduction of maternal
weight and male pup weight at PND 2,
reduction of AGD and anogenital
index at PND 14, increased incidence
of Leydig cell aggregates and
multinuclear gonocytes at PND 2,

Measurements of
blood metabolites.
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Method

Results

Remarks

Reference

Exposure: GD 12 to PND
14

reduction of absolute weight of LABC
at PND 49/50.

Rat (SD), n=3-4 per group
Oral: gavage
Dose: 0, 750 mg/kg/day

CAS no. 28553-12-0, 98,8%
and 68515-48-0, 99%

Inhibition of testosterone synthesis,
testosterone production significantly
reduced at 750 mg/kg/day

Short-term in vivo
One dose only.

Similar effects of
two different CAS
numbers of DINP

Furr et al. 2014

Oral: gavage

Doses: 10, 100, 500, 1000
mg/kg bw/day

CAS 28553-12-0 purity
>999%

Exposure: GD 12 to 21

Statistically significant reduction of
testicular testosterone content at 1000
mg/kg bw/day (dose-dependent
decrease at all doses, NS). Histological
changes in testes (clustering of Leydig
cells from 10 mg/kg; dysgenesis of
seminiferous chords and presence of
multinucleated gonocytes from 100
mg/kg). Reduced mRNA levels of

findings are referred
to as “in foetal
testes”, but actually
all examinations
were performed in
neonatal pups (day
of birth).

DINP is weak
Exposure: GD 14 to GD 18 positive.
Rat (SD), n=6 per group No effect on AGD in neonatal pups. In the paper, Lietal., 2015

InsI3 from 10 mg/kg; reduced mRNA
levels of several genes involved in
steroidogenesis from 100 mg/kg.

The developmental toxicity studies by Hellwig et al., 1997, and Waterman et al., 1999, were
performed according to OECD Guideline 414 and did not examine testicular histopathology or
hormone-sensitive endpoints such as anogenital distance or testicular testosterone production
(Hellwig et al., 1997, Waterman et al., 1999, see also Annex I). A number of studies with DINP have
been published examining hormone-sensitive endpoints in offspring before or after birth. Most of
these studies were published after the EU RAR from 2003. These studies are described below (based
on descriptions in EU RAR or publicly available scientific papers) and discussed in relation to
reproductive toxicity in section 4.11.4.

Hellwig 1997. Either CAS 68515-48-0 or 28553-12-0 (two preparations) was applied in three sub-
studies. In each screening study, eight to ten pregnant Wistar rats (Chbb/THOM) per group were
administered by gavage daily doses of 0 - 40 - 200 - 1,000 mg/kg/d (in olive oil DAB 9/10) on days
6-15 post-coitum. One half of the foetuses were examined for soft tissue abnormalities and the
remaining foetuses for skeletal abnormalities.

With DINP CAS 68515-48-0 dams at 1,000 mg/kg/d dams consumed less food without concurrent
statistically significant decrease of the body weight (decrease around 3-4% compared to the control
group). At autopsy a statistically significant increase in relative kidney weights was recorded at 1,000
mg/kg/d; the relative liver weights were slightly, but not statistically significantly, increased.
Absolute liver and kidney weights data were not reported. An increased occurrence of foetal skeletal
variations was seen at 1,000 mg/kg/d consisting mainly of rudimentary cervical and/or accessory 14th
ribs. The NOAEL for the conceptuses was considered to be 200 mg/kg/d and the NOAEL for the
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dams is considered 200 mg/kg/d, based on slight decrease of food consumption and a slight increase
of relative kidney weights.

With DINP CAS 28553-12-0 no significant decrease of food consumption, of the body weight, and
of the corrected body weight gain was observed. Absolute and relative liver and kidney weights were
not affected by the test substance. The only substance-related foetal effect was a statistically
significantly increased incidence of a skeletal variation namely accessory 14th rib(s): 5/10 vs. 0/10 in
controls on a per litter basis at 1,000 mg/kg/d. The respective values were distinctly above the
historical control values. It was assumed that the NOAEL for the conceptuses was 200 mg/kg/d and
the NOAEL for the dams was 200 mg/kg/d.

In a third sub-study with another preparation of DINP CAS 28553-12-0, developmental toxicity was
present in the form of increased rates, of certain skeletal retardation (unossified or incompletely
ossified sternebrae) and skeletal (rudimentary cervical and/or accessory 14th ribs) variations. The
statistically significant increased occurrence of 1,000 mg/kg/d foetuses with rudimentary cervical
(78% vs. 0 in controls on a per litter basis) and/or accessory 14th ribs (89% vs. 0 in controls on a per
litter basis) was considered to be related to the test substance administration to the dams. The
respective values were far above the actual and historical control values.

Waterman et al., 1999. In a developmental toxicity study, four groups of 25 Sprague Dawley
/Crl:CDBR rats were administered daily by gavage DINP (MRD 92-455, CAS 68515-48-0) at doses
of 0 - 100 - 500 - 1000 mg/kg (in corn oil) on days 6-15 of gestation. One half of the foetuses were
examined for visceral abnormalities and the remaining foetuses for skeletal abnormalities.
Statistically significant decreases of the dam body weight gain (42.6 g vs. 50 g in control group) and
of the mean food consumption (178.6 g vs. 195.9 g in control group) were observed at 1,000
mg/kg/day during the treatment period (6-15 days of gestation). However, mean body weight gain of
all treated group females was essentially equivalent for the overall gestation period and after
correction for gravid uterine weight when compared with controls. No statistically significant
differences in mean foetal body weight and no statistically significant increases in total or individual
external, visceral or skeletal malformations between treated and controls were observed. However,
statistically significant increases in foetuses with skeletal lumbar rudimentary ribs and with visceral
(dilated renal pelves) variations were seen at 1,000 mg/kg/d on a per litter basis. Specifically, dose-
related increase was seen in the total number of foetuses with visceral (mainly dilated renal pelves)
variations on a per foetus basis (7/190, 8/198, 9/178 at doses of 100- 500 - 1,000 mg/kg 1/194) and
on a per litter basis (3/25, 4/24, 6/23 at doses of 0 - 100 - 500 - 1,000 mg/kg vs. 0/23 in controls).
However, variations were only significantly increased at the high-dose level on a per litter basis (6/23
vs. 0/24 in controls. Skeletal variations, mainly rudimentary lumbar and cervical ribs showed a dose-
response trend on a per litter as on per foetus basis (32/191, 28/186, 55/194, 76/174 on a per foetus
basis and 15/24, 16/25, 22/24, 20/23 on a per litter basis at doses of 0 - 100 - 500 -1000 mg/kg,
respectively). A statistically significant difference from controls on a per litter basis was observed
only at 1,000 mg/hg/d (22/24 vs. 15/24 in controls). When considered individually, only rudimentary
lumbar ribs were statistically significantly different from controls on a per litter basis at the high dose
of 1,000 mg/kg (18/23 vs. 6/24 in controls). Based on the clear dose-response profile, together with
the fact that incidence of dilated pelves was zero in controls, a NOAEL of 500 mg/kg/d was assumed
for developmental toxicity. The NOAEL for the dams was 500 mg/kg/d.

Gray et al., 2000 performed a study on several phthalates. Pregnant rats were gavaged daily with
DINP, DEHP, BBP, DEP, DMP and DOTP at single dose of 750 mg/kg/d in corn oil as vehicle from
gravid day 14 through postnatal day 3. n=19 control litters and 14 DINP exposed litters. Male
offspring with areolas were observed in the DEHP, BBP and DINP dose groups at day 13. Males in
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the DINP (7.7%, p<0.04), DEHP, (91%, p< 0.0001), and BBP (84%, p< 0.0001) treatment groups
had malformations of testis, epididymis, accessory reproductive organs and external genitalia. DINP
treatment (750 mg/kg bw/day) modestly reduced maternal weight gain, but maternal body weights
were not significantly reduced at any time, and by the end of dosing on PND 3, dams showed no
weight change from the start of dosing. DINP did not affect pup weight, nipple retention or AGD in
contrast to DEHP and BBP. DINP did not change weights of male reproductive organs in contrast to
BBP and DEHP, which reduced several organ weights at PND (testes, levator ani bulbocavernosus
muscle, seminal vesicle, ventral prostate, glans penis, epididymis) of the chemicals altered serum
testosterone or weights of kidney, liver, pituitary, or adrenals.

Masutomi et al., 2003, examined the influence of perinatal exposure (GD 15 to PND 10) to DINP on
anogenital distance, prepubertal organ weights, puberty onset, adult organ weights and histology of
endocrine organs in SD rats (in parallel with studies on methoxychlor and genistein). Dietary doses
of 400, 4000 or 20000 ppm corresponded to 30.7, 306.7, and 1164.5 mg/kg bw/day in the gestational
period and to 66.2, 656.7, and 2657 mg/kg bw/day in the lactational period (n=5-6 litters per dose
group). Reduction in maternal food consumption and body weight gain in the high dose group was
seen during gestation and lactation. A slight decrease in mean number of live offspring was seen at
the highest dose level of DINP (82% of controls, NS), and pup body weight gain was significantly
decreased at PND 2-10. Anogenital distance was reduced to 90% of controls at the two highest doses,
but this was not statistically significant, and as body weight was also reduced, it is not clear whether
anogenital index (body weight-corrected anogenital distance) would be different from controls in this
study with a small number of litters. Prepubertal offspring exposed to DINP at 4000 and 20000 ppm
had reduced body weight, whereas reduced absolute brain weight and increased relative brain weight
was seen at 20000 ppm. Absolute and relative testes weights were reduced at the highest dose level
(prepuberty). Absolute ovary and uterus weights were reduced at 20000 ppm with no change in
relative weights (prepuberty). Numerical values for these endpoints are listed in table 13 below.

Table 13:  Data from birth to prepubertal (PND21) necropsy
Group (ppm DINP) 0 400 4000 20000
No. of litters 5 5 5 5
Maternal body weight gain (g per day)
Gestational period (GD 15-GD 20) 123+21 | 133126 |149+24 55+ 1.5**
Lactational period (PND 2-PND 10) 48+1.6 52+28 54+15 0.7+ 2.9*
Maternal food consumption (g per day)
Gestational period (GD 15-GD 20) 266+21 |268+17 |269+21 19.2 £ 2.7**
Lactational period (PND 2-PND 10) 514+42 |542+49 |549+38 40.2 £ 5.5**
Calculated maternal intake (mg/kg per day)
Gestational period (GD 15-GD 20) 0 30.7+16.3 | 306.7 £12.8 | 1164.5+152.9
Lactational period (PND 2-PND 10) 0 66.2 +35.2 | 656.7 £ 35.8 | 2656.7 + 462.6
No. of live offspring 112+29 |126+15 |13.0+x20 9.2+33
Body weight, PND 2 (g)
Males 7.7+0.7 7.8+0.7 7 9 6.
Females + * +0.7 6.3+
AGD, PND 2 (mm)
Males 33+04 3.2+0.3 3.0+01 3.0+05
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Group (ppm DINP) 0 400 4000 20000
Females 11+01 11+01 09+0.2 09+0.2
Body weight gain (g per day)
Males
PND 2-PND 10 1.8+0.3 16+0.3 14+0.2 0.8+ 0.2**
PND 10-PND 21 26+04 2.8+0.3 2701 24+0.2
Females
PND 2-PND 10 1.8+04 1.6+0.3 14+02 0.8 £ 0.1**
PND 10-PND 21 26104 2.8+0.3 27+0.2 24+04
Organ weights, prepubertal necropsy
Males (no. of rats) 5 5 5 5
Body weight () 885+6.4 |844+38 |726+7.9* | 50.6+7.9**
Brain
Absolute (g) 1.63+0.11 | 1.59+0.01 | 1.56 +0.08 | 1.41+0.06**
Relative (g/100 g BW) 1.85+0.13 | 1.89+0.06 | 2.16 +0.22 | 2.84+0.39*
Adrenals
Absolute (mg) 204+05 |21.0+25 |18.0+31 16.0+4.7
Relative (mg/100 g BW) 231+13 | 250+31 |247+30 315+6.9
Testes
Absolute (g) 0.56+0.02 | 0.58+0.05 | 0.44+0.08 | 0.26 £ 0.06**
Relative (g/100 g BW) 0.63+0.03 | 0.67+0.04 | 0.61+0.05 | 0.51+0.05**
Females (no. of rats) 5 5 5 5
Body weight () 76.7+x47 | 79650 | 75043 46.6 + 2.4**
Brain
Absolute (g) 153+0.08 | 1.54+0.08 | 1.54+0.04 | 1.36+0.02**
Relative (g/100 g BW) 2.00+0.06 | 1.93+0.09 | 2.06+0.11 | 2.92+0.12**
Adrenals
Absolute (mg) 184+23 |20.0+35 |202+22 16.0+1.1
Relative (mg/100 g BW) 241+34 |250+47 |270+29 34.4 £ 4.4%*
Ovaries
Absolute (mg) 242+24 |210+19 |218+23 17.0 £ 2.4%*
Relative (mg/100 g BW) 34355 |264+23 |291+29 30.7+49
Uterus
Absolute (g) 484+123 [ 520+3.1 |48.0+57 25.4 + 4.2%*
Relative (g/100 g BW) 63.3+165 | 65.2+75 | 64.1+82 548+ 114

Values are shown as mean + SD. *p<0.05, **p<0.01, and ***p<0.001.

At the highest dose of DINP, body weights at puberty onset were reduced in male and females, but
no changes was seen in the age of puberty onset (Table 14). In adulthood (week 11) no changes in
body or organ weights were detected in DINP exposed groups. Ovaries in some adult females exposed
to 20000 ppm showed an increase of secondary follicles/decrease of corpora lutea, although the
change was not statistically significant. Testicular histology was slightly affected at 20000 ppm, as
degeneration of stage XIV meiotic spermatocytes and vacuolar degeneration of Sertoli cells were
observed in the testes. In these cases, scattered cell debris was found in the epididymal ducts. These
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changes were evaluated as minimal to slight in severity, but observed in four out of five animals at
this dose. In the ECHA review from 2013, these histological findings were discussed and it was noted
that “It may be concluded that perinatal exposure at dose levels causing systemic toxicity in the dams
induce minimal or slight but permanent changes in testes and ovaries of the offspring. The NOAEL
for the permanent (as well as nonpermanent) changes observed in this study is 307-657 mg/kg bw/day

(4000 ppm)” (p. 140) (ECHA, 2013).

Table 14:  Data from puberty to final necropsy
Group (ppm DINP) 400 4000 20000
No. of rats 8 8 8
Body weight gain (g per day)
Males
PND 21-PND 42 79103 8.3+0.6 75+0.6 6.5 +0.7**
PND 42-PND 77 6.6+05 6.9+05 6.7+0.8 6.4+05
Females
PND 21-PND 42 59+05 6.2+0.3 59+0.8 5. 7
PND 42-PND 77 3.0£04 32+£04 3.1£0.3 3.0+
Onset of puberty
Vaginal opening
Age (days) 36.0+1.3 34.8+0.7 35.5+0.8 35.8+0.7
Body weight (g) 139.5+13.1 133.7+5.9 1295+11.8 112.7 £ 20.8*
Preputial separation
Age (days) 41.8+05 419+04 42.1+0.6 423105
Body weight (g) 216.0+9.3 225.1+145 205.2 +15.2 177.3 £ 17.2**
Estrous cyclicity
Normal 8 8 8 8
Organ weights, final necropsy
Males (no. of rats) 5 5 5 5
Body weight (g) 5043+27.2 [527.0+247 |478.6+57.6 | 456.4+17.9
Brain
Absolute (g) 2.06 £ 0.09 2.13+0.09 2.11+0.06 2.00 +£0.05
Relative (g/100 g BW) 0.41+0.03 0.40+0.02 0.45+0.05 0.43+0.01
Pituitary
Absolute (mg) 15.0+ 2.0 16.4+21 146+22 142+1.8
Relative (mg/100 g BW) 2.99+0.52 3.11+040 3.07+045 3.11+040
Adrenals
Absolute (mg) 47.8+6.5 52.4+9.6 53.8+8.8 52.2+5.9
Relative (mg/100 g BW) 95+1.0 10021 11.3+1.7 115+1.4
Testes
Absolute (g) 3.11+0.54 3.43+0.17 3.16+0.14 2.92+0.32
Relative (g/100 g BW) 0.61+0.09 0.65+0.03 0.67 +0.07 0.64 + 0.07
Prostate
Absolute (g) 0.69+0.17 0.66+0.12 0.63+0.10 0.56 +0.25

44



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON 1,2-

BENZENEDICARBOXYLIC ACID, DI-C8-10-BRANCHED ALKYLESTERS, C9- RICH; [1]

DI-“ISONONYL” PHTHALATE; [2] [DINP]

Group (ppm DINP) 0 400 4000 20000
Relative (g/100 g BW) 0.14 £0.03 0.13+0.02 0.13 £ 0.02 0.12 £ 0.05
Females (no. of rats) 5 5 5 5
Body weight (g) 307.5+23.2 314.2 +£20.5 304.0 +£34.2 292.3+£23.7
Brain
Absolute (g) 1.96 +0.08 1.93+0.09 1.98 +0.08 1.92+0.13
Relative (g/100 g BW) 0.64 £ 0.06 0.62 £ 0.05 0.66 £ 0.07 0.65+0.10
Pituitary
Absolute (mg) 16.8+2.2 17.2+1.6 16.4+2.7 17.2+29
Relative (mg/100 g BW) 5.48 +0.70 5.48 + 0.49 5.38+0.51 5.87+0.72
Adrenals
Absolute (mg) 59.6 £12.5 55.8 £ 9.54 63.8+14.8 56.6 + 6.8
Relative (mg/100 g BW) 195+46 17.8+3.3 20.9+3.6 19.6+3.6
Ovaries
Absolute (mg) 94.6+14.0 92.0+15.0 92.6+5.8 88.6+11.9
Relative (mg/100 g BW) 309+5.1 29.4+5.1 30.7+35 30.7+6.0
Uterus
Absolute (g) 0.46 +0.10 0.42 +0.06 0.47+0.12 0.47+0.12
Relative (g/100 g BW) 0.15+0.02 0.13+0.01 0.16 £ 0.05 0.16 £ 0.05

Values are shown as mean + SD, expect from estrous cyclicity, which is presented as number of animals with
corresponding cyclicity. *p<0.05, **p<0.01, and ***p<0.001.

In study by Borch et al., 2004, pregnant Wistar rats were exposed from GD 7 to GD 21 with DINP
(750 mg/kg bw/day), DEHP (300 mg/kg bw/day) or a combination of DINP (750 mg/kg bw/day) plus
DEHP (300 mg/kg bw/day). Testicular testosterone production and testicular testosterone content was
statistically significantly (p<0.01) reduced (to around one third of control levels) in DINP exposed
male foetuses at GD 21. Plasma testosterone levels were reduced by 25%, but the reduction was not
statistically significant. Similar effects were seen with DEHP, and the effect was more marked in the
group receiving a combination of DEHP and DINP. Slight reductions in plasma testosterone and
slight increases in plasma LH were not statistically significant.

Lee et al (2006) examined the effects of perinatal exposure to DINP (CAS No 28553-12-0, purity
>98%) on hypothalamic gene expression, hormonal levels and sexual behaviour. In addition to
DINP, effects of DBP and di-(ethylhexyl)adipate (DEHA) were examined. Pregnant female Wistar-
Imamichi rats were exposed to DINP in dietary concentrations of 0, 40, 400, 4000 and 20,000 ppm
from GD 15 to the weaning on PND 21. The adjusted (normalised) AGD (AGD per cube root of
body weight ratio) was decreased on PND 1 in males at all tested dose levels (40, 400, 4000 and
20,000 ppm) showing some dose dependency. The adjusted AGD in females was increased at the
dose level of 20,000 ppm. Exact numerical values could not be obtained from the graphical
illustrations presented in published paper.

Female offspring showed a significant decrease in the lordosis quotient (number of lordosis
reflexes/10 mounts by males x 100%), a measure of sexual responsiveness, at all tested dose levels.
The lordosis quotient of female offspring was approximately 75, 50, 45 and 25% at 0, 40, 400 and
4000 ppm, respectively, which indicates a clear dose-depend effect. Reduced copulatory behaviour
was seen in the low dose group male offspring, without dose dependence.
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In the ECHA 2013 review, the limitations of this study are discussed with the conclusion that the
drastically reduced female sexual behaviour observed in this study need to be followed up before
any firm conclusions can be drawn.

Adamsson et al., 2009, examined the influence of DINP (and pp’-DDE) on testicular testosterone
production, testicular mRNA and protein levels for steroidogenesis and testicular histology in SD rats
exposed during gestation. Three groups of 7-8 pregnant dams were exposed by gavage from GD 13
to GD 17, and male foetuses were examined after caesarean on GD 19. No change in testosterone
production of foetal testes at GD 19 after exposure to 250 and 750 mg/kg bw per day of DINP were
found. DINP did not alter the histology of steroidogenic cells in the foetal testes or adrenals.
Adamsson et al. (2009) found increased mRNA levels of P450scc and Insl3, genes that are known to
be reduced by other phthalates and that are likely involved in the anti-androgenic effects of these
compounds. This discrepancy between previous studies on phthalate effects on steroidogenic factors
and the results reported by Adamsson et al., 2009 may be due to the fact that their study included a
recovery period of two days between the last dosing and the time of examination. The authors describe
in their discussion that the detected increase in P450scc and Insl3 may be a “rebound effect” due to
low testosterone production at the time of dosing a few days earlier (Adamsson et al., 2009). This is
also commented by ECHA 2013 (citation in italics): “It is considered plausible that testicular T
content, if reduced due to exposure, has recovered in two days between the last dosing and the point
in time when T levels were measured, and that the gene expressions associated with steroidogenesis
were increased for several days after cessation the exposure and after the exposure-induced
decrease . The study did not include any examination of testosterone production or levels at the end
of dosing at GD 17.

In the study by Boberg et al., 2011, pregnant Wistar rats were gavaged from gestation day 7 to
postnatal day (PND) 17 with vehicle, 300, 600, 750 or 900 mg DINP/kg bw/day. Offspring (subgroup
1, n=3-4) was examined on GD 21 or in adulthood (subgroup 2, n=9-10). A corrigendum from Boberg
et al., 2016a provided further description of the statistical methods than in the 2011 paper.
Furthermore, minor errors in descriptive statistics (but not in statistical results) were corrected in a
letter from Boberg et al. (submitted to Reproductive Toxicology November 2016).

DINP treatment did not alter maternal body weight and weight gain during pregnancy at any dose.

In foetal testes histopathological effects known for certain other phthalates were observed
(statistically significant from 600 mg/kg bw/day). As seen in Table 15 multinucleated gonocytes
(MNGs) were seen in some animals in the lowest dose group with dose dependent increase at higher
doses. In addition, most testes at the two highest dose levels had an increased number of gonocytes
with a central location in seminiferous chords, and chord diameters were significantly increased.

Table 15:  Testis histopathology GD 21 in rat fetuses exposed to 0, 300, 600, 750 or 900 mg/kg
bw/day of DINP from GD 7 to 21. One testis section evaluated from 1 to 4 males per litter. Table

lists: % affected, affected animals/total number of animals (affected litters/total number of litters).
Results in bold are significantly different from controls in a one-sided Fisher’s exact test (p<0.05).

Testis histopathology GD 21 Control DINP 300 DINP 600 DINP 750 DINP 900"

Total number of animals with histological 0%, 0/7 25%, 2/8 60%, 3/5  100%, 7/7 100%, 6/6

changes (0/3) (2/4) (2/3) (3/3) (3/3)

Multinucleated gonocytes 0%, 0/7 25%, 2/8 60%, 3/5 86%,6/7 100%, 6/6
(0/3) (2/14) (3/3) (3/3) (3/3)
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Testis histopathology GD 21 Control DINP 300 DINP600 DINP 750 DINP 9007

Many gonocytes with central location in chords 0%, 0/7 0%, 0/8 40%, 2/5 86%, 6/7  80%, 4/5
(0/3) (0/4) (2/3) (3/3) (212)

Enlarged diameter of seminiferous chords 0%, 0/7 0%, 0/8 40%, 2/5 57%, 4/7  60%, 3/5
(0/3) (0/4) (2/3) (1/3) (212)

#1n one of the six animals evaluated in this group, the testis was damaged and testis histology could not be fully
evaluated; however the presence of multinucleated gonocytes was noted.

Slight effects on testicular testosterone content and —production were observed, though this was only
statistically significant at 600 mg/kg bw/day for testicular testosterone content (approximately 50%
of control values). The low number of litters available for these analyses likely causes a low
sensitivity for detecting possible changes in hormone levels.

In male offspring, DINP caused dose-dependently increased nipple retention (statistically significant
from 750 mg/kg bw/day), reduced anogenital distance at PND 1 (statistically significant at 900 mg/kg
bw/day when corrected for body weight changes), and reduced body weights at PND 13 (no change
in birth weight) (Table 16). The reduction in AGD was seen in the absence of (significantly) reduced
male pup birth weight.

Table 16:  Body weights, anogenital distance at birth (AGD) and nipple retention on PND 13 for
pups exposed to DINP from GD 7 to PND 17 (mean £ SD). Values for DINP 900 group were
corrected in letter by Boberg et al. (submitted).

Males Control DINP 300 DINP 600 DINP 750 DINP 900
Birth weight?(g) 6.39+0.39 6.30+0.12 6.12+0.32 6.14+0.49 6.00+0.56
Weight PND 13%(g) 28.64+5.21 28.60+£2.99 27.44+2.25 26.25+3.58 25.57+2.96*

*
AGD? (units) 21.50+1.82 21.09+1.58 20.65+2.11 20.67+1.55 19.82+1.41*
AGDI® (units) 11.60+1.04 11.43+0.82 11.31+0.20 11.29+0.75 10.94+0.86*

Nipples 1.98+0.83 2.00+0.64 2.91+0.69¢ 3.14+1.21* 3.22+0.89*
Females
Birth weight?(g) 5.97+0.31 5.90+0.19 6.01+0.32 5.88+0.41 5.76+0.29
Weight PND 13%(g) 29.49+4.69 27.93+2.53 26.47+2.49 24.40+4.62*  24.67+3.19¢
AGD? (units) 11.05+0.90 11.32+0.85 11.38+1.30 11.27+0.86 10.70+0.66
AGDI® (units) 6.10+0.50 6.27+0.48 6.26+.0.67 6.25+0.38 5.98+0.41
Nipples 12.30+0.26 12.25+0.19 12.3+0.24 12.24+0.14 12.34+0.25

2 Analyzed with body weight as a covariate

® AGDi is defined as AGD divided by the cube root of the body weight

*ANOVA followed by Dunnett’s test p < 0.05. *ANOVA followed by Dunnett’s test p<0.01
¢ ANOVA followed by Dunnett’s test p=0.058, ¢ ANOVA followed by Dunnett’s test p=0.052

In adulthood (PND 90), a dose-dependent reduction in sperm motility was seen from 600 mg/kg
bw/day (14-19% reduction; Table 17). When data were analyzed without a low outlier in the group
exposed to 750 mg/kg bw/day the reduction in sperm motility was statistically significant (p<0.05)
from 600 mg/kg bw/day when (using Dunnett’s test). Data for sperm count per g cauda epididymis
was increased at 900 mg/kg bw/day, whereas there was no change in the total number of sperm in
cauda epididymis. The percentage of progressive sperm was decreased (23% reduction) at 750 mg/kg
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bw/day where one animal had very low sperm motility (also small testes and epididymides). When
data were analyzed without a low outlier in the group exposed to 750 mg/kg bw/day, the decrease in
progressive sperm was only borderline significant (p=0.08).

Table 17:  Semen quality analysis in male 90-day old rats exposed to 0, 300, 600, 750 or 900
mg/kg bw per day of DINP from GD7 to PND 17 (n = 6-10). Meanzx SD.

Group mean % motile sperm % progressive sperm/gram cauda sperm count
values sperm cauda

Control 59.25+7.09 32.19+6.94 428.44+93.80 0.23+0.02 97.84+20.73
DINP 300 57.19+7.34 33.56+5.02 474.78+61.51 0.21+0.02 101.14+17.08
DINP 600 51.25+8.25 * 27.81+7.82 455.85+77.20 0.23+0.02 102.10+17.87
DINP 750 47.92+£12.74 ** ##  24.69+8.01 * 423.44+96.36 0.21+0.03  91.68+25.14
DINP 900 49.43+£8.16 **, # 27.07+5.86 499.34+68.71 *, # 0.21+0.01 107.04+17.44

*p <0.05, **p < 0.01 in test for differences of LSmeans; # p<0.05, ## p<0.01 using Dunnett’s test correcting for multiple
comparisons.

Mean testicular T content was 63% of control levels at the highest dose level on PND 90, but this was
not statistically significant. There were no changes in adult reproductive organ weights, testis
testosterone or serum inhibin B levels or in the histopathology of adult male reproductive organs.
There was no statistically significant difference between groups in the number of nipples or AGD on
PND 90, however four adult DINP exposed animals had permanent malformations such as
epididymal and testicular dysgenesis and permanent nipples. One animal from each of the groups
exposed to 600 and 750 mg/kg bw per day of DINP had very small testes and epididymides. Two
other males exposed to 600 and 750 mg/kg/day of DINP, had 4 and 6 thoracic nipples, respectively.
These findings corroborate the findings of very low incidences of malformations of male reproductive
organs in the study by Gray et al., 2000.

DINP affected spatial learning as female offspring in the highest dose group performed better than
controls and similarly to control males in the Morris Water Maze, indicating masculinization of
behaviour in DINP exposed females. A dose-related reduction in swim length and latency to reach
the platform was seen in females with the highest dose group being significantly different from
control females but comparable to control males (Figure 1).

Effects of DINP on female behaviour were not observed on the other test days in the Morris water
maze, nor in the other behavioural tests performed (motor activity and habituation capability, spatial
learning and memory in the radial arm maze, and sweet preference).
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Figure 1: Results of a learning test in female rats exposed to 0, 300, 600, 750 or 900 mg/kg bw
per day of DINP from GD 7 to PND 17 (n = 7-10). Mean+ Standard Error Mean (SEM), *p < 0.05
compared to control females, #p < 0.05 control males compared to control females. A dose-related
reduction in swim length (A) and latency (B) to reach the platform was seen in females with the
highest dose group being significantly different from control females but comparable to control
males.

Hannas et al., 2011, describes a study in which pregnant Sprague-Dawley rats were exposed to 0,
500, 750, 1000, or 1500 mg/kg bw/day of DINP from GD 14 to 18 by gavage (in parallel with other
phthalates). The study included three blocks of animals exposed to two different CAS numbers for
DINP: CAS# 28553-12-0 from BASF was administered to 3-6 dams per dose group across two
separate blocks, and CAS# 68033-90-2 was administered to 3 dams per dose group in a single block.
DINP did not affect mortality, maternal body weight or litter size at any dose. Testicular testosterone
production ex vivo was assessed by incubation of testes of 18 day old foetuses for 3 hours and
testosterone measurement in the media. Dose-related statistically significant decreases in testosterone
production were seen for DINP from 500 mg/kg bw/day (Table 18) and for the other tested phthalates
(DEHP, DIiBP and DiHP (diisohexyl phthalate)) from 300 mg/kg bw/day and above. No NOAEL
could be obtained for DINP, as effects were seen at all dose levels, whereas the other phthalates were
tested in lower doses and showed a NOAEL of 100 mg/kg bw/day. DINP was 2.3 fold less potent
than DIBP, DIHP and DEHP in reducing foetal testicular T production (studied with a similar test set
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up) and 18-fold less potent that DPeP. The mean expression of mMRNA for the steroidogenic factors
StAR and CYP11a was reduced at all doses of DINP, though this was only statistically significant at
1000 and 1500 mg/kg bw/day. Overall, no differences were seen for the two different DINP
formulations.

Table 18:  Effects of DINP exposure from GD 14 to 18 (two different formulations) on testicular
testosterone production ex vivo and testicular mRNA expression of StAR and Cyplla on GD 18.

DINP dose, Testosterone N, StAR Cyplla N,
production, testosterone | expression, % of | expression, )
mg/kg bw/day . production | control gene expression
ng/testis % of control
Mean +SE Mean £SE Mean +SE
0 7.00+0.36 9 100.0 £ 19.0 100.0+9.6 7
500 4.90 £ 0.20* 5 72.8+19.0 83.1+9.1 5
750 3.87 £ 0.56** 5 63.8+11.0 72.4+11.3 5
1000 2.98 +0.19** 9 41.549.2 ** 52.447.0*** 9
1500 2.14 £ 0.27 ** 9 30.5+4.0 ** 51.1+7.6%** 8

*p<0.05, **p<0.01 and ***p<0.001

Clewell et al., 2013a (designated Clewell et al 2011a by ECHA 2013), performed a study on foetal
exposure (GD 12 to 19) of rats to DINP. Dams (27 controls and 8 DINP exposed dams) were dosed
from GD 12 to 19 and caesarean sections were performed 2 or 24 hours after last dosing (GD 20).
Three doses of DINP were administered by gavage: 50, 250 or 750 mg/kg bw/day. Another subset of
animals (25 controls and 8 DINP exposed dams) was similarly dosed from GD 12 to 19 and caesarean
sections were performed 2 hours after last dosing. The animals sacrificed 2 hours after dosing were
applied for measurement of testicular testosterone and metabolite disposition, whereas the animals
sacrificed 24 hours after dosing were applied for anogenital distance measurement, testicular
testosterone measurement, testicular histopathology, and metabolite disposition. Other animals were
sacrificed 0.5, 1, 6, and 12 hours after dosing and applied for metabolite disposition only, and these
analyses will not be discussed in detail here.

DINP exposure by gavage did not alter maternal body weight or weight gain during pregnancy and
did not alter foetal body weight at sacrifice. No change in fetal AGD at GD 20 was found (only one
measure of AGD is listed in the published paper, and it is assumed that this measure is for male
fetuses). In the foetuses exposed to 250 and 750 mg/kg bw/day of DINP an increased number of
multinuclear gonocytes in testes was seen, and testicular testosterone production 2 hours after dosing
was decreased.

It is noted by ECHA 2013 that foetal testicular T levels reduced by 50% at 250 mg/kg bw/day dose
level and by ~60% at 750 mg/kg bw/day dose level indicating that at lower dose levels the reduction
is larger than would be expected by linear extrapolation from higher dose levels.
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At the highest dose of 750 mg/kg bw/day also the incidence of Leydig cell aggregates was increased.
Table 19 below on histopathological findings in testes on GD 20 is adopted from ECHA 2013 and

Clewell et al., 2013a:

Table 19:

bw/day of DINP from GD 12 t019.

Histopathological findings at GD 20 in testes of rats exposed to 0, 50, 250, or 750 mg/kg

Control | DINP 50 mg/kg | DINP 250 mg/kg | DINP 750 mg/kg
bw/day bw/day bw/day

Number of animals examined 27 8 8 8

Animals with multinucleated 0 0 2 6*

gonocytes

Animals with increased number of 0 0 0 2

gonocytes

Animals with large Leydig cell 2 3 1 I

aggregates

* indicates p<0.001, one-way ANOVA.

Kinetic studies were performed to calculate internal and external exposure doses and compare
potencies with DEHP and DBP. The highest measured intratesticular concentrations of the DINP
metabolites MINP and MCIiOP related to decreased T levels were 92.9 vs 15.5 uM for MINP at one
hour after the final dose of 250 and 50 mg/kg bw/day, respectively, and 70.6 vs 25.0 uM for MCiOP
at 6 hours after the final dose of 250 and 50 mg/kg bwi/day, respectively. The potency of DINP
(internal and external dose) on reducing testicular testosterone content was compared with the
potencies of DEHP and DBP (internal and external dose). This is presented in Table 3 of the
publication, which is reproduced below (Table 20):

Table 20:  Comparison of the potencies of DINP, DEHP, and DBP for reduced testosterone in fetal
testes based on external ED50 and internal 1C50 values.
DBP DEHP DINP
External dose (ED50) (mg/kg/day) 39° 1002 250°¢
Maternal plasma monoester (IC50) (uM) 15° 10p 51¢
Fetal plasma monoester (IC50) (uM) 10° 6P 42¢

2 EDsg calculated from current data and data of other studies using one-site inhibition non-linear regression algorithm in
Prism 4.0 (GraphPad Software, Inc., La Jolla, CA).

b Fetal or adult rat average monoester plasma concentrations (AUC/h) predicted from EDsg values.

¢ Experimentally determined from Clewell et al., 2013a.

For the parent compound it appeared that DINP was 2.5 and 6 times less potent than DEHP and DBP,
respectively. For the calculated foetal plasma concentration it was calculated that the DINP
metabolite MINP was 7 and 4 times less potent than MEHP and MBP, respectively.

The study by Clewell et al 2013a was evaluated by ECHA 2013 concluding a NO(A)EL for effects
on the developing male rat reproductive tract of 760 ppm (50 mg/kg/day) and a LO(A)EL of 3800
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ppm (250 mg/kg/day) based on the significant increase in MNGs on GD 21 and reduction in
testosterone at GD 19.

Clewell et al., 2013b (designated Clewell et al 2011b by ECHA 2013), performed a dietary study on
the developmental effects of DINP on the male reproductive system. Dams were exposed through
diet to 0, 760, 3800 or 11400 ppm of DINP from GD 12 to PND 14. DBP was used as a positive
control at a dose of 7600 ppm. The target doses for these dietary concentrations were: 0, 50, 250 and
750 mg/kg bw/day of DINP and 500 mg/kg bw/day of DBP. The control group included 24 dams,
each DINP group contained 20 dams and the DBP group contained 21 dams.

The most sensitive endpoint appeared to be the presence of multinucleated gonocytes in testes on
PND 2, as this was increased significantly from 3800 ppm (250 mg/kg bw/day) with 7 of 20 animals
affected, and 18 of 19 animals affected at 11400 ppm (750 mg/kg bw/day). At the same dose (3800
ppm), male pup weight at PND 14 was reduced to 90% of control weight. At the high dose of 750
mg/kg bw/day several endpoints were affected: maternal weight and weight gain, male pup weight at
PND 2 (88% of control weight), anogenital distance and anogenital index (“scaled AGD”; AGD
divided by cube root of body weight) at PND 14, presence of Leydig cell aggregates in testis on PND
2, and reduction of absolute, but not relative, weight of the levator ani/bulbucavernosus muscle
(LABC) on PND 49-50. Numerical values for statistically significant effects at the high dose (11400
ppm DINP) are listed in Table 21.

Table 21:  Significant effects on dam and pup weight, male pup AGD, testis histopathology and
reproductive organ weights at high dose level of 11400 ppm DINP. Data aggregated from several
tables in Clewell et al., 2013b.

Day Control 11,400 ppm DINP
(750mg/kg bw/day)

Maternal weight (g) GD20 377+32 345+24**
Maternal weight (g) PND2 308+21 270+21%**
Maternal weight (g) PND14 334424 287+£32***
Maternal weight gain (g) GD10-20 100+16 70£23***
Male pup weight (g) PND2 8.3+0.2 7.3+0.2*%*
Male pup weight (g) PND14 37.7+0.8 27.520.7%**
Absolute AGD (mm) PND 14 11.39+0.19 9.57+0.27***
Scaled AGD PND14 3.40+0.04 3.17+0.08*
(AGD/BW'?)
Leydig cell aggregates (# PND2 4 19**
animals)
LABC (g) PND49-50 0.61+0.01 0.55+0.01**

Mean + SD. * p<0.05, **p<0.01, ***p<0.001

No change in anogenital distance or anogenital index was seen at PND 2. No changes in the number
of nipples were seen at PND 14 or 49-50, and no significant changes in genital tract malformations
or reproductive organ weights were observed at PND 49-50. However, at PND 14 control pups had a
relatively high number of nipples/areolae (1.8+0.4 average number/pup), and subtle effects on single
animals may be difficult to detect without analysis of original data.
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A few cases of incomplete or flaccid epididymides (6% of pups), interstitial edema in epididymides,
undescended testis, and slight hypospadias were seen in the DINP exposed groups. It is not clear
whether these effects were dose related as the incidence was low and a few controls also had flaccid
epididymides (2% of pups) and slight hypospadias. The reduction in maternal body weight was
related to a significantly reduced food intake, which may be related to food palatability according to
the authors. . The reduction of maternal body weight and body weight gain in gestation in the highest
dose group was related to a reduced food intake and thus not considered a sign of toxicity.

The positive control DBP showed more marked effects: reduced anogenital distance and anogenital
index on PND 2 and 14, reduced testis weight on PND 2, increased number of nipples on PND 14
and 49-50, increased number of multinucleated gonocytes and Leydig cell aggregates on PND 2,
reduced weights of seminal vesicle, ventral prostate, levator ani/bulbocavernosus muscle, and
kidneys, increased incidence of incomplete or flaccid epididymis, and increased incidence of enlarged
testis.

The study by Clewell et al 2013b was evaluated by ECHA 2013 concluding a NO(A)EL of 760 ppm
(50 mg/kg/day) and a LO(A)EL of 3800 ppm (250 mg/kg/day) based on the significant increase in
MNGs PND 2, and decreased pup body weight on PND 14.

A study by Furr et al 2014 was designed to develop and validate a short-term in vivo protocol to
detect phthalate esters (PESs) and other chemicals that disrupt foetal testosterone synthesis and testis
gene expression in rats. Pregnant rats were dosed from gestational day (GD) 14 to 18 at one dose
level (750 mg/kg) with one of 27 chemicals including PEs, PE alternatives, pesticides known to
inhibit steroidogenesis, an estrogen and a potent PPARo agonist. EX vivo testis testosterone
production (T Prod) was measured on GD 18. Dose-response studies were conducted with 11 of the
chemicals to determine their relative potencies. DINP was tested for two different CAS numbers
(CAS no. 28553-12-0 and 68515-48-0). DINP inhibited the testosterone synthesis and rats exposed
to 750 mg/kg/day had an average testosterone production of 3.23+0.34 ng/testis which is a statistical
significant reduction compared to controls with a production of 5.25+£0.45 ng/testis (p<0.01). Fetal
viability was not affected by DINP, but no other toxicity data were presented in the paper.

Li et al., 2015, investigated the effects of DINP in rats exposed by gavage from GD 12 to 21. DINP
was administered in doses of 10, 100, 500 and 1000 mg/kg bw/day to pregnant SD rats, n=6 for each
dose group. The published paper describes that dams gave birth at GD 21.5, and that body weight and
anogenital distance was measured in all pups. Pups were then sacrificed, and testes were removed.
The paper states that “fetal” testes were collected for examination of testosterone content, gene
expression and histology, but most likely these examinations concern the testes of neonate pups. One
dam from the high dose group died at GD 21.5, but the live foetuses were retrieved and included in
the studies.

DINP reduced body weight of male pups in all dose groups, but did not affect male AGD or
AGD/cube root of body weight (Table 22).

Table 22:  Body weight at birth of male pups exposed to 0, 10, 100, 500 or 1000 mg/kg bw/day of
DINP.
Male pups Control 10 mg/kg/day 100 mg/kg/day | 500 mg/kg/day | 1000 mg/kg/day
DINP DINP DINP DINP
Bodyweight (g) | 7.3+0.6 6.5+0.5* 6.1+0.6* 6.7+0.7* 6.6+0.8*

Values are mean + SEM. N=6 n. * P<0.001 (compared to control)
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Testicular testosterone level was dose-dependently reduced at all exposure levels, but this reduction
was only statistically significant at 1000 mg/kg bw/day (reduction to 43% of controls). The number
of testes with focal dysgenesis were significantly increased with 0 out of 6 testes affected in the
control group, 2 out of 6 testes affected at 100 mg/kg bw/day, 4 out of 6 testes affected at 500 mg/kg
bw/day, and 5 out of 6 testes affected at 1000 mg/kg bw/day of DINP. The percentage of seminiferous
chords with multinucleated gonocytes (MNGs) were increased in a dose-dependently manner at all
dose levels, and the increasing were statistically significant at 100, 500 and 1000 mg/kg bw/day DINP
(Figure 2)

Percentage of seminiferous chords with multinucleated gonocytes in study by Li et al.,
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DINP dose (mg/kg)
Mean + Standard Error of Mean (SEM). ** p<0.01 and ***p<0.001. Graphical illustration retrieved from Li et al.,2015.

Increased clustering of Leydig cells were seen at all dose levels (Table 23). Gene expression studies
showed a marked reduction of InsI3 expression at all dose levels and a dose-dependent reduction of
testicular expression of several genes involved in steroidogenesis (Cypllal, HSD3bl, Cypl7al)
from 100 mg/kg bw/day. Exact numerical values could not be obtained from the graphical illustration
presented in the published paper.

Table 23:  Frequency distribution of cluster sizes of fetal Leydig cells after in utero exposure to
DINP
Cell no. per cluster 0 mg/kg/day | 10 mg/kg/day | 100 mg/kg/day | 500 mg/kg/day | 1000 mg/kg/day
1 26 +5 2146 11 + 5*** 14 + 4* 16 £ 7*
2-4 48+5 40 + 1* 38 + 4*** 39 + 4** 35 + 7H**
5-16 29+5 33+7 41 + 6* 33+6 33+6
>16 0.16 £ 0.23 6 + 3*** 11 + 3*** 14 + 3*** 14 + 7%**
Average 4+0 6 + 1x** 8 & 1x** 8 & 1x** 8 + 3xx*

Values are shown as percentage with mean + Standard Error of Mean. *p<0.05, **p<0.01 and ***p<0.001.

54



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON 1,2-
BENZENEDICARBOXYLIC ACID, DI-C8-10-BRANCHED ALKYLESTERS, C9- RICH; [1]
DI-“ISONONYL” PHTHALATE; [2] [DINP]

4.11.2.2 Human information

Table 24:  Summary table of relevant information from human epidemiological studies.

Method Results Remarks Reference

Human epidemiological study All phthalate monoesters were Main et al., 2006
. . found in breast milk with large
Biologic samples from a

prospective Danish—Finnish cohort varlgtlons [medians (minimum-
study (1997 to 2001). Analyse of | Maximum)]: MINP 95 (27-469
individual breast milk samples ng/L).

collected as additive aliquots 1-3
months postnatally (n = 130; 62 3-months old boys exposed to
cryptorchid/68 healthy boys) for higher concentrations of
phthalate monoesters e.g. mono- phthalate monoesters in breast
isononyl phthalate (MINP) (DINP | milk, showed slight, but

metabolite). significant, decrease in levels of

Analyze of serum samples for LH, free testosterone, or the

gonadotropins, sex-hormone ratio between LH and free

binding globulin (SHBG), testosterone. For DINP

testosterone, and inhibin B metabolites, the only significant
finding was a positive
correlation between MINP and
the ratio between LH and free
testosterone. No associations
were seen between phthalate
metabolite levels and
cryptorchidism.

Human epidemiological study. Associations were found Bornehag et al.,

between AGD measures and 2015

Anogenital distance was measured certain phthalate metabolites.

in 196 boys at 21 months of age

and analysis of phthalate The most significant association
metabolites was performed on was found for AGDas

maternal urine from first trimester | (anoscrotal distance) and DINP

of pregnancy. metabolites, however the AGD

as reduction was small (4%) in
relation to more than an
interquartile range increase in
DINP exposure.

Data obtained in 2009-2010.

Human epidemiological study. The investigated DINP Jensen et al., 2015

metabolite showed elevated
Case-control study on levels of dds ratio point estimates f
phthalates in amniotic fluid from © S ratio poin e_s _|ma es Tor
second trimester and occurrence of | having cryptorchidism and
cryptorchidism and hypospadias. | hypospadias but was not
300 controls, 270 cryptorchidism consistently associated with the
cases, 75 cases of hypospadias. steroid hormones or insulin-like
Metabolites of DEHP and DINP in | factor 3.
amniotic fluid were examined for
associations with testosterone
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Method

Results

Remarks

Reference

levels, insl3-levels and
cryptorchidism and hypospadias.

Human epidemiological study.

Urinary concentrations of 12
phthalate metabolites in maternal
blood (week 28 of gestation) were
compared with anogenital distance
and penile width of their sons 3
months after expected date of
birth. N=245.

No consistent associations were
seen between any prenatal
phthalate exposure and AGD or
penile width.

Lower phthalate
levels were
registered in this
cohort than in a
recent Swedish
study on phthalate
exposure in first
trimester.

Jensen et al., 2016

Axelsson et al.,
2015

Human epidemiological study. Men in the highest exposure
tertile of a DINP metabolite had
lower total testicular volume,
higher levels of FSH and lower
semen volume than men in the
lowest tertile. Comparable
findings were seen for DEHP
metabolites. It is concluded that
prenatal levels of DINP seemed
negatively associated with
reproductive function of
adolescent men.

Maternal serum levels of DEHP
and DINP metabolites were
compared with testicular size,
semen quality and reproductive
hormones in 112 adolescent sons.

A study by Main et al. 2006 was carried out as a case-control study on biologic samples from a
prospective Danish—Finnish cohort study (1997 to 2001). Individual breast milk samples were
collected as additive aliquots 1-3 months postnatally (n = 130; 62 cryptorchid/68 healthy boys): The
study did not find any association between phthalate monoester levels and cryptorchidism. However,
there was a positive correlation between MINP in breast milk and serum LH:testosterone ratio in boys
3 months of age without cryptorchidism (Spearman correlation r=0.323, p=0.034). The same was
seen for the LH:free testosterone ratio (Spearman correlation r=0.319, p=0.038). P-values were not
adjusted for multiple testing. For LH, the positive correlation was not statistically significant (0.273,
p=0.078). For comparison, MEP and MBP correlated positively with sex-hormone binding globulin
(SHBG), monomethyl phthalate (MMP), monoethyl phthalate (MEP) and monobutyl phthalate
(MBP) with LH:free testosterone ratio and MBP correlated negatively with free T. The positive
correlation between MINP and LH:free testosterone ratio was stronger for the other mentioned
phthalate monoester, as correlation factors were: r=0.517 for MEP (p=0.0005), r=0.462 for MBP
(p=0.001), r=0.389 for MMP (p=0.010). Other phthalate monoesters (monobenzyl phthalate and
monoethyl phthalate) showed similar but nonsignificant tendencies. In the ECHA review from 2013,
the following evaluation of that study was made: “The reproductive hormone levels and information
on phthalate exposures in newborn boys suggest that human Leydig cell development and function
may be vulnerable to perinatal exposure to some phthalates. Data support also other findings
indicating incomplete virilization in infant boys exposed to phthalates perinatally. However, the study
groups may have been too small to detect subtle effects and the postnatal exposure assessment during
lactation may have missed the critical window. ”
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Bornehag et al., 2015, examined the associations between metabolites of different phthalates in
maternal urine in first trimester and different measures of anogenital distance in sons at 21 months of
age. The study was carried out in 196 Swedish boys in 2009-2010. Two measures of anogenital
distance were performed; AGDap was from anus to the anterior base of the penis, and AGDas was
from anus to the posterior base of the scrotum. Associations were found between AGD measures and
certain phthalate metabolites. The most significant association was found for AGDas (anoscrotal
distance) and DINP metabolites, however the AGDas reduction was small, with association of XDINP
of B =-1.69 (range —3.35, —0.02) with a p-value of 0.047 in an adjusted linear regression model.
These results provide support to the proposed effects of DINP on reproductive development, but less
marked associations were found for metabolites of other reproductive toxic phthalates (present at
similar or higher urinary levels), including DEHP.

Jensen et al., 2015, examined the association of DINP and DEHP metabolites with testosterone levels,
cryptorchidism and hypospadias in a case-control study (300 controls, 270 cryptorchidism cases, 75
cases of hypospadias). DINP and DEHP metabolites, steroid hormones and the Leydig cell product
Insulin-like factor 3 (Insl3) were measured in amniotic fluid samples collected in second trimester of
pregnancy in the period 1980-1996. The investigated DINP metabolite (7cx-MMeHP) showed
slightly elevated odds ratio point estimates (not statistically significant) for having cryptorchidism
and hypospadias but was not consistently associated with the steroid hormones or Insl3. For
cryptorchidism the adjusted odds ratio in the highest 7cx-MMeHP exposure tertile was 1.28 (95% CI
of 0.80 to 2.01), and a test for trend was not statistically significant (p=0.28). For hypospadias the
adjusted odds ratio in the highest 7cx-MMeHP exposure tertilewas 1.69 (95% CI of 0.78 to 3.67),
and a test for trend was not statistically significant (p=0.29). The authors conclude that “based on the
elevated ORs observed for the DINP metabolite, we cannot exclude (nor statistically confirm) an
association with hypospadias and, less strongly, with cryptorchidism”. For DEHP metabolites
associations with cryptorchidism or hypospadias were even less marked. The authors highlight the
advantage of investigating exposures close to the sensitive window important for fetal
masculinization, and the study of steroid hormones and insl-3 in amniotic fluid is also considered a
relevant matrix. The measured insl-3 is expected to originate from the male fetus, whereas the
measured testosterone may also originate from the adrenals, and the authors speculate that the
differential associations between metabolite levels reflect differential actions of phthalate load upon
the fetal testis and the fetal adrenal gland. However, the findings are not consistent for DINP and
DEHP, and no firm conclusions can be made regarding the associations between exposure to DINP
or DEHP and possible effect on hypospadias/cryptorchidism in humans.

Jensen et al., 2016, performed a human epidemiological study comparing maternal urinary
concentrations of 12 phthalate metabolites including DINP metabolites to anogenital distance and
penile width in their sons. Urine samples were collected from 2010 to 2012 from 245 mothers in week
28 of pregnancy (second and third trimester). No consistent associations were seen between any
prenatal phthalate exposure and AGD or penile width. Lower phthalate levels were registered than in
a recent Swedish study on phthalate exposure in first trimester (Bornehag et al., 2015), and this may
limit the ability to detect any possible relationship between phthalate exposure and anogenital
distance. In this study the molar sum of DINP metabolites ZDINPm had a median of 21.4 (25-75
percentile range: 10.3-53.7; fasting spot urine adjusted by osmolality), whereas the mentioned
Swedish study had a median of 55.9 (25-75 percentile range: 28.3-124.9; morning urine adjusted by
creatinine). Although no statistically significant associations between phthalate metabolites and AGD
or penile width were found.

Axelsson et al., 2015, performed a human epidemiological study comparing maternal serum levels of
DEHP and DINP metabolites with testicular size, semen quality and reproductive hormones in 112
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adolescent sons. Men were recruited in 2008-2010 at military health board examination or through
announcements. Corresponding maternal samples were collected from a Swedish biobank of samples
obtained from the 6" to the 35" week of pregnancy (mean 12" week, majority sampled between 8
and 14 weeks). Men in the highest exposure tertile of a DINP metabolite (mono-carboxy-iso-octyl
phthalate) had 9.5% lower total testicular volume (4.3 mL reduction; 95%CI: 0.89, 7.6 mL; p=0.001),
30 % higher levels of FSH (95% CI: 3.6, 63%; p=0.02) and 23% lower semen volume (0.87 mL
reduction; 95% CI. 0.28, 1.5 mL; p=0.004) than men in the lowest tertile. Two other DINP
metabolites were not correlated with these parameters, and for one DEHP metabolite (mono-2-ethyl-
5-hydroxylhexyl phthalate) semen volume was 20% lower in the highest exposure tertile compared
to the lowest (0.70 mL reduction (95% CI: 0.090, 1.3 mL; p=0.03). Sperm concentration, sperm count,
and serum levels of testosterone, free testosterone, LH, estradiol and SHBG were not associated with
phthalate levels. It is concluded by the authors that prenatal levels of DINP seemed negatively
associated with reproductive function of adolescent men.

4.11.3
4.11.4 Other relevant information

4.11.3.1 Mode of action studies

Several studies described in section 4.11.2 on developmental toxicity have examined the influence of
DINP on fetal testosterone production, testicular histopathology and/or anogenital distance (Borch et
al., 2004; Adamsson et al., 2009; Boberg et al., 2011; Hannas et al., 2011; Clewell et al., 2013a; Furr
et al. 2014; Li et al., 2015). The individual studies were described in section 4.11.2.1. These studies
provide clear evidence that DINP exposure dose-dependently leads to reduced fetal testosterone
production by testicular Leydig cells. The reduction in testosterone synthesis is associated with
structural changes in testes, i.e. Leydig cell aggregation and presence of multinucleated gonocytes,
as described above (Borch et al., 2004; Boberg et al., 2011; Clewell et al., 2013a; Li et al., 2015).

Additionally, a Hershberger study on castrated male rats and a recent uterotrophic assay in immature
and pubertal female rats are summarized below in order to clarify the mode of action for adverse
effects of DINP.

Table 25:  Summary table of Hershberger study by Lee and Koo, 2007 and uterotrophic study by
Sedha et al., 2015.

Method Results Remarks Reference
Rat (SD), Hershberger assay in NOAEL.: not determined Other groups Lee and Koo,
castrated males dosed with receiving MEHP, 2007
testosterone propionate (0.4 mg/kg | LOAEL: 20 mg/kg bw/day for | pEHP, DBP or
bw/day) , n=6. statistically significant reduction | pIDP induced
of seminal vesicle WE|ght to Comparab|e Changes’
Oral: gavage 78% of controls. At 500 mg/kg | put also reduced
) ) bw/day weights of levator ventral prostate
Vehicle: corn oil ani/buI_boggvern:)susdmusgle weight. DNOP and
) were significantly reduced to BBP did not affect
Exposure: 10 days (PND 35 to 44
P ys ( )| 829 of controls. reproductive organ
Doses: 20, 100, 500 mg/kg bw/day weights.
CAS number 57-85-2,
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Method Results Remarks Reference
Purity > 97%
Uterotrophic assay in immature No change in uterus weight Other groups Sedha et al., 2015
Wistar rats and pubertal female (both studies) and no change in received 250 or
assay in Wistar rats, n=6. puberty timing (pubertal study) 1250 mg/kg bw/day
in DINP exposed groups. of DIBP. DES (40
3 days exposure (PND 20 to PND ug/kg bw/day or 6
22) or 20 days exposure (PND 21 | High dose: Absolute and relative | yg/kg bw/day) was
to 40) ovary weights were reduced to used as a positive
72 or 90% of control values control.
Doses: 276 or 1380 mg/kg bW/day after 20 days of exposure to
of DINP DINP, but were not affected by
CAS 68515-48-0,99.5% purity. | D 0" of DES:

Lee & Koo, 2007, found indications of an anti-androgenic effect of DINP in an in vivo study in
castrated male SD rats (Hershberger assay), n=6. This study compared the effects of different
phthalates administered for 10 consecutive days to 7 weeks old male castrated rats (SD Crl:CD)
treated with testosterone propionate (0.4 mg/kg bw/day). Three doses of each phthalate were applied
(20, 100 and 500 mg/kg bw/day of DINP). In DINP exposed animals, a decrease in seminal vesicle
weight was seen at all doses (78-80% of testosterone exposed control, p<0.05), and a decrease in
levator ani/bulbocavernosus muscles (LABC) weights was seen at 500 mg/kg bw/day (82% of
testosterone exposed control, p<0.05). Additionally, serum testosterone levels were decreased and
LH levels were increased at 500 mg/kg bw/day (approximately 85 and 130% of testosterone exposed
control values, respectively, as estimated from graphical presentation). Reduction in the same organ
weights were seen with DEHP, but not DBP, BBP or DnOP. No changes in ventral prostate weights
were seen for DINP, and this was in contrast to the effects of DEHP, MEHP, DBP and DIDP. BBP
and DnOP did not affect any reproductive organ weights. None of the tested chemicals altered weights
of Cowper’s gland or glans penis. These findings were considered as indications of anti-androgenic
effects by ECHA 2013 (citation in italics):

According to the test guideline, a substance should be considered as positive in the test if at least two
of the five organs show an effect. Thus, the dose level of 500 mg/kg bw/day can be considered as anti-
androgenic in this test. For comparison, DEHP decreased ventral prostate weights at and above 20
mg/kg bw/day, seminal vesicle weights at >100 mg/kg bw/day, and LABC weights at 500 mg/kg
bw/day (ECHA 2013).

Sedha et al., 2015, examined the effects of DINP (20, 100, 500 mg/kg bw/day) on immature and
pubertal female rats, n=6. After 3 days of exposure of 20-day old females, no increase in uterus weight
was seen as would be expected for estrogenic chemicals and as was observed for the positive control
DES. After 20 days of exposure of 21-day old females, no increase in uterus weight was seen, and no
change in puberty timing was found. After 20 days of exposure, absolute and relative ovary weights
were significantly reduced to 72% and 90% of vehicle controls, respectively. Also slight reductions
in uterus weights were discussed by the authors. The authors suggested that DINP may reduce the
levels of available estrogens leading to the decreased ovary weight and (non-significant) decrease in
the uterus weight. In the same animals, body weight gain was lower, and females weighed 80% of
vehicle controls. Unexposed controls weighed significantly more than vehicle controls, and
approximately the same as high dose DINP exposed females. It is not clear whether the observed
lower absolute and relative ovary weights reflect delayed development, endocrine changes, or a toxic
effect of DINP on ovaries.
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The lack of estrogenic effect of DINP is in agreement with conclusions in the EU RAR for DINP
(2003). In a section on In vivo/In vitro studies on estrogenic activities of DINP it was concluded that
DEHP, DINP and DIDP showed no activity in in vitro assays testing the ability of binding to rodent
or human estrogen receptors or to induce estrogen receptors-mediated gene expression, and studies
on in vivo response on uterine wet weight was considered negative (European Chemicals Bureau
2003a). The ECHA review, 2013, reviewed the literature on estrogenic effects including studies
published after the EU RAR and concluded that there were no indications of estrogenic properties of
DINP.

4.11.5 Summary and discussion of reproductive toxicity

4.11.4.1 Overview of data.

The available data show that DINP causes developmental toxicity and indicate toxicity to
reproductive organs potentially leading to fertility effects. These effects are considered to be specific
and not secondary non-specific consequences of other toxic effects.

Developmental toxicity:

DINP induces effects on the developing male reproductive system. Key findings in animal studies on
reproductive effects of DINP are:

a) Structural abnormalities: skeletal effects (rudimentary ribs) were seen in two developmental
toxicity studies (Hellwig et al., 1997; Waterman et al., 1999) (1000 mg/kg bw/d) ,

b) Effect on altered growth: decreased body weight in offspring was found in a two-generation
study (Waterman et al., 2000) (from 159 mg/kg bw/d),

c) Functional deficiency: dose-dependent long-lasting decrease in the percentile of motile sperm
in rats exposed perinatally (Boberg et al., 2011) (from 600 mg/kg bw/d),

d) Structural abnormalities: increased nipple retention and decreased anogenital distance in male
rats exposed perinatally (Boberg et al., 2011; Gray et al., 2000, Lee et al., 2006) (mostly from
750 mg/kg bw/d),

e) Structural abnormalities: increased incidence of permanent structural changes (permanent
nipples, malformations of testis and epididymis, histological changes in testis and epididymis)
in rats exposed perinatally (Gray et al., 2000, Masutomi et al., 2003) (at 750 and 1165 mg/kg
bw/d, respectively),

f) A comparable pattern of adverse effects and of mode of action as seen for the reproductive
toxicants (category 1B) DEHP, DBP, DIBP and BBP. In foetal testes, several studies describe
presence of multinucleated gonocytes and reduced testosterone production, as also described
for DEHP, DBP, DIBP and BBP (Boberg et al., 2011; Borch et al., 2004; Hannas et al., 2011;
Clewell et al., 2013, Li et al., 2015).
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Collectively, these findings show that DINP causes developmental effects in offspring of exposed
dams. It may be noted that a study on prenatal exposure to DINP showed no effect on AGD at
gestation day (GD) 20, and a study on perinatal exposure to DINP, revealed decreased anogenital
distance (corrected by body weight) only at PND 14 and not PND 2, and revealed no change in nipple
retention and no/few permanent malformations of reproductive organs (Clewell et al., 2013a; Clewell
etal., 2013b). Two other studies showed no effect of DINP on anogenital distance, although testicular
effects were described in offspring (Masutomi et al., 2003, Li et al., 2015). The statistical power of
these two studies was low due to small group sizes which may explain the lack of effect on anogenital
distance (Masutomi et al., 2003, Li et al., 2015).

The skeletal effects and decreased body weight in offspring (Hellwig et al., 1997; Waterman et al.,
1999, Waterman et al., 2000) were considered critical to set a LOAEL for developmental toxicity in
the EU RAR from 2003 (LOAEL of 159 mg/kg bw/day for decreased body weight). A higher NOAEL
of 500 mg/kg bw/day was determined based on visceral and skeletal variations and slight maternal
toxicity at 1000 mg/kg bw/day (Waterman et al., 1999). These values were applied for risk
characterization, but it was concluded at that time that these findings did not justify classification
regarding fertility and development according to directive 67/548/EC (European Chemicals Bureau
2003a).

Other evaluations of these studies have applied even lower NOAELSs based on skeletal findings, as
reviewed by ECHA in 2013. Reevaluation of the study by Waterman et al, 1999, was performed by
the authors in agreement with an evaluation by the US NTP-CERHR panel in 2003. The reanalysis
concluded a LOAEL of 500 mg/kg bw/day for skeletal effects in the study by Waterman et al., 1999.
A NOAEL of 200 mg/kg bw/day based on the study by Hellwig et al., 1997 was concluded by the
NTP-CERHR (2003) and ECHA (2013).

The effects on male pup anogenital distance (Boberg et al., 2011; Gray et al., 2000, Clewell et al.,
2013b) are considered a clear adverse effect on development not considered to be secondary to toxic
effects on the dam or reductions of offspring body weight, as they are analysed by taking body weight
into account, i.e. inclusion of either offspring weight as a covariate in the analysis or using the
anogenital index for the analysis. This means that the significant effects described for male anogenital
distance cannot be explained by effects on pup body weight, if such an effect is present.

Decreases in anogenital distance and increases in nipple retention in male offspring are clearly related
to adverse reproductive effects in offspring such as altered development of reproductive organs,
impaired semen quality, smaller penis size and increased incidence of hypospadias and
cryptorchidism. The effects are considered robust markers of anti-androgenic effects of chemicals
and the strong relationship between anti-androgenic actions in the foetus, reductions in anogenital
distance and adverse reproductive effects later in life provides the background for the conclusion in
the OECD Guidance Document on Mammalian Reproductive Toxicity Testing and Assessment that
statistically significant changes in neonatal AGD that cannot be explained by the size of the animal
can be considered adverse (OECD 2008).

The observed permanent structural effects in offspring observed after perinatal DINP exposure
(degeneration of meiotic spermatocytes and Sertoli cells, scattered cell debris in ducts in epididymis,
decrease in number of corpora lutea (Masutomi et al., 2003); reduced percentile of motile sperm,
permanent nipples/areolae in male rats, small testes and epididymides (Boberg et al., 2011; Gray et
al., 2000)) are considered to be specific and not secondary non-specific consequences of maternal
toxicity or other toxic effects. Furthermore, the finding of reduced testosterone levels in foetal life
may be considered adverse: “the justification for considering foetal reduced testicular T
concentration as adverse is that during the critical developmental window it has shown to induce
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male reproductive developmental effect” (OECD 2008). This is also in line with the conclusions of
the ECHA review from 2013, stating that the anti-androgenic effects observed for DINP (reduced
testicular testosterone and foetal testicular histopathology) support the findings of permanent changes
and lower semen quality in DINP exposed males observed with higher doses of DINP exposure.

The observed dose-dependent reduction of sperm motility (Boberg et al., 2011) is considered key
evidence of adverse developmental effects of DINP. Regarding effects on sperm motility, OECD
guidance document 43 on mammalian reproductive toxicity testing and assessment states that
“Studies have shown that there is a relationship between sperm motility and fertility, but there is no
generally accepted standard of how much of a change in motility should be considered adverse.” (...)
“A dose-response trend and a statistically significant change in sperm motility would generally be
interpreted as indicating a potential effect on fertility in humans” (OECD 2008, section 183).

Effects of DINP on fetal testosterone production were seen in several studies in rats and clearly
indicate an endocrine disrupting mode of action that is associated with adverse developmental effects
(Boberg et al., 2011; Borch et al., 2004; Hannas et al., 2011; Clewell et al., 2013, Li et al., 2015, Furr
et al., 2014). A Hershberger study in castrated male rats show indications of anti-androgenic mode of
action (Lee et al., 2007), whereas there are no indications that DINP has estrogenic effects (ECHA,
2013; Sedha et al., 2015).

In the ECHA review (2013), a NOAEL of 50 mg/kg bw/day for reproductive toxicity is concluded
based on decreased testosterone production/level and histopathological changes in foetal/pup testis at
a LOAEL of 250 mg/kg bw/day (based on Clewell et al. 2011a and supported by Clewell et al. 2011b;
Hannas et al. 2011a and b and 2012; Boberg et al. 2011). These effects on fetal testosterone production
and histopathological changes were considered adverse (ECHA 2013).

Toxicity to fertility:

Key evidence for effects of DINP on fertility:

g) reduced absolute and relative testes weights at high doses in a 2-year study in mice (Aristech
Chemical Corporation, 1995) (742 and 1560 mg/kg bw/day), and at higher doses in studies
with shorter durations of exposure, i.e. a 4- week study in mice (Hazleton 1991) (1377 mg/kg
bw/day), and a 13-week study in mice (Hazleton 1992) (2600 and 5770 mg/kg bw/day),

h) reduced sperm count and effects on sperm motion parameters after 28 days of exposure of
juvenile rats (Kwack et al., 2009) (one dose only, 500 mg/kg bw/day),

i) dose-dependent long-lasting reduced sperm motility in rats exposed perinatally (Boberg et al.,
2011) (600, 750 and 900 mg/kg bw/day)

Collectively, these findings point to toxicity of DINP on reproductive organs with subsequent adverse
effects for fertility. The reduction in testis weights in the chronic toxicity study in mice (Aristech
1995) was used for risk characterization concerning effects on reproductive organs in the EU RAR
(European Chemical Bureau 2003). In contrast, increased relative testis weights were seen in other
studies without changes in absolute testis weight and were considered to be related to reduced body
weights (Bio/dynamics 1982a, b, c; BASF 1987; Exxon 1986).
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In contrast to the reduction in testes weights at high doses, increases in parental absolute and relative
testis and epididymis weights were seen at 1100 mg/kg bw/day in a one-generation study in rats
(Waterman et al., 2000). However, no microscopic evaluation of reproductive organs and no
evaluation of sperm parameters was performed (Waterman et al., 2000). This study was followed up
by a two-generation study using lower doses showing no significant effects on parental reproductive
organ weights (top dose 0.8% corresponding to ~550 mg/kg bw/day). No effects on fertility were
seen in parental animals of these one- or two-generation studies (Waterman et al., 2000). In
cynomolgus monkeys relative testis/epididymis weights were 76% of controls, but this was not
statistically significant, and in marmosets no effects on testes were reported (Pugh et al., 2000; Hall
et al., 1999). It may be noted that these monkey studies were carried out with n=4 and that limited
details were presented in the published papers. Any clear conclusions regarding the absence or
presence of testicular effects of DINP in monkeys would require evaluation of study reports, and
therefore the conclusions regarding effects of DINP on reproductive organs are based on rodent
studies only. Further discussion on primate studies on other phthalates can be found in section
4.11.4.4.

Human cross-sectional studies did not show any clear associations between adult exposure to DINP
and fertility measures such as sperm parameters, hormone levels or time to pregnancy (Joensen et al.,
2012, Mieritz et al., 2012, Specht et al., 2014a and 2014b).

It was concluded in the EU RAR from 2003 that the effects in mice did not justify classification for
fertility. However, as these studies did not examine sperm count or —quality, direct effects of DINP
on fertility were not fully elucidated at that time. The study by Kwack et al., 2009, provides evidence
for effects of DINP on sperm count and quality. As fertility assessment by breeding may not be
considered a sensitive parameter in rats, the findings by Kwack et al., 2009, are not in conflict with
the lack of effect on fertility in the Waterman et al., 2000, studies. As stated in OECD guidance
document 43 on mammalian reproductive toxicity testing and assessment: “Effects on fertility in
rodents seem to be a good indicator for effects in humans, and most work on contraceptive agents in
humans stems from original studies in rodents (Barlow and Sullivan 1982). However, it should be
emphasized that sperm count in rodents must be drastically reduced before an effect on fertility is
seen” (OECD 2008, section 23).

Importantly, “a statistically significant change in sperm count in a rodent study is considered to be
indicative of a potential effect on fertility in humans” (OECD 2008) due to greater sperm reserves in
rats than in humans. Thus, the findings by Kwack et al., 2009 are considered key evidence for toxicity
to fertility of DINP.

Also the reduction of sperm motility in rats after exposure during the sensitive perinatal period
(Boberg et al., 2011) is considered key evidence that DINP may affect fertility of humans. This effect
was seen at dose levels not causing marked maternal toxicity. No histological findings in testes were
reported in that study (epididymides were not examined). However, OECD guidance document 43
on mammalian reproductive toxicity testing and assessment states that also in the absence of
histological effect, changes in motility can be considered relevant: “Since sperm motility is dependent
on testicular and epididymal function, damage to the testis, as revealed by the histologic appearance,
may lead to changes in sperm motility. However, motility can be altered by direct effects on the
epididymides or the sperm themselves. Therefore, the absence of a histological lesion does not
necessarily mean that a change in motility should be discounted. A dose-response trend and a
statistically significant change in sperm motility would generally be interpreted as indicating a
potential effect on fertility in humans” (OECD 2008, section 183).
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The effects on testes and sperm parameters were seen at the same or higher doses than those inducing
hepatic toxicity. Body weights in the repeated dose studies were reduced significantly at the same
doses, but body weight reductions may not be considered marked enough to exclude these findings
for classification purposes. DINP exposed males weighed 88% of controls in study by Kwack et al.,
2009; 90 and 83% of controls in the two highest dose groups in study by Aristech 1995. In the
offspring of the study by Boberg et al., 2011, the DINP high dose males weighed 98% of controls.
The effects on ovary weights were seen concomitantly with markedly lower body weights (77% of
controls) in dams at the end of weaning in the one-generation study (Waterman et al., 2000). In the
study on pubertal exposure of female rats, body weight gain was lower, and females weighed 80% of
vehicle controls (Sedha et al., 2015). It is not clear whether these lower ovary weights reflect delayed
development, endocrine changes, or a toxic effect of DINP on ovaries. The adverse effects on testis
and sperm parameters are considered not to be secondary non-specific consequences of other toxic
effects. The ECHA Guidance on the application of the CLP criteria “Adverse effects on fertility and
reproductive performance seen only at dose levels causing marked systemic toxicity (e.g. lethality,
dramatic reduction in absolute body weight, coma) are not relevant for classification purposes. There
is no established relationship between fertility effects and less marked systemic toxicity. Therefore it
should be assumed that effects on fertility seen at dose levels causing less marked systemic toxicity
are not a secondary consequence of this toxicity. (ECHA, 2015).

4.11.4.2 Mode of action and similarity with other phthalates

Using the rat as a model, it has been shown that reductions in testosterone concentration in sensitive
time windows can cause permanent reproductive toxicity effects.

ECHA (2013) concluded that “the in vivo findings suggest that DINP has anti-androgenic potency
but may also exhibit its effects through other modes of action”. It was further concluded that the
permanent changes seen after exposure to high doses of DINP are “likely to be linked to the reduced
perinatal testicular T levels”.

Overall, DINP acts as an anti-androgen via reduction of testicular testosterone production. This mode
of action may explain the adverse effects observed in male offspring. This is supported by the fact
that the AGD as well as the normal apoptosis of the nipple anlagen are under the control of
dihydrotestosterone.

The following mode of action is hypothesised based on the WHO/IPCS Mode of Action/Human
Relevance Framework description which is presented in the SVHC identification proposal for DCHP
(Annex XV report DCHP, 2016):

Male
Reproductive
system
irreversible

Hormonal damage

Changes (Fetal
testosterone

Early Leydig
Metabolism to Placenta and Sertoli
MINP Transfer cells function

Male Impaired
(Testicular Fertility

alterations in levels effects, AGD

JiET decrease)

decrease, nipple
retention,
structural
abnormalities in
reproductive

organs)

64



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON 1,2-
BENZENEDICARBOXYLIC ACID, DI-C8-10-BRANCHED ALKYLESTERS, C9- RICH; [1]
DI-“ISONONYL” PHTHALATE; [2] [DINP]

The hypothesised mode of action consists of six main key events. For the key event entitled “male
reproductive system irreversible damage”, a number of distinct effects described in the studies
available, are grouped together under this general title. These effects include increased nipple
retention, decreased anogenital distance, and permanent structural changes of male reproductive
organs. The key event “male impaired fertility” includes the observation of reduced sperm motility
and the finding of nipple retention and AGD decrease in rodents with expected adverse effects in
humans regarding infertility (as part of the testicular dysgenesis syndrome). There is strong evidence
that these male reproductive system irreversible effects (e.g. sperm quality effects, structural
abnormalities in reproductive organs, and decrease in anogenital distance) are linked to fertility
adverse effects in mammalian species, including humans. Overall, fetal disturbance of the developing
male reproductive system can have multiple effects in mammalian species as described by Skakkebak
et al. (2001) and summarized as the testicular dysgenesis syndrome (TDS).

The same effects as reported in male pups following exposure to DINP were also reported following
in utero exposure to other phthalates with a harmonized classification for development as Repr. 1B,
and an antiandrogenic mode of action was also suggested for these phthalates. DINP does not act via
an estrogenic mode of action, but may possibly interfere with endogenous estradiol production to
induce changes in female reproductive development, although this has not been thoroughly
investigated.

It is well known that phthalate esters with intermediate chain lengths are reproductive toxicants, e.g.
DBP and DEHP (European Chemical Bureau 2003b; European Chemical Bureau 2008).

Phthalate esters with chain lengths larger than C6 (high molecular weight phthalate esters) are
generally considered less toxic. However, DINP has been found to induce the same adverse effects
and to share the same mode of action as the phthalates classified as reproductive toxicants (Boberg et
al., 2011; Borch et al., 2004; Hannas et al., 2011; Clewell et al., 2013). For other phthalates than
DINP, it has been shown quantitatively that combination effects are seen when rats are exposed to
phthalates in utero (Howdeshell et al., 2008). For DINP, one study has similarly indicated
combination effects between DINP and DEHP (Borch et al., 2004). This is in line with the conclusions
by ECHA that “DINP causes low incidences of effects, similar to those observed with other
phthalates, likely acting via the same modes of action, including androgen deficiency” and further
that “DINP has anti-androgenic properties and it could be appropriate to include this substance in a
combined risk assessment of phthalates with anti-androgenic properties.” (ECHA 2013).

The ECHA review presents potency factors calculated by Benson et al., 2009, comparing the LOAEL
for effects of DINP on foetal testosterone concentration with the LOAEL of the most sensitive effect
of DEHP (small or absent reproductive organs), i.e. a rather crude estimate of potency. This
calculation resulted in relative potencies of 1:0.39 for DEHP:DINP (ECHA, 2013).

The paper by Clewell et al., 2013a, also describes comparisons of the relative potencies of DINP and
the classified reproductive toxic phthalates. The potency of DINP (internal and external dose) on
reducing fetal testicular testosterone content was compared with the potencies of DEHP and DBP
(internal and external dose). For the parent compound it appeared that DINP was 2.5 and 6 times less
potent than DEHP and DBP, respectively. For the calculated foetal plasma concentration it was
calculated that the DINP metabolite MINP was 7 and 4 times less potent than MEHP and MBP,
respectively.

For DINP there is clear evidence of developmental toxicity via the same mode of action as the
developmental toxicity known for DEHP, DBP, DIBP and BBP.
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Furthermore, a harmonized classification of Dicyclohexylphthalate (DCHP) as toxic to reproduction
in category 1B (H360D) has recently been adopted (cf. the 9" ATP to CLP). The classification
proposal for DCHP was based on effects that are parallel to those of DINP (RAC 2015). The opinion
adopted by RAC for DCHP thus suggests a category 1B classification for developmental toxicity
based primarily on increased nipple retention and decreased AGD in male pups in three different
studies in the absence of marked maternal toxicity. Further support for this classification was based
on observations of prolonged preputial separation and hypospadias and atrophy of the testes in
offspring in one supporting study.

The observations for DINP and other phthalates are listed in Table 26. The similarity between the
effects of DINP and effects of the listed phthalates further support classification of DINP in category
1B for development.

Table 26:  Similarity between effects of DINP and other phthalates classified as toxic to
reproduction

Substance | Areola/nipple | Decreased | Hypospadias | Harmonized | Effects on References
retention fetal or Repr 1B fetal testis
neonatal (H360D) testosterone
male classification | production
AGD or -content
DIBP Yes Yes Yes Yes Yes Saillenfait et al., 2008,
Borch et al., 2006
DBP Yes Yes Yes Yes Yes Fabjan et al., 2006
(review)
BBP Yes Yes Yes Yes Yes Fabjan et al., 2006
(review)
DCHP Yes Yes Yes Yes Saillenfait et al 2009,
Hoshino et al., 2005,
Yamasaki et al., 2009
DPP Yes Yes Beverly et al., 2014
DnHP Yes Yes Yes Yes Yes Saillenfait et al
2009and 2013
DEHP Yes Yes Yes Yes Yes Fabjan et al., 2006
(review)
DINP Yes Yes Yes Gray et al., 2000,
Boberg et al., 2011,
Clewell et al., 2013a

In comparison with DEHP, DBP and BBP, the overall evidence for effect of DINP on fertility is
limited, as one study in young adult rats showed reduced sperm count and sperm motility (Kwack et
al., 2009), whereas no effects on fertility were seen in one- or two-generation studies on DINP
(Waterman et al., 2000). Sperm parameters were not assessed in the studies by Waterman et al., 2000.

DEHP affected fertility of both females and males and induced severe testicular effects including
testicular atrophy in numerous repeated dose toxicity studies in rats, mice and ferrets (ECHA 2008a).
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DEHP is thus classified in category 1B for both fertility and development, whereas DBP, DIBP and
BBP are classified in category 1B for development and category 2 for fertility (ECHA 2008a, b, c,
ECHA 2014). For DEHP, DBP, DIBP and BBP the general pattern of fertility effects on male
reproductive organs was decreased testis weight, degeneration of seminiferous tubules and impaired
sperm quality after adult or perinatal exposure. DBP, BBP and DEHP furthermore reduced fertility
in reproductive toxicity studies (European Chemicals Bureau 2003b, 2007, 2008, ECHA 2014). For
DIBP, no fertility studies were available to the evaluation by RAC (ECHA 2009).

It is noted that the effects observed for DINP are less marked and generally occur at higher doses
when compared to other classified phtalates.

4.11.4.4 Human relevance

In recent years, several studies have targeted the human relevance of the reproductive toxicity of
DEHP and DBP observed in rats, and the issue has been addressed by e.g. the RAC in their opinion
on the Annex XV dossier proposing restrictions on four phthalates (RAC/SEAC 2012). As the mode
of action of DINP is similar to that of DEHP, DBP, DIBP and BBP, this discussion is equally relevant
for DINP.

An evaluation of available studies on interspecies differences lead to the conclusion that the evidence
for lack of human relevance of phthalate effects is weak. The conclusion by RAC was that “that there
is too much uncertainty in the data available to allow a conclusion on humans being less, equally or
more sensitive than rats” (RAC/SEAC 2012).

The human relevance of the effects of phthalates is supported by the similarities between the pattern
of effects seen in rodent studies of perinatal phthalate exposure and the human “Testicular dysgenesis
syndrome”, which is a syndrome of reproductive abnormalities suggested to share the same origin,
which may be an altered endocrine influence during development (Fisher et al., 2003). Human
epidemiological studies are difficult to interpret due to the long period from the time of exposure until
possible effects may be observed. In a case-control study, Jensen et al., 2015, found an association
between levels of a DINP metabolite in amniotic fluid from second trimester and cryptorchidism or
hypospadias in male infants. The same association was not seen for a DEHP metabolite. Bornehag et
al., 2015, found associations between AGD measures and exposure to metabolites of certain
phthalates (including DINP) in maternal urine from first trimester of pregnancy. In a study on
adolescent men, increasing maternal exposure to DINP was associated with decreasing total testicular
volume, increasing levels of FSH and decreasing semen volume (Axelsson et al., 2015), Interestingly,
a study comparing phthalate exposure in mother’s milk and testosterone levels in their infant sons
revealed correlations between exposure to certain phthalate monoesters and the ratio of LH to
testosterone (Main et al., 2006). This is in good agreement with the marmoset study showing that
neonatal phthalate exposure impaired testosterone production and induced testicular effects
characteristic for high LH levels (Hallmark et al., 2007). Collectively, this indicates that the neonatal
period may be a sensitive window of exposure for humans/primates. As described by Welsh et al.,
2008, testosterone levels peak in late gestation in rats, but earlier (week 14-18) in humans, and this
coincides with important periods of differentiation of reproductive organs. However, reproductive
development continues postnatally and may be sensitive to exposure to endocrine disrupting
compounds during early development (den Hond and Schoeters, 2005, Jacobson-Dickman and Lee,
2009).

For other phthalates than DINP, certain studies are indicative of species similarities and also species
differences in the reproductive effects of phthalates, and age at exposure appears to be a central point.
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In Tomonari et al. (2006), no reproductive effects were seen in male marmosets (n=5-6 per dose
group) exposed to DEHP by oral gavage at 100, 500 and 2500 mg/kg bw/day from 3 months of age
until sexual maturity (18 months). Similarly, no reproductive effects were seen in Kurata et al., 1998,
where male marmosets (n=4 per dose group) were dosed 100, 500 and 2500 mg/kg bw/day during
12-15 months of age. A study with marmosets of 4 days of age (5 co-twins and 4 non-twins, total
n=14) treated 14 days with 500 mg/kg bw/day of MBP (monobutylphthalate, a metabolite of DBP),
however, revealed increased Leydig cell volume (Hallmark et al., 2007). A second study from the
same authors revealed suppressed blood testosterone levels in male marmosets (n = 9) of 2-7 days
old at a single dose of 500 mg/kg bw/day of MBP (measurement 5h after dose). These studies are
neonatal studies and thus did not expose marmosets at what is considered to be the critical
programming window for male development (gestation week 7-15 in marmosets from Mitchell et al.
(2008) and McKinnell et al. (2009). In male offspring (n=6) of pregnant marmosets exposed to 500
mg/kg bw/day MBP during gestation (GD 49-105), no effects on testicular morphology, reproductive
tract, testosterone levels at birth, germ cell number nor germ cell proliferation were observed
(McKinnell et al., 2009). However, unusual clusters of undifferentiated germ cells were found in two
of six males examined at birth. The significance of this observation is unclear. In a second study by
the same authors, 4 day old co-twin marmosets (5 co-twins, n=10) were exposed to MBP neonatally
for 14 days. No effects on germ cell number or differentiation were apparent from this study
(McKinnell et al., 2009). Overall, these primate studies underline that the reproductive toxicity of
these phthalates may be relevant to primates, and that effects are strongly dependent on timing of
exposure in sensitive windows of reproductive development.

The experimental evidence regarding human relevance or non-relevance of phthalate effects seen in
rats can be summarized as follows:

e Correlations have been found between human exposure to certain phthalates and LH:testosterone
levels (Main et al., 2006)

e Species similarities are seen between mice, rats and marmosets in the foetal germ cell effects seen
with prenatal exposure in vivo (McKinnell et al., 2009; Gaido et al., 2007).

e Species similarities are seen regarding germ cell changes in in vitro using testes from rats, mice
or humans (Chauvigne et al., 2009; Habert et al., 2009; Lambrot et al., 2009; Lehraiki et al., 2009).

e Species similarities and differences have been described in the ability to reduce testosterone
production, as DBP exposure reduces testosterone production in neonatal marmosets, but not in
marmosets exposed during gestation (McKinnell et al., 2009). This is in contrast to rats, in which
DBP exposure during gestation leads to reduced testosterone production (Howdeshell et al., 2008;
Shultz et al., 2001). This may be related to different windows of sensitivity for these species.

e Species differences have been described in the sensitivity to the testosterone suppressing effect
of phthalates in vivo, as a study in foetal mice exposed to DBP revealed changes in several
immediate genes, but no decreases in testosterone levels or in genes related to cholesterol
homeostasis or steroidogenesis, as would be expected for rats (Gaido et al., 2007).

e Species differences have been described in sensitivity to the testosterone suppressing effect of
phthalates examined in vitro, as studies on cultured rat, but not human, foetal testes have shown
the ability of phthalates to reduce testosterone production (Chauvigne et al., 2009; Hallmark et
al., 2007; Lambrot et al., 2009). In these in vitro studies human testis samples were from first or
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second trimester foetuses, but it is not clear whether these ages correspond to the sensitive window
for phthalate exposure in rats (Hallmark et al., 2007; Lambrot et al., 2009).

An experimental model using transplantation of testicular tissue from foetal rats, mice or humans
to a (transgenic) castrated mouse or rat was able to demonstrate a testosterone inhibiting effect of
DBP when using rat foetal testis explants, but not when using human foetal testis explants
(Mitchell et al., 2012; Heger et al., 2012). However, no conclusions regarding species differences
can be drawn from the results of these studies due to several methodological differences in study
design between the foetal rat testis graft and the foetal human testis graft studies (Mitchell et al.,
2012; Heger et al., 2012).Interestingly, transplant studies using testicular tissue from infant
primates showed that DBP inhibited steroid synthesis and spermatogenesis (Rodriguez-Sosa et
al., 2014). Also effects on germ cells were comparable across species in several studies (Mitchell
etal., 2012; Heger et al., 2012).

A case-control study found an association between levels of a DINP metabolite in amniotic fluid
from second trimester and cryptorchidism or hypospadias in the sons (Jensen et al., 2015).

An epidemiological study found associations between AGD measures and exposure to
metabolites of certain phthalates (including DINP) in maternal urine from first trimester of
pregnancy (Bornehag et al., 2015)

Overall, even though some studies cause speculations that reproductive effects of phthalate exposure
observed in rats are not of human relevance, there are also several indicators of species similarities
showing that the reproductive effects of phthalate exposure may be considered human relevant. There
may also be toxicokinetic differences between species.

The current knowledge on species differences is not sufficient to disregard the human relevance of
phthalate effects for DINP as well as other reproductive toxic phthalates.

4.11.6 Comparison with criteria

Developmental toxicity:

Key evidence for effects of DINP on development, which are observed in absence of maternal
toxicity:

a) Structural abnormalities: skeletal effects (rudimentary ribs) were seen two developmental
toxicity studies (Hellwig et al., 1997; Waterman et al., 1999) (1000 mg/kg bw/d),

b) Effect on altered growth: decreased body weight in offspring in a two-generation study
(Waterman et al, 2000) (from 159 mg/kg bw/d),

c) Functional deficiency: dose-dependent long-lasting decrease in percentage of motile sperm in
rat offspring exposed perinatally (Boberg et al., 2011) (from 600 mg/kg bw/d),

d) Structural abnormalities: increased nipple retention and decreased anogenital distance in
infant male rats exposed perinatally (Boberg et al., 2011; Gray et al., 2000; Lee et al., 2006),
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and decreased anogenital distance in developing male rats exposed perinatally (Clewell et al.,
2013b) (mostly from 750 mg/kg bw/d),

e) Structural abnormalities: increased incidence of permanent changes (permanent nipples,
malformations of testes and epididymis, histological changes in testis and epididymis) in rats
exposed perinatally (Gray et al., 2000; Masutomi et al., 2003) (at 750 and 1165 mg/kg bw/d,
respectively),

f) A comparable pattern of adverse effects and of mode of action as some of the other phthalates
classified as reproductive toxicants in category 1B, e.g. DEHP, DBP, DIBP and BBP (Boberg
etal., 2011; Borch et al., 2004; Hannas et al., 2011; Clewell et al., 2013a; Li et al., 2015).

Classification in Repr. 1A is not appropriate as it should be based on human data and no human data
specific for DINP is available.

Classification in Repr. 1B for effects on development is considered appropriate for classification of
DINP, as the following CLP criteria are fulfilled by the available information on toxicity of DINP:
“The classification of a substance in Category 1B is largely based on data from animal studies. Such
data shall provide clear evidence of an adverse effect on sexual function and fertility or on
development in the absence of other toxic effects, or if occurring together with other toxic effects the
adverse effect on reproduction is considered not to be a secondary non-specific consequence of other
toxic effects. However, when there is mechanistic information that raises doubt about the relevance
of the effect for humans, classification in Category 2 may be more appropriate”.

Classification in Repr. 2 is not appropriate as there is clear evidence from animal studies. The effects
are not considered to be secondary non-specific effects and there is no mechanistic information that
raises doubt about the relevance of the effects for humans.

Toxicity to fertility:

Key evidence for effects of DINP on fertility:

g) reduced absolute and relative testes weights at high doses in a 2-year study in mice (Aristech
Chemical Corporation, 1995) (742 and 1560 mg/kg bw/day), and at higher doses in studies
with shorter durations of exposure, i.e. a 4- week study in mice (Hazleton 1991) (1377 mg/kg
bw/day), and a 13-week study in mice (Hazleton 1992) (2600 and 5770 mg/kg bw/day),

h) reduced sperm count and effects on sperm motion parameters after 28 days of exposure of
juvenile rats (Kwack et al., 2009) (one dose only, 500 mg/kg bw/day),

i) dose-dependent long-lasting reduced sperm motility in rats exposed perinatally (Boberg et al.,
2011) (from 600 mg/kg bw/day),

These effects are considered to be specific and not secondary non-specific consequences of other
toxic effects.
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Classification in Repr. 1A is not appropriate as it should be based on human data and no human data
specific for DINP is available.

Classification in Repr. 1B is not appropriate, as the evidence on effects of DINP on fertility is not
considered clear.

Classification in Repr. 2 is appropriate as there is some evidence from experimental animals of an
adverse effect on fertility, but this evidence is not sufficiently convincing to place the substance in
Category 1.

4.11.7 Specific concentration limit

Setting of a specific concentration limit (SCL) for DINP has been considered as the reproductive
effects observed for DINP occur at relatively high dose levels. However, the classification proposal
is based on different types of effects seen in different studies and furthermore, supporting evidence
from other classified phthalates also contributes to the total weight of evidence leading to
classification. A single ED10 representative for the different findings cannot be derived based on the
available data. A potency group and the associated SCL can thus not be assigned for the reproductive
effects of DINP.

4.11.8 Conclusions on classification and labelling

The available data show that DINP causes developmental toxicity and indicate toxicity to
reproductive organs and on sperm count and sperm motion potentially leading to fertility effects.

With respect to the developing animal, effects on the anogenital distance as well as on the occurrence
of increased nipple retention in male pups were recorded in several studies. The findings are
considered to be specific and not secondary non-specific consequences of other toxic effects. Dose-
dependent permanent decrease in sperm motility in rat offspring following perinatal exposure and
increased incidence of permanent malformations of testes, epididymides and external genitalia in rats
exposed perinatally are considered to be specific and not secondary non-specific consequences.
Mechanistic studies indicate an anti-androgenic mode of action. In conclusion, the available data
show clear evidence of an adverse effect on development, and classification as Repr. cat 1B; H360D
IS warranted.

With respect to effects on fertility, reduced sperm count and velocity of DINP are observed in a 28-
day study in rats, and adverse effects on reproductive organs are seen in other rat studies. These
effects are considered to be specific and not secondary non-specific consequences of other toxic
effects.

Furthermore, similar findings for other classified phthalates with the same mode of action support
that a classification for toxicity to fertility is also warranted for DINP. For the effects on fertility a
classification as Repr. cat 2: H361 is proposed, as the evidence is not sufficiently convincing to place
the substance in category 1 for effects on fertility.

Overall, the observed findings justifies that DINP is classified in Repr. 1B (H360Df).
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RAC evaluation of reproductive toxicity

Summary of the Dossier Submitter’s Proposal

Effects on fertility

Non-human information

The dossier submitter (DS) summarised the relevant experimental studies on fertility in a

table, see below. RAC comments are listed at the end of the table.

Table: Summary table of relevant experimental studies on fertility (Table 10 of the CLH Report)

Method Results Remarks Reference
Rat (Sprague-Dawley) No NOAEL could be determined due | No histological Waterman
male/female, 30 to effects on liver and kidney evaluation was etal.,
rats/sex/group weights in parental animals and performed. No 2000
decreases in offspring body weight evaluation of
One-generation study at all doses. sperm Exxon
parametersl Biomedical
Oral: feed Parental animals: Lower food Sciences,
0.5, 1.0 and 1.5 % in diet consumption and lower body This study 1996

(nominal conc.)
(corresponding to 377-404,
741-796, and 1087-1186
mg/kg bw/d during gestation)

CAS 68515-48-0

Vehicle: unchanged (no
vehicle)

Exposure: Ten weeks before
mating and through the
mating period, continuing for
males until sacrifice following
delivery of their last litter
sired and females until they
were sacrificed following
weaning of the F1 animals on
postnatal day (PND) 21.
(Continuous for parents
(males and females)).

Equivalent or similar to OECD
TG 415 (One-Generation
Reproduction Toxicity Study)

weights were observed before
mating primarily in the mid and
high-dose parental animals
compared with controls.
Statistically significant increases in
mean absolute and relative right
testis weight, left testis and right
epididymis weights and mean
relative left epididymis and seminal
vesicle weights in high dose males
compared to controls.

In females, there was a statistically
significant decrease in the mean
absolute and relative right ovarian
and mean absolute left ovarian
weights of the high dose females
compared with controls. No
statistically significant differences in
male mating, male fertility, female
fertility, female fecundity, or female
gestational indices between treated
and control animals.

Offspring: Dose-related decreases
in mean offspring body weight
during the postnatal period (PND 0O-
21). Statistically significant lower
mean body weights in the high-dose
males (10.2-46.0%) and females
(11.3-46.9%), mid-dose females
(7.9-26.9%) at all weighing
intervals and in mean offspring

terminated at
PND 21 and no
detailed
examination of
offspring was
performed, as
the results of
this study were
used to design a
follow-up two-
generation
reproductive
study of DINP.
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body weight of the mid-dose males
onPND O, 1, 7, 14 and 21 (5.7-
26.5%) compared with controls.

Statistically significant lower mean
body weights in the low-dose males
on PND 0, 1, 14 and 21 (6.9-
11.2%) and low-dose females (7.5-
10.1%) at all weighing intervals.

Rat (Sprague-Dawley)
male/female, 30
rats/sex/group

Two-generation study

Oral: feed

0, 0.2, 0.4, 0.8 % DINP
(nominal in diet),
(corresponding to 0, 133-153,
271-307, and 543-577 mg/kg
bw/d during gestation)

CAS 68515-48-0

Vehicle: unchanged (no
vehicle)

Exposure: Constant exposure
up to about 10 weeks prior to
mating, continuing throughout
the mating period. Males were
sacrificed after mating but
treatment of the females
continued throughout
gestation and lactation until
weaning of the offspring on
PND 21.

Test guideline: EC Dangerous
Substances Directive
(67/548/EEC), Annex V, Part
B; 1987 (identical to OECD TG
416)

EPA OTS 798.4700
(Reproduction and Fertility
Effects)

No NOAELs for parental or offspring
toxicity were derived from this
study due to liver changes in
parents and reduced mean body
weights of offspring at all doses
(LOAEL 0.2% corresponding to 114-
395 mg/kg bw/d, depending on the
exposure period).

Parental animals: No maternal
toxicity was seen and there were no
changes in dam body weight during
gestation (P1). No statistically
significant differences in male
mating, male fertility, female
fertility, female fecundity or female
gestational indices in the P1
generation. A slight decrease, not
statistically significant, of male
mating, male fertility, female
fertility and female fecundity indices
was observed in the P2 generation.

A statistically significant decrease in
the mean left ovary weight of the
P1 females at 0.8% (577 mg/kg
bw/d) was observed, but in the
absence of a clear dose response
relationship, similar findings in the
right ovary weights, consistent
pattern of response between
absolute and relative organ weights,
or correlating microscopic findings,
this decrease was considered
incidental and unrelated to
treatment in the EU RAR.

Offspring: In high-dose males,
there was a statistically significant
increase of relative right and left
epididymis weights in the P2
generation with a concurrent but
not statistically significant increase
of absolute epididymis weight (by
7.5%). No treatment-related clinical
findings and no biologically
significant differences in the F1 or
F2 offspring survival indices.
Statistically significant, dose-
related, lower mean offspring
bodyweights in all treatment groups

No evaluation of
sperm
parameters.

Waterman
et al.,
2000
Exxon
Biomedical
Sciences,
1996
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compared with controls during the
F1 or F2 generations (LOAEL 159
mg/kg bw/d).

The DS noted that these studies together indicate effects of DINP on development (offspring
body weight) and fertility (altered reproductive organ weights at the high dose in the one-
generation study), but that no clear conclusions from the two-generation study could be drawn
as doses were lower and sperm parameters and reproductive organ histology was not
examined.

RAC noted that doses in the two fertility studies by Waterman et al. (2000) were adequately
selected. In the two-generation study several organs from parental animals (control and 0.8%
groups) were examined histologically (pituitary, testes, epididymides, prostate, seminal
vesicles, vagina, uterus, ovaries, mammary gland).

No effects on male and female reproductive performance were seen in rats at doses up to
1.5% DINP (1087-1186 mg/kg bw/d), as parameters such as fertility indexes, number of pups
at birth, or litter size were not adversely affected in any of the two studies.

Human information
The DS summarised the relevant human data on fertility in a table, see below.
RAC comments are listed at the end of the table.

Table: Summary table of relevant human data on fertility (Table 11 of the CLH Report)

Method Results Remarks Reference

Cross-sectional study Differences between highest and Joensen et
lowest quartile of exposure to DINP al., 2012

n=881 metabolites with regards to levels of

. FSH and the testosterone:LH ratio.

Danish young men

Study period 2007-2009

Assessment of urinary DEHP

and DINP metabolites (spot

urine), serum hormone levels

and sperm parameters

Cross-sectional study No clear associations between DINP Specht et
or DEHP exposures and measures of al., 2014a

n=589 sperm quality and serum hormone
levels.

Male partners of pregnant

women (Greenland, Poland

and Ukraine)

Study period 2002-2004

Assessment of serum DEHP

and DINP metabolites, serum

hormone levels and sperm

parameters

Cross-sectional study and Some negative associations between Specht et

retrospective interview DINP metabolites and serum al., 2014b
testosterone levels at some study
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regarding time to pregnancy sites. Negative associations between

some metabolites and measured
n=938 women and 401 men sperm and hormone parameters, but
(Greenland, Poland and overall no clear indications of effects
Ukraine) of DINP or DEHP on male

reproductive function.
Assessment of serum DEHP

and DINP metabolites, serum
hormone levels and sperm

parameters

Cross-sectional study No clear associations of phthalate Mieritz et
exposure with any of the examined al., 2012

n=>555 boys and young men, reproductive parameters.

Denmark

Assessment of urinary
phthalate metabolites
(morning urine), serum
hormone levels, puberty
timing and presence of
gynaecomastia

The DS noted that human cross-sectional studies did not show any clear associations between
adult exposure to DINP and fertility measures such as sperm parameters, hormone levels or
time to pregnancy.

RAC supports the view of the DS on the cross-sectional studies, that the presented studies did
not show any clear associations between adult exposure to DINP and fertility measures such
as sperm parameters, hormone levels or time to pregnancy. With respect to the data published
by Joensen et al. (2012) it should be noted that among men in the highest vs. lowest quartiles
of % MiNP the associations with lower hormone levels were not accompanied by reductions in
sperm quality.

Developmental toxicity

Non-human information

The DS summarised the relevant experimental studies on developmental toxicity in a table,
see below. RAC comments are listed at the end of the table.

Table: Summary table of relevant experimental studies on developmental toxicity (chronological order)
(Table 12 of the CLH Report). Supporting studies on effects on foetal testosterone production are included
here.

Method Results Remarks Reference

Rat (Wistar) NOAEL of 200 mg/kg bw/d for Hellwig et al.,
maternal and developmental 1997

Oral: gavage effects (skeletal effects

rudimentary ribs)) at 1000 mg/k
Doses: 0, 40, 200, 1000 E‘JW/d. y ribs)) a/kg

mg/kg/d
Vehicle: olive oil

Exposure: day 6 through
15 post coitum (p.c.)
(daily)
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OECD TG 414 (Prenatal
Developmental Toxicity
Study)

CAS 68515-48-0 and
28553-12-0

Rat (Sprague-Dawley)
n=25

Maternal NOAEL of 500 mg/kg
bw/d due to reduced body weight
gain and mean food consumption
at 1000 mg/kg bw/d.

Waterman et
al., 1999

Exxon Mobil,

Oral: gavage 1994c
Developmental NOAEL of 100

Doses: 0, 100, 500 and | mg/kg bw/d due to findings of

1000 mg/kg bw/d visceral (dilated renal pelvis and

(nominal conc.) hydroureter) and skeletal
(rudimentary cervical and

CAS: 68515-48-0 accessory 14th ribs) variations at

. . 500 and 1000 mg/kg bw/d.

Vehicle: corn oil

Exposure: gestation day

(GD) 6-GD 15 (daily)

Equivalent or similar to

OECD TG 414 (Prenatal

Developmental Toxicity

Study)

Rat (SD) NOAEL: Not determined One dose only. Gray et al.,

2000

n=19 in control group,
n=14 in DINP group

Oral: gavage

Dose: 0, 750 mg/kg
bw/d

CAS: 68515-48-0.
Vehicle: corn oil

Exposure: GD 14-PND 3

LOAEL: 750 mg/kg bw/d

Increased number of areolas in
males, increased incidence of
malformations of male
reproductive organs.

Rat (SD)
n=5-6 dams per group
Oral: diet

Doses: 0, 400, 4000, or
20,000 ppm

CAS: 28553-12-0,
purity: >98%

Exposure: GD 15-PND
10

NOAEL: =230 mg/kg bw/d
LOAEL:=1165 mg/kg bw/d

Reduced testes weights in
offspring in prepuberty. Slight
histological changes in the testes
in adulthood.

Masutomi et al.,
2003

Rat (Wistar)

n=8 dams per group

NOAEL: Not determined

LOAEL: 750 mg/kg bw/d

One dose only.

Borch et al.,
2004
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Oral: gavage

Dose: 0, 750 mg/kg
bw/d

CAS no. 28553-12-0,
purity >99%

Vehicle: peanut oil

Exposure: GD 7-21

Statistically significantly decreased
testicular testosterone content at
GD 21.

Rat (Wistar-Imamichi)
n=4 litters
Oral: diet

Doses: 0, 40, 400, 4000,
20.000 pm. Food
consumption or dose in
mg/kg bw/d were not
reported.

Exposure GD 15-PND 21

CAS no. 28553-12-0,
purity >98%)

NOAEL: Not determined

LOAEL: 40 ppm (estimated to be
equivalent to 2 mg/kg bw/d)

Reduced anogenital distance
(AGD) in males on PND 1 in all
doses. Increased AGD in females
at 20.000 ppm (estimated to be
equivalent to 1000 mg/kg bw/d).

Reduced copulatory behaviour in
females at all doses.

Changes in hypothalamic gene
expression.

All groups
affected. This
study was not
considered
sufficient by ECHA
(2013) to change
the developmental
NOAEL. No details
on corrections for
litter effects.

Lee et al., 2006

Rat (SD), n=7-8

Oral: gavage

0, 250, 750 mg/kg bw/d
Vehicle: corn oil

Exposure: GD 13-17

No effect on testosterone
production on GD 19.

No examination of
testosterone
production at end
of dosing (GD 17)
but after 2 days
recovery period
(GD 19)

Adamsson et
al., 2009

Rat (Wistar), n=9-10
litters

Oral: gavage

0, 300, 600, 750, 900
mg/kg bw/d

CAS 28553-12-0, purity
99%

Vehicle: corn oil

Exposure: GD 7-PND 17

NOAEL: 300 mg/kg bw/d
LOAEL: 600 mg/kg bw/d

At 600 mg/kg bw/d: Reduced
percentage of motile sperm and
histological changes in foetal
testis.

At 750 mg/kg bw/d: reduced pup
body weights, increased male
nipple retention, and altered
female behaviour.

At 900 mg/kg bw/d: reduced male
AGD. Increased sperm count per g
cauda epididymis.

Satellite study
examined foetal
testes (n=3-4
litters)

Boberg et al.,
2011

Rat (Harlan SD), n=3-6
litters

Oral: gavage

Doses: 0, 500, 750,
1000, 1500 mg/kg/d

NOAEL: Not determined
LOAEL: 500 mg/kg/d

Reduced testis testosterone
production GD 18.

Similar effects of
the two different
CAS numbers of
DINP.

Hannas et al.,
2011
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Two types of DINP: CAS
28553-12-0 and CAS
68515-48-0 (corrected)

Vehicle: corn oil

Exposure: GD 14-18

Rat (SD), n=8-9
Oral: gavage

Doses: 0, 50, 250, 750
mg/kg bw/d

CAS 68515-48-0
Vehicle: corn oil

Exposure: GD 12-19

NOAEL: 50 mg/kg bw/d
LOAEL: 250 mg/kg bw/d

Decreased testis testosterone
content GD 19 and presence of
multinuclear gonocytes.

Effects on Leydig
cell clustering at
750 mg/kg bw/d

Clewell et al.,
2013a

Rat (SD), n=24
(controls), n=20 (DINP
groups).

Oral: diet

Doses: 0, 760, 3800,
11400 ppm

CAS 68515-48-0, 99.9%
diester phthalates
primarily with alkyl
chains of isononyl
alcohols (C9H19) with
different branching
structures

Exposure: GD 12-PND
14

NOAEL: 56 mg/kg bw/d (760
ppm)

LOAEL: 288 mg/kg bw/d (3800
ppm)

At 3800 ppm: Increased number
of animals with multinuclear
gonocytes, and reduction of male
pup weight PND 14.

At 11400 ppm: reduction of
maternal weight and male pup
weight at PND 2, reduction of AGD
and anogenital index at PND 14,
presence of Leydig cell aggregates
at PND 2, reduction of absolute
weight of levator ani /
bulbocavernosus muscles (LABC)
at PND 49/50.

DBP used as
positive control.

Measurements of
blood metabolites.

Clewell et al.,
2013b

Rat (SD), n=3-4 per
group

Oral: gavage

Dose: 0, 750 mg/kg
bw/d

CAS no. 28553-12-0,
98,8% and 68515-48-0,
99%

Exposure: GD 14-18

Inhibition of testosterone
synthesis, testosterone production
significantly reduced at 750 mg/kg
bw/d

Short-term in vivo
One dose only.

Similar effects of
two different CAS
numbers of DINP

DINP is weakly
positive.

Furr et al., 2014

Rat (SD), n=6 per group
Oral: gavage

Doses: 10, 100, 500,
1000 mg/kg bw/d

CAS 28553-12-0 purity

No effect on AGD in neonatal
pups. Statistically significant
reduction of testicular
testosterone content at 1000
mg/kg bw/d (dose-dependent
decrease at all doses, n.s.).
Histological changes in testes
(clustering of Leydig cells from 10

In the paper,
findings are
referred to as “in
foetal testes”, but
actually all
examinations
were performed in
neonatal pups

Li et al., 2015

78



ANNEX 1 - BACKGROUND DOCUMENT TO RAC OPINION ON 1,2-
BENZENEDICARBOXYLIC ACID, DI-C8-10-BRANCHED ALKYLESTERS, C9- RICH; [1]
DI-“ISONONYL” PHTHALATE; [2] [DINP]

>99% mg/kg bw/d; dysgenesis of (day of birth).
seminiferous chords and presence
Exposure: GD 12-21 of multinucleated gonocytes from

100 mg/kg bw/d). Reduced mRNA
levels of InslI3 from 10 mg/kg
bw/d; reduced mRNA levels of
several genes involved in
steroidogenesis from 100 mg/kg
bw/d.

n.s = not statistically significant

Summarising the available data, the DS concluded that DINP causes developmental toxicity,
and the data indicate toxicity to reproductive organs potentially leading to impaired fertility.
These effects were considered to be specifically substance-induced and not secondary, non-
specific consequences of other toxic effects.

On developmental toxicity, RAC noted that in several adequately designed studies with DINP
that no significantly increased incidence of malformations or other signs of severe
developmental toxicity were observed, in particular:

1. No signs of pronounced developmental toxicity such as embryolethality or malformations
were observed at doses up to 1000 mg/kg bw/d given by gavage; skeletal and visceral
variations were significantly increased in the high dose group (Waterman et al., 1999)

2. Malformations of male reproductive organs were observed in 2 out of 52 animals (not
statistically significant) (Gray et al., 2000).

3. Although slight changes in the AGD and the number of nipples in male offspring were
observed at PND 1 and 13, these alterations disappeared during postnatal development and
were not present at PND 90 (Boberg et al., 2011).

4. The highest dose of 11400 ppm DINP in the diet (approx. 720 mg/kg bw/d during gestation
and 1513 mg/kg bw/d during lactation) caused a reduced absolute LABC weight, but not in
the relative weight (Clewell et al., 2013)

Human information
The DS summarised the relevant information from human epidemiological studies in a table,
see below.

Table: Summary table of relevant information from human epidemiological studies (Table 24 of the CLH
Report).

Method Results Remarks Reference

Human epidemiological study All phthalate monoesters Main et al.,
_ _ were found in breast milk 2006

Biological samples from a with large variations

prospective Danish-Finnish [medians (minimum-

cohort study (1997 to 2001). maximum)]: MINP 95 (27-
Analysis of individual breast 469 pg/L).

milk samples collected as
additive aliquots 1-3 months 3 months old boys exposed

postnatally (n=130; 62 to higher concentrations of
cryptorchid/68 healthy boys) phthalate monoesters in
for phthalate monoesters e.g. breast milk, showed slight,
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mono-isononyl phthalate
(MINP) (DINP).

Analysis of serum samples for
gonadotropins, sex-hormone
binding globulin (SHBG),
testosterone, and inhibin B.

but significant, decreases in
levels of reproductive
hormones. A positive
correlation was found
between MiNP and LH.

Human epidemiological study

Anogenital distance was
measured in 196 boys at 21
months of age and analysis of
phthalate metabolites was
performed on maternal urine
from first trimester of
pregnancy.

Associations were found
between AGD measurements
and levels of certain
phthalate metabolites. The
most significant association
was found for AGDas
(anoscrotal distance) and
DINP metabolites, however
the AGDas reduction was
small (4%) in relation to
more than an interquartile
range increase in DINP
exposure.

Bornehag et al.,
2015

Human epidemiological study

Case-control study on levels of
phthalates in amniotic fluid
from the second trimester and
occurrence of cryptorchidism
and hypospadias. 300
controls, 270 cryptorchidism
cases, 75 cases of
hypospadias. Metabolites of
DEHP and DINP in amniotic
fluid were examined for
associations with testosterone
levels, insl3-levels and
cryptorchidism and
hypospadias.

The investigated DiNP
metabolite showed elevated
odds ratio point estimates
for having cryptorchidism
and hypospadias but was
not consistently associated
with the steroid hormones or
insulin-like factor 3.

Jensen et al.,
2015

Human epidemiological study

Maternal serum levels of DEHP
and DINP metabolites were
compared with testicular size,
semen quality and
reproductive hormones in 112
adolescent sons.

Men in the highest exposure
tertile of a DINP metabolite
had lower total testicular
volume, higher levels of FSH
and lower semen volume
than men in the lowest
tertile. Comparable findings
were seen for DEHP
metabolites. It is concluded
that prenatal levels of DINP
seemed negatively
associated with reproductive
function of adolescent men.

Axelsson et al.,
2015

RAC noted that no clear cut conclusions can be drawn from the epidemiological studies
presented in the CLH report. Among a large number of possible associations between exposure
levels and reproductive endpoints some positive associations were found which were possibly
due to random error. In particular, DINP exposure was not associated with malformations of
the male reproductive organs, such as hypospadias or cryptorchidism.
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Other relevant information

Repeated dose toxicity studies and chronic toxicity studies

To provide an overview of the general toxicity of the substance, the DS summarised the most
relevant repeated dose toxicity studies and chronic toxicity studies discussed in the EU RAR
(European Chemical Bureau (ECB), 2003a and cited in ECHA, 2013) as well as more recent

studies included in the registration dossier for DINP.

Table: Summary table of selected relevant repeated dose toxicity studies including chronic toxicity

studies (chronological order) (Table 9 of the CLH Report)

Method

Results

Remarks

Reference

One-week prechronic oral
feeding study, rat (CAS
68515-48-0)

Dietary concentration of 2%
corresponding to 1700 mg/kg
bw/d

n=8

At 1700 mg/kg bw/d:

Increased absolute and
relative weights of liver and
kidney. Increased relative
testis weight

Another group
exposed to 2%
DEHP. Formalin
fixed testes showed
no histological
effects of DEHP or
DINP.

Bio/Dynamics
1982a

13-week study, Fisher 344 rat

0,0.1, 0.3, 0.6, 1.0, 2.0%
(77, 227, 460, 767, 1554
mg/kg bw/d) (CAS 68515-48-
0)

n=15

NOAEL: 0.1% (77 mg/kg
bw/d)

LOAEL: 0.3% (227 mg/kg
bw/d): increased kidney,
liver weights decreased
cholesterol levels from
0.3%. Increased relative
testis weight at 2%, but
associated with slight
decreased absolute testis
weight and decreased body
weight.

No histological data
on testes.

Bio/Dynamics
1982b

13-week study, rat

0, 0.3, 1.0% (Males: 201, 690
mg/kg bw/d; females: 251-
880 mg/kg bw/d) (CAS
68515-48-0)

n=15 cryptorchidism and
hypospadias.

LOAEL: 0,3% (201 - 251
mg/kg bw/d): increased
kidney, liver weights,
decreased triglycerides and
urine chemistry changes.
Increased relative testis
weight at 1% associated
with a slight (n.s.) increase
of absolute testis weight.

No histological data
on testes.

Bio/Dynamics,
1982c

Chronic toxicity study, 2-year
dietary

Sprague Dawley CD rats

Guideline: not indicated in EU
RAR 2003

Santicizer 900 (CAS 71549-
78-5 according to CHAP 2001)

Dietary concentrations of 0,
500, 5000, 10 000 ppm

NOAEL: 27 mg/kg bw/d.

Spongiosis hepatis was
significantly elevated at the

mid and high dose in males.

In males, the incidence of
focal necrosis was
significantly elevated at the
low and high doses, while
the mid dose was non-
significantly elevated.

Bio/Dynamics,
1986
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Males: ca. 0, 27, 271 and 553
mg/kg bw/d

Females: ca. 0, 33, 331, 672
mg/kg bw/d.

Dose groups: n=70/sex/dose
level

Chronic toxicity, 2-year study,
rat (CAS 68515-48-0)

Dietary concentrations of 0,
0.03, 0.3 and 0.6% (w/w)

Males: ca. 0, 15, 152, 307
mg/kg bw/d

Females: ca. 0, 18, 184, 375
mg/kg bw/d

Dose groups: n=220
(110/sex)

NOAEL: 0.03% (15-
18mg/kg bw/d)

LOAEL: 0.3% (152-184
mg/kg bw/d)

Males: increased incidence
of spongiosis hepatis,
increased serum levels of
liver transaminases (1.5-
2x); increased relative and
absolute spleen weights
(61%).

Male and female: increased
liver (11-19%) and kidney
weights (5-10%). Other
histopathological findings
indicating liver toxicity.

Exxon, 1986
Hazleton,
1986a; Lington
et al., 1987;
Lington et al.,
1997

13-week feeding study LOAEL 3000 ppm for Histological BASF, 1987
lowered triglyceride level examination of
Wistar rats, n=10 of each sex | and liver histology changes. | testes and ovaries
Dietary 0, 3000, 10 000 and showed no adverse
30 000 ppm (CAS 28553-12- At 10 000 ppm: increased changes (but the
0, purity greater than 99%) absolute and relative liver method is not
corresponding to 0, 333, 1101 | and kidney weights. A trend | considered
and 3074 mg/kg bw/d at day towards a decreasing body sensitive due to
7 and to 0, 152, 512 and weight from 3000 ppm was | fixation in
1543 mg/kg bw/d at day 91 observed in males and this formaldehyde and
for the males and to 0, 379, was confirmed at 30 000 not Bouin’s fixative)
1214, 3224 mg/kg bw/d at ppm with a statistically
day 7 and to 0, 200, 666, significantly decreased body
2049 mg/kg/day at day 91 for | weight compared with the
the females. control groups (males up to
18% and females up to
OECD TG 408 11%). An increased relative
: testis weight observed at 30
GLP compliant 000 ppm is not regarded as
substance induced but the
result of the clear body
weight decrease.
13-week study, Fischer 344 LOAEL: 2500 ppm (176 No gross or Hazleton
rats mg/kg bw/d in males) microscopic Laboratories,

2500, 5000, 10 000, 20 000
ppm (males: 176, 354, 719,
1545 mg/kg bw/d, females:
218, 438, 823, 1687 mg/kg
bw/d)

n=10/sex/group

increased weight of liver
and kidney

From 10 000 ppm (719
mg/kg bw/d): increase in
relative testes/epidydimides
weight

observations were
associated with the
weight changes of
the ovaries and
testes/epidymides

1991a
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CAS 28553-12-0

At 20 000 ppm (1687
mg/kg bw/d): decrease in
absolute and relative uterus
weight.

4-week study, B6C3F1 mice,
3000, 6000, 12 500, 25 000
ppm (males: 635, 1377,
2689, 6518 mg/kg bw/d)

n=10

LOAEL: 3000 ppm (635
mg/kg bw/d in males)
increased absolute and
relative liver weight.

At 6000 ppm (1377 mg/kg
bw/d in males) decreased
absolute and relative kidney
and testes weights

Range-finding study
for 13-week study
(Hazleton, 1992).

Hazleton
Laboratories,
1991b

13-week study, B6C3F1 mice,
n=10/sex/group.

Oral: Diet

Doses: 1500, 4000, 10 000,
20 000 ppm (365, 972, 2600,
5770 mg/kg bw/d).

CAS 28553-12-0

Exposure: 13 weeks

NOAEL: 1500 ppm (365
mg/kg bw/d)

LOAEL: 4000 ppm (972
mg/kg bw/d): Enlarged
livers from 4000 ppm in
males (from 10 000 ppm in
females). Reduced absolute
testis/epididymis weights
from 10 000 ppm (2600
mg/kg bw/d), reduced
absolute and relative uterus
weight at 20 000 ppm
(5770 mg/kg bw/d).
Immature/abnormal sperm
forms in epididymis,
hypoplasia in uterus and
absence of corpora lutea in
ovaries at 20 000 ppm
(5770 mg/kg bw/d).

Positive control for
peroxisomal
proliferation WY
14,463

Hazleton
Laboratories,
1992

Chronic toxicity. 2-year
dietary, rat (Fisher 344).

Guideline: equivalent or
similar to OECD TG 452. GLP
compliant (CAS 68515-48-0).

Dietary concentrations of O,
0.05, 0.15, 0.6 and 1.2% and
high dose (1.2%) recovery
group.

Males: ca. 0, 29, 88, 359, 733
mg/kg bw/d, high dose
recovery group 637 mg/kg
bw/d

Females: ca. 0, 36, 109, 442,
885 mg/kg bw/d, high dose
recovery group 774 mg/kg
bw/d

Dose groups n=70-85/sex and
a recovery high dose group of
55/sex

NOAEL: 0.15% (88-103
mg/kg bw/d)

LOAEL: 0.6% (358-
442mg/kg bw/d):

Males: increased incidence
of spongiosis hepatis.

Males and females:
increased absolute and
relative liver and kidney
weights, increased serum
levels of liver
transaminases, other
histopathological findings
indicating liver toxicity

Aristech, 1994
(Aristech,
1995; Covance
1998; Moore,
1998a; Butala
et al., 1996)

I
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Chronic toxicity, 2-year
dietary study, mice.

0, 500, 1500, 4000, 8000
ppm (Males: 0, 90.3, 275.6,
741.8, 1560.2 mg/kg bw/d,
females: 0, 112, 335.6,
910.3, 1887.6 mg/kg bw/d)

NOAEL: 500 ppm

LOAEL: 1500 ppm increased
liver and kidney weights.
Decreased absolute and
relative testis weight at
741.8 mg/kg bw/d (4000
ppm, 11.1% reduction) and
1560.2 mg/kg bw/d (8000

ppm, 20.2% reduction)
without histological
changes.

Aristech, 1995

13-week study, marmoset NOAEL: 500 mg/kg bw/d Another group Hall et al.,

(CAS not specified) received Clofibrate 1999
LOAEL: 2500 mg/kg bw/d 500 mg/kg bw/d to | (Huntington

Gavage in 1% methylcellulose | minor changes: decreased provide a positive Life Science,

and 0.5% Tween. 100, 500, body weight, decreased control for liver 1998)

2500 mg/kg bw/d body weight gain peroxisome activity

n=4 males and 4 females

2-week study, adult male NOAEL 500 mg/kg bw/d. No effects of Pugh et al.,

cynomolgus monkey, gavage additional test 2000

in 0.5% methyl cellulose (10
mL/kg) (CAS 68515-48-0)

500 mg/kg bw/d

n=4

No changes in body weight,
organ weights, urinalysis,

haematology, clinical

chemistry, no inflammation

or necrosis in the liver,
kidney and testes, no
change in hepatic

peroxisomal B- oxidation or
replicative DNA synthesis.

No effect on gap junctional
intercellular communication

in vitro.

compounds DEHP
500 mg/kg bw/d
and clofibrate 250
mg/kg bw/d on
these endpoints.
Clofibrate reduced
relative weight of
testes/epididymides
and
thyroid/parathyroid.

Rat (SD), juvenile male, 5
weeks old, n=6

Oral: gavage
Dose: 500 mg/kg bw/d

CAS 28553-12-0. Purity not
described.

Vehicle: corn oil

Exposure: 28 days (PND 35 to
77)

CAS 28553- 12-0

NOAEL: Not determined
LOAEL: 500 mg/kg bw/d.

Reduced sperm count (to
75% of control) and sperm

velocity.

Increased relative liver
weight (to 145% of

control). Decreased body
weights (to 88% of control).

One dose only.

Other dose groups
exposed to one of
eight other
phthalate diesters
or five phthalate
monoesters.

Kwack et al.,
2009

Male Kunming mice, age 7-8
weeks.

14 days exposure to 0, 0.2, 2,
20, or 200 mg/kg bw/d of
DINP

n=10

NOAEL: 2 mg/kg bw/d

LOAEL: 20 mg/kg bw/d for
histological effects on liver

(oedema).

Increased reactive oxygen
species (ROS) in liver and
kidney at 200 mg/kg bw/d;

Other groups
received melatonin,
or melatonin in
combination with
DINP (200 mg/kg
bw/d). Poor data
reporting: no clear
description of the
number of affected

Ma et al., 2014
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decreased glutathione animals at 20 and
(GSH) content in liver at 20 | 200 mg/kg bw/d.
and 200 mg/kg bw/d and in
kidney at 200 mg/kg bw/d.

n.s = not statistically significant

RAC noted that for the repeated dose toxicity studies:

1. in the two-year dietary study, testes weights in mice were not decreased when related to
body weight, the decrease was only seen relative to brain weight. No histological changes in
were found the testes (Aristech et al., 1995)

2. in non-human primates (Callithrix jacchus) at dose levels up to 2500 mg/kg bw/d given for
13 weeks no significant change in testosterone levels was reported, as well as no changes in
absolute or relative testes/epididymis weight. However, hormone levels were highly variable
and only four animals were studied in each group. Histopathology of the testes was normal
(Hall et al., 1999; (Huntington Life Science, 1998; KHK056/983532))

3. reduced sperm counts per g of tissue in rats after treatment with 500 mg/kg bw/d (Kwack
et al., 2009), while other authors reported an increase after higher doses (Boberg et al., 2011).

Mode of action studies

The DS summarised a Hershberger assay on castrated male rats and a uterotrophic assay in
immature and pubertal female rats in the table below in order to clarify the mode of action for
adverse effects of DINP.

Table: Summary table of Hershberger assay by Lee and Koo (2007) and uterotrophic study by Sedha et
al. (2015). (Table 25 of the CLH Report)

Method Results Remarks Reference
Rat (SD), Hershberger assay NOAEL: not determined Other groups Lee and Koo,
in castrated males dosed with receiving MEHP, 2007
testosterone propionate (0.4 LOAEL: 20 mg/kg bw/d for DEHP, DBP or

mg/kg bw/d) statistically significant DIDP induced

reduction of seminal vesicle comparable
20, 100 and 500 mg/kg bw/d weight to 78% of controls. changes, but also

of DINP At 500 mg/kg bw/d weights reduced ventral

) of LABC! were significantly prostate weight.
Oral: gavage reduced to 82% of controls. | DNOP and BBP did
Vehicle: corn oil not affect_

reproductive

Exposure: 10 days (PND 35 to organ weights.
44)
Uterotrophic assay in No change in uterus weight Other groups Sedha et al.,
immature Wistar rats and (both studies) and no received 250 or 2015
pubertal female assay in change in puberty timing 1250 mg/kg bw/d
Wistar rats, n=6. (pubertal study) in DINP of DIBP. DES (40

exposed groups. High dose: ug/kg bw/d or 6
Absolute and relative ovary pg/kg bw/d) was
weights were reduced to 72

1LABC: glans penis, seminal vesicles, ventral prostate, and levator ani/bulbocavernosus muscles
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3 days exposure (PND 20 to or 90% of control values used as a positive
PND 22) or 20 days exposure after 20 days of exposure to | control.
(PND 21 to 40) DINP, but were not affected

by DIBP or DES.
Doses: 276 or 1380 mg/kg

bw/d of DINP

CAS 68515-48-0, 99.5%
purity.

The DS concluded that DINP does not act via an estrogenic mode of action, but may possibly
interfere with endogenous estradiol production to induce changes in female reproductive
development, although this has not been thoroughly investigated. They further concluded that
the same effects as reported in male pups following exposure to DINP were reported following
in utero exposure to other phthalates with harmonised classifications for development as Repr.
1B, and that an antiandrogenic mode of action was suggested also for these phthalates.

Comparison with other phthalates

The DS listed observations for DINP and other phthalates in a table, see below. The DS
concluded that the similarity between the effects of DINP and effects of the listed phthalates
further support classification of DINP.

Table: Similarity between effects of DINP and other phthalates classified as toxic to reproduction (Table
26 of the CLH Report).

Substance | Areola/nipple | Decreased | Hypospadias | Harmonized | Effects on References
retention foetal or Repr. 1B foetal testis
neonatal (H360D) testosterone
male AGD classification | production
or -content

DIBP Yes Yes Yes Yes Yes Saillenfait et
al., 2008;
Borch et al.,
2006

DBP Yes Yes Yes Yes Yes Fabjan et al.,
2006 (review)

BBP Yes Yes Yes Yes Yes Fabjan et al.,
2006 (review)

DCHP Yes Yes Yes Yes Yes Saillenfait et
al., 2009;
Hoshino et
al., 2005;
Yamasaki et
al., 2009

DPP Yes Yes Beverly et al.,
2014

DnHP Yes Yes Yes Yes Yes Saillenfait et
al., 2009 and
2013
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DEHP Yes Yes Yes Yes Yes Fabjan et al.,
2006 (review)

DINP Yes Yes Yes Gray et al.,
2000; Boberg
etal., 2011;
Clewell et al.,
2013a

RAC noted that the table illustrating the similarity between effects of DINP and other
phthalates classified as toxic to reproduction does not reflect the complete data set. For
example, reduced AGD was not found in all studies with DINP and was a transient, reversible
finding reported in the Boberg et a/. (2011) publication. A reduction of foetal testosterone has
been observed with DINP similar to other phthalates, but this did not cause irreversible, gross
structural defects. Malformations such as hypospadias and cryptorchidism which led to
classification of other phthalates were not reported with DINP.

Summary and conclusions of the dossier submitter’s classification and labelling
proposal

Effects on fertility

Key evidence for effects of DINP on fertility:

e Reduced absolute and relative testes weights at high doses in a 2-year study in mice
(Aristech Chemical Corporation, 1995; 742 and 1560 mg/kg bw/d), and at higher doses in
studies with shorter durations of exposure, i.e. a 4-week study in mice (Hazleton, 1991;
1377 mg/kg bw/d), and a 13-week study in mice (Hazleton, 1992; 2600 and 5770 mg/kg
bw/d).

e Reduced sperm count and effects on sperm motion parameters after 28 days of exposure
in juvenile rats (Kwack et al., 2009; one dose only, 500 mg/kg bw/d).

¢ Dose-dependent, long-lasting reduced sperm motility in rats exposed perinatally (Boberg
et al., 2011; 600, 750 and 900 mg/kg bw/d).

The DS concluded that the available data indicate toxicity of DINP to reproductive organs and
on sperm count and sperm motility potentially leading to fertility effects. The DS considered
these effects to be specific and not secondary non-specific consequences of other toxic effects.

Furthermore, the DS argued that similar findings as for other classified phthalates with the
same mode of action supported classification for effects on sexual function and fertility for
DINP. Classification as Repr. 2; H361f was proposed, as the evidence was not considered
sufficiently convincing to place the substance in category 1.

Developmental toxicity

Key evidence for effects of DINP on development, which are observed in the absence of
maternal toxicity, were given as follows:

e Structural abnormalities: skeletal effects (rudimentary ribs) were seen in two
developmental toxicity studies (Hellwig et al., 1997; Waterman et al., 1999; 1000 mg/kg
bw/d).
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e Effect on altered growth: decreased body weight in offspring was found in a two-generation
study (Waterman et al., 2000; from 159 mg/kg bw/d).

e Functional deficiency: dose-dependent, long-lasting decrease in the percentage of motile
sperm in rats exposed perinatally (Boberg et al., 2011; from 600 mg/kg bw/d).

e Structural abnormalities: increased nipple retention and decreased AGD in male rats
exposed perinatally (Boberg et al., 2011; Gray et al., 2000, Lee et al., 2006; mostly from
750 mg/kg bw/d).

e Structural abnormalities: increased incidence of permanent structural changes (permanent
nipples, malformations of testis and epididymis, histological changes in testis and
epididymis) in rats exposed perinatally (Gray et al., 2000, Masutomi et al., 2003; at 750
and 1165 mg/kg bw/d, respectively).

e A comparable pattern of adverse effects and of mode of action as seen for other phthalates
classified in category 1B; i.e. DEHP, DBP, DIBP and BBP. In foetal testes, several studies
described the presence of multinucleated gonocytes and reduced testosterone production,
as also described for DEHP, DBP, DIBP and BBP (Boberg et al., 2011; Borch et al., 2004;
Hannas et al., 2011; Clewell et al., 2013, Li et al., 2015).

With respect to the developing animal, effects on the AGD as well as on the occurrence of
increased nipple retention in male pups were recorded in several studies and those findings
were considered by the DS to be specific and not secondary non-specific consequences of
other toxic effects. In addition, dose-dependent permanent decreases in sperm motility in rat
offspring following perinatal exposure and increased incidences of permanent malformations
of testes, epididymides and external genitalia in rats exposed perinatally were considered to
be specific and not secondary non-specific consequences. Mechanistic studies indicated an
anti-androgenic mode of action. Based on this, the DS concluded that there is clear evidence
of an adverse effect on development and that classification as Repr. 1B; H360D is warranted.

Overall, classification of DINP as Repr. 1B, H360Df was proposed by the DS.

Comments received during public consultation

Fifty-two comments were received during public consultation. Comments were submitted by
27 industry stakeholders, six individuals, two national authorities, six downstream-users, four
Member state competent authorities (MSCAs) and seven manufacturers.

In 37 comments, a classification of DINP as Repr. 1B; H360Df was not supported and no
classification was regarded to be more appropriate (23 by industry stakeholders or trade
associations, three by individuals, five by downstream-users, one by an MSCA and five by
manufacturers).

This view was based on several points of criticism of the CLH report such as:

e that the CLH proposal did not to follow the CLP criteria and it was stated that the
classification proposal was not based on adverse effects, but on small inconsistent changes
in some parameters observed in some selected studies with DINP.

e that the study quality and how study limitations affect conclusions with regard to
classification had not been assessed in the CLH report, particularly for key studies.

e that most studies cited by the DS had already been assessed extensively by regulators in
the past and have been found not to support classification (EU RAR, 2003), and that effects
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which regulators previously concluded not to support classification were now used to
support classification.

e A proposal for no classification was argued to be in line with the current REACH registration
dossier for DINP (updated in December, 2015), the reason for no classification in the
registration dossier being that the reproductive data on DINP is “not sufficient for
classification”.

The commenters also criticised the comparison of DINP with classified, lower molecular weight
phthalates in relation to fertility effects. It was argued that “"The effects of DINP are not
comparable with those seen with classified phthalates (DBP, BBP, DEH and DIBP). This point
is also made by the dossier submitter in the dossier in 4.11.4.2 (In comparison with DEHP,
DPB and BBP the overall evidence for effects of DINP on fertility is limited) and yet the dossier
submitter proposes classification for fertility category 2.”

It was furher argued that there are no effects shown by DINP similar to those shown by the
other classified phthalates. Adverse effects on reproduction are observed with alkyl phthalates
exhibiting a carbon chain length of 3 to 6 carbon atoms (with or without methyl or ethyl
branching). Past studies have shown that adverse effects on reproduction are not observed in
alkyl phthalates when the longest straight carbon chain has 7 to 13 carbon atoms (with or
without methyl, ethyl or propyl branching).

Furthermore, the commenters pointed out that the CLH proposal did not discuss the known
findings on structure-activity relationships in an adequate way and extrapolated a concern for
DINP which is not supported.

Several comments addressed various socioeconomic aspects of a DINP classification as Repr.
1B; H360Df. Those are however not relevant for harmonised classification under CLP.

In 11 comments it was emphasised that the European Commission concluded in 2014 with
regard to the regulation of DINP and DIDP, that on the basis of the available information, no
unacceptable risk has been characterised for the uses of DINP and DIDP in articles other than
toys and childcare articles which can be placed in the mouth, and that in the light of the
absence of any further risks from the uses of DINP and DIDP, the evaluation of potential
substitutes has been less pertinent.

One MSCA asked the DS to clarify the identity of both substances and to provide concentrations
of the constituents.

Two MSCAs commented in support of the proposed classification of DINP as Repr. 1B; H360Df.

In two comments from a national authority, the classification of developmental toxicity in
category 1B was supported, but no classification for fertility was considered appropriate. It
was argued that the evidence for fertility is too inconsistent to derive any firm conclusion, and
that instead available data were considered to warrant performing further studies.

One MSCA supported the classification for fertility in category 2 but proposed category 2 also
for developmental toxicity as there are some indications of structural/functional effects but no
conclusive evidence for DINP to induce irreversible effects in the adult male.
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Additional key elements

A number of studies evaluating the reproductive toxicity of DINP have been published. The DS
used six studies to evaluate effects on fertility and 17 studies to evaluate effects on
development. In addition, 15 repeated dose toxicity studies / chronic toxicity studies as well
as two mode of action studies were included as supporting evidence for effects on fertility or
development. Most of the studies were published during the last two decades. Although not
all experiments are in line with OECD test guidelines, the overall quality of the publications is
good.

Regarding the Boberg et al. study, a corrigendum to the 2011 publication was done by Boberg
et al. in 2016 and published shortly before submission of the CLH proposal to ECHA. Further,
the raw data were made public in 2015 and based on these some re-analyses of the data have
been published:

+ Boberg et al. 2011: original publication in Reproductive Toxicology
+ 2015; publication of raw data from Boberg et al., 2011

+ Boberg et al., 2016 (corrigendum)

+ March 29, 2017; CLH proposal submitted by Denmark

« April 13, 2017; Morfeld et al., 2017 (letter)

« April 6, 2017; Boberg et al., 2017 (rebuttal to Morfeld letter)

*  May 26, 2017; Chen et al., 2017 (reanalysis of raw data)

RAC has considered the recent papers by Morfeld et al., 2017 and Chen et al., 2017 and cited
them in this opinion (see below).

Assessment and comparison with the classification criteria

Effects on fertility

Non-human information

Information from fertility studies

In the one-generation study, rats were exposed via food to 0%, 0.5%, 1.0% or 1.5% DINP
(CAS 68515-48-0) in the diet (corresponding to 0, 377-404, 741-796, and 1087-1186 mg/kg
bw/d, respectively, during gestation and 0, 490-923, 1034-1731, and 1274-2246 mg/kg bw/d,
respectively, during lactation; Waterman et al., 2000/Exxon Biomedical Sciences, 1996). In
both males and females, significantly reduced food consumption and lower body weights in
comparison with control values were seen in males and females at the two highest dose levels
before mating (premating day 70: males -10%, females -11% bw at the highest dose) and in
females during gestation (GD 21 -12% bw at the highest dose) and the postpartum period
(PND 21 -23% bw at the highest dose). No effects on fertility of exposed rats were detected.
Absolute ovary weights (ca. 36% (right ovary) and ca. 27% (left ovary)) of high dose females
were significantly lower than control values at the end of premating period; this effect was
seen concomitantly with 11% lower body weight.

Statistically significant changes were seen in parental male reproductive organ weights
(increased absolute and relative weights of testes and epididymides, and increased relative
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weights of seminal vesicles) in the high dose group at the end of the premating period (day
70). No microscopic evaluation of reproductive organs and no evaluation of sperm parameters
were performed.

RAC considers that the observed changes in organ weights of reproductive organs alone are
not specific hallmarks for adverse effects on reproductive functions. In the study of Waterman
et al. (2000) increased absolute and relative weights of testes and epididymides, and increased
relative weights of seminal vesicle were observed in the high dose group (1087-1186 mg/kg
bw/d). Lower food consumption and (max. 10%) lower body weights observed before mating
in males could be one cause of elevated testes/epididymides weights (max. 10%).
Atrophic/degenerative effects on reproductive organs could be indicated by lower weights of
reproductive organs, unless these atrophic effects were masked by accompanying
inflammatory or other secondary responses which may be associated with normal or increased
organ weights. Noting that weight changes may be indicative and are often a sensitive effect,
it requires confirmation by accompanying microscopic lesions and/or lower reproductive
performance. Rats in the one-generation study of Waterman et al. (2000) did not show any
changes in the reproductive parameters (e.g. mating and fertility rates, gestational index or
length of gestation). Microscopic examinations or evaluation of sperm parameters was not
performed.

Relative weights of the ovaries in females at the high dose were reduced, which could be
indicative of atrophic or degenerative changes. However, lack of any effect on reproductive
parameters raises questions regarding the relevance of the findings. Thus, no indication of a
suppressive effect on paternal or maternal fertility were observed up to the high dose (1087-
1186 mg/kg bw/d) in the one-generation study of Waterman et al. (2000), while some
uncertainties remain due to the missing histopathologic examinations.

In the follow-up two-generation study (Waterman et al., 2000/Exxon Biomedical Sciences,
1996), rats were exposed to 0%, 0.2%, 0.4% and 0.8% of DINP (CAS 68515-48-0) in the
diet. No maternal toxicity was seen, nor were there any changes on body weight during the
premating, mating and gestation period. However, dams in the 0.8% group had significantly
lower body weights at postpartum days 14 (7%) and 21 (3%) in comparison to control values.
No changes in fertility or parental male reproductive organ weights were seen. A statistically
significant decrease was observed in the mean left ovary weight of the P1 females at 0.8%
(577 mg/kg bw/d). The DS pointed to the EU RAR (2003) in which it was concluded that in
the absence of a clear dose response relationship, similar findings in the right ovary weights,
consistent pattern of response between absolute and relative organ weights, or correlating
microscopic findings this decrease was considered incidental and unrelated to treatment. This
study was based on test guidelines which did not include evaluation of sperm parameters. An
increase in relative epididymis weight was detected in adult male offspring. Mean litter size
was increased at all doses in both generations, whereas no effects on live births or pup viability
were found. In both generations of offspring, increased liver and kidney weights were seen in
males and females. These findings were most marked in F1 offspring, which showed effects
from the mid dose (0.4% in diet), whereas the second generation showed effects at the top
dose (0.8% in diet) only. The pituitary, testes (fixed in Bouin’s solution), epididymides,
prostate, seminal vesicles, vagina, uterus, mammary gland and gross lesions from all parental
animals in the control and 0.8% groups were examined microscopically.
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RAC concluded that no effects on sexual function and fertility were seen in this two-generation
study as there were no treatment related effects on reproductive/fertility parameters, organ
weights of the reproductive organs nor any microscopic abnormalities in reproductive organs.
Some uncertainty remains, as sperm parameters that became standard parameters in the
OECD TG 416 in 2001 were not examined in this study which was conducted in 1996
(Waterman et al., 2000).

Both the one- and two-generation studies indicated lower ovary weights in rats. These were
markedly lower at 1.5% DINP (1087-1186 mg/kg bw/d) in the one-generation study and
most likely incidentally lower in the left ovary only at 0.8% (577 mg/kg bw/d in P1 females
of the two-generation study, see above). RAC agreed with the interpretation that no firm
indication of atrophic changes on the ovary can be concluded, at least for the doses of 0.8%,
at which microscopy did not reveal any abnormalities. No effect on the weight of ovaries was
seen at 1% DINP in the one-generation study, thus pointing to a lack of a clear dose-response
relationship up to 1% DINP. Taking the absence of effects on female fertility in both studies
into account, the lower ovary weights at 1.5% DINP - based on the data available - were
concluded not to contribute to a need for classification. Hence, no effects on male and female
reproductive performance were seen at doses up to 1.5% DINP (CAS 68515-48-0;
corresponding to 1087-1186 mg/kg bw/d), as parameters such as fertility indexes, number
of pups at birth, or litter size were not adversely affected in any of the two studies.

Information on fertility from developmental studies with observation up to PND 90

No indications on maternal toxicity (no effect on body weight gain during pregnancy) or effects
on fertility (gestation length, postimplantation loss, litter size, sex ratio or perinatal loss) were
observed in the dams of the developmental toxicity study by Boberg et al. (2011) at doses up
to 900 mg/kg bw/d (GD 7-PND 17).

A reduction in sperm motility was observed in 90 day old rats (subgroup 2a in Boberg et al.,
2011, Fig. 4 therein) after exposure to 600 mg/kg bw/d DINP and above from GD 7 to PND
17. The corrigendum of the authors (Boberg et al., 2016) on the statistical method for pairwise
comparisons confirm significant lower percentages of motile sperm at 750 and 900 mg/kg
bw/d, but not at 600 mg/kg. Sperm velocity parameters were not affected by DINP treatment.
The weights of reproductive organs did not deviate from that of control animals in 90 day old
male and female rats up to 900 mg/kg bw/d. One male from the 600 and 750 mg/kg groups,
respectively, had small testes and epididymides. No treatment-related histological
abnormalities were seen in the testes and epididymides.

Treatment during gestation and the lactation period (GD 7-PND 17) at doses (without maternal
toxicity) up to 900 mg/kg bw/d DINP did not affect organ weights or morphology of male
reproductive organs, but lowered the % of motile sperms in male rats at doses of 2750 mg/kg
bw/d at 90 days of age.

Reanalysis of the statistical calculations (Boberg et al., 2016) and reanalysis of the raw data
from this study by Morfeld et al. (2017) and Chen et al. (2017) showed that the significance
of the effect on sperm motility outlined in the original study from 600 mg/kg bw/d could not
be reproduced for all dose groups and only effects at 750 and 900 mg/kg bw/d were found to
be significantly lower than control values. Morfeld et al. (2017) in addition concluded that the
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increase in sperm counts per g of cauda (at 900 mg/kg bw/d) and the % progressive sperms
(at 750 mg/kg bw/d) were not significantly different from controls. These effects, however,
were not proposed as justification for classification with category 2 for sexual function and
fertility by the DS.

Furthermore, sperm analyses in the study of Boberg et al. (2011) was done in 1-3 animals
per litter and a total of 6-10 males per dose group, which leaves some uncertainties due to
the overall small animal numbers examined. Normally, sperm motility in rats is at least 80%,
but sperm motility in control rats described by Boberg et al. was only 60%. According to the
OECD Guidance Document (OECD, 2008), a minimum of 70% motility is acceptable in controls.

At the Rapporteurs’ Open Dialogue the EuPC remarked that none of the values of the control
group meet the OECD minimum quality requirements of at least 70% and that all values in
the exposed groups were within the historical control variance (of one standard deviation of
the mean of historical control data, which they derived from other publications from the same
laboratory). RAC took note of this view, but noted that the overall database presented on
historical control data from two publications is small (a total of 26 animals from two studies)
and noted that the means of the two studies were both lower than 70% (53.8 % in Jarfelt et
al., 2005 and 65% in Taxvig et al., 2007) and this is in the same range as in the study of
Boberg et al. (2011; 60%). Whether a significant effect should only be considered as treatment
related if the findings were out of the range of one standard deviation, seems questionable.
In addition, the animals in the Jarfelt study were examined at PND 190 for sperm parameters,
those of the Taxvig study at an age of 7 months, while the rats in the study of Boberg were
examined much earlier, on PND 90.

Concerning the findings on sperm motility in the Boberg et al. study, RAC took note of this in
the overall weight of evidence consideration, and noted that the mean % of motile sperm were
significantly reduced at 2600 mg/kg bw/d following the initial evaluation of Boberg (2011)
and were significantly reduced at =750 mg/kg bw/d after re-evaluation. The reduction in
sperm motility did not show a clear dose-response relationship at the two top doses (750 and
900 mg/kg), and no concomitant microscopic abnormalities were seen in the testes and
epididymis

Evidence from additional repeated dose studies in animals

Lower (absolute and relative) testes weights were not seen in any of the available repeated
dose studies in rats; the only effects in rats were those on sperm count and velocity of the
Kwack et al. study (2009). RAC considers lower testes weights at 2600 mg/kg in mice
(Hazleton, 1992) as not relevant for classification due to the high dose used. Lower testes
weights in two other mice studies were either not accompanied by microscopic abnormalities
(741.8 and 1560.2 mg/kg bw/d of the Aristech study) or were not observed in a range-finding
study (Hazleton, 1991a) from which microscopic examination were missing (or at least data
were not reported).

In the three studies with reduced testes weights, effects on body weights (Hazleton, 1991b;
Hazleton, 1992) or lower body weight (and lower testes weight were related to brain weight
only) was seen at the same doses (Aristech, 1993). Body weight reductions may not be
considered sufficiently marked to exclude these findings for classification purposes. DINP-
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exposed males weighed 88% of controls in the study by Kwack et al. (2009), and 90 % and
83% of controls in the two highest dose groups in the study by Aristech (1995).

In contrast, increased relative testis weights were seen in other studies without changes in
absolute testis weight, and were considered to be related to reduced body weights
(Bio/dynamics, 1982a, b, c; BASF, 1987). In 2-year old cynomolgus monkeys, relative
testis/epididymis weights were 76% of controls following 14 days of gavage treatment with
500 mg/kg bw/d DINP. This was not statistically significant, however the analysis comprised
only 4 animals (Pugh et al., 2000) and this dose did not induce effects on body weight and
relative liver weight. Microscopic examination of the testes revealed no treatment-related
effect. The study of Hall et al. in marmosets focussed on liver effects and resulted in no change
in testosterone levels (assessed in four males/dose group; Huntington Life Science, 1998/Hall
et al., 1999). No changes were seen in absolute or relative testes/epididymis weight, nor were
there any gross abnormalities or histopathology in the testes (epididymis not evaluated).

There was a decrease in absolute and relative weight of the uterus at 719 mg/kg bw/d in the
13-week study, and this was also taken into consideration (Hazleton Laboratories, 1991a). No
microscopic lesion has been observed in this study, while no data were available for the
ovaries. The hypoplasia in the uterus and absence of corpora lutea in ovaries in combination
with lower absolute and relative weights of the uterus observed in mice after 13 weeks of
exposure in the diet may indicate that DINP (CAS 28553-12-0) has some adverse effects on
female reproductive organs (Hazleton Laboratories, 1992). However, the effects were seen at
5770 mg/kg bw/d and effects at this unusually high dose were not considered relevant for
classification purposes.

Human information

Human cross-sectional studies by Joensen et al. (2012), Specht et al. (2014) and Specht et
al. (2015) did not show any clear associations between adult exposure to DINP and fertility
measures, such as sperm parameters, hormone levels or time to pregnancy. One cross-
sectional study (Mieritz et al., 2012) on 555 healthy boys (age 6.07-19.83 years) evaluated
anthropometry, pubertal stages and the presence of gynaecomastia. Urinary levels of
phthalate metabolites were not associated with pubertal timing, serum testosterone or with
the presence of pubertal gynaecomastia.

Summary and conclusion on fertility

Since there is no evidence for effects of DINP on fertility in humans, classification in Category
1A is not appropriate. Also classification in Category 1B for fertility is not appropriate, as there
is no clear evidence of effects on fertility.

Classification in Category 2 is based on evidence from humans or experimental animals,
possibly supplemented with other information, of an adverse effect on sexual function and
fertility, or on development and where the information is not sufficiently convincing to place
the substance in Category I B.

The available studies provide some suggestions that DINP may affect sexual function and
fertility, but do not allow any firm conclusion and the evidence is considered too inconsistent
or uncertain to place DINP in Category 2. More specifically:
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e The two-generation study by Waterman et al. (2000) did not find any significant adverse
effects on fertility/reproduction parameters at doses up to 543-577 mg/kg bw/d. It was
however noted by RAC that there was no assessment of sperm parameters (not included
as standard parameters in the test guideline before 2001) in the study.

e Significant increases in absolute/relative testis and epididymis weights were observed in
parental rats at about 1100 mg/kg bw/d in the one-generation study of Waterman et al.
(2000). The effect is not consistent with lower testes weights seen in other studies at lower
and higher doses. Lower body weight in males at this dose in comparison to control values
may have contributed to the weight increases, but there was no indication of an atrophic
effect (which if present could have been enhanced by lower body weight gain).

e Reduced absolute and relative testes weights at high doses in a 2-year study in mice
(Aristech Chemical Corporation, 1995; 742 and 1560 mg/kg bw/d) were not accompanied
by any microscopic abnormality. Thus, the biological significance is unclear.

e Lower absolute and relative testes weights at higher doses in studies with shorter durations
of exposure, i.e. a 4-week study in mice (Hazleton, 1991b; 1377 mg/kg bw/d), and lower
absolute testes weights in a 13-week study in mice (Hazleton, 1992; 2600 and 5770 mg/kg
bw/d) were noted, but the missing information on microscopy and the unusually high doses
led RAC to conclude that the findings in these studies do not support classification for
fertility.

e The study on juvenile rats by Kwack et al. (2009) observed relevant adverse effects on
sperm parameters, but without concomitant effects on weight or morphology of the testes.
The effect on sperm count and velocity is inconsistent with the effects on % motile sperms
seen in the Boberg et al. study.

e While no effect on sperm counts were observed, Boberg et al. (2011) observed decreased
sperm motility in the offspring after in utero/postpartum exposure to DINP (GD 7-PND 17).
Reanalysis of the statistical calculations (Boberg et al., 2016) and reanalysis of the raw
data from this study (Morfeld et al., 2017 and Chen et al., 2017) showed that the
significance of the effect on sperm motility outlined in the original study, from 600 mg/kg
bw/d and higher, could not be reproduced for all dose groups (including 600 mg/kg bw/d).
According to the reanalysis only effects at 750 and 900 mg/kg bw/d were significantly
lower than control values and were without a clear dose response relationship.
Furthermore, sperm analyses in the study of Boberg et al. (2011) examined a limited
number of animals (1-3 animals per litter and a total of 6-10 males per dose group) and
the control values did not meet the minimum OECD quality control standards.

e Under the CLP Regulation (Annex I, section 3.7.2.5.7), effects above a limit dose (which
for the testing in oral reproductive and repeated dose toxicity studies following OECD test
guidelines is specified as 1000 mg/kg bw/d) on testes and reproduction parameters are
considered outside the classification criteria unless there are reasons to take them into
account for classification (e.g. the anticipated human exposure is sufficiently high or if
species differences indicate a higher sensitivity for humans).

e Due to the lack of correlates between weight changes and morphology and the overall
heterogeneity of the data on testis weight and sperm parameters, these findings are
considered as not sufficiently convincing to outweigh the negative functional studies.

There is no evidence for effects of DINP on fertility in humans. Due to inconsistencies between
the different animal studies as well as lack of concommittant microscopic lesions (or
information thereon) in the testes, and giving weight to the lack of effects on fertility
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reproductive parameters in the one- and two-generation studies, RAC concluded that overall
there is insufficient evidence for effects on sexual function and fertility in experimental
animals. Therefore, RAC considered that no classification for effects on fertility is
warranted. Studies testing extremely high doses were not considered relevant for
classification purposes.

Developmental toxicity

Non-human information

Three developmental toxicity studies consistent with or similar to OECD TG 414 were reported
in two publications. Testicular histopathology was not performed and hormone-sensitive
endpoints such as AGD or testicular testosterone production were not examined.

In one developmental toxicity study (Hellwig et al., 1997; cited also as BASF, 1995a in ECHA
2013) either CAS 68515-48-0 or 28553-12-0 (two preparations) was applied in three sub-
studies. The differences in the composition are described in ECHA (2013). In each screening
study following TG 414 (with 8-10 dams instead of 20 dams/group), eight to ten pregnant
Wistar rats per group were administered (by gavage) daily doses of 0, 40, 200 or 1000 mg/kg
bw/d on days 6-15 post coitum. Half of the foetuses were examined for soft tissue
abnormalities and the remaining foetuses for skeletal abnormalities.

After treatment with DINP (CAS 68515-48-0, 1t sub-study) an increased occurrence of foetal
skeletal variations (total no.: 78 (60%) vs. 47 (35%) in controls) was seen at the highest dose
(1000 mg/kg bw/d) consisting mainly of rudimentary cervical ribs (incidence (affected litters)
at 0, 40, 200, and 1000 mg/kg bw/d: 0, 2(1), 1, and 11(5), respectively), and/or accessory
14th ribs (incidence 0, 0, 2(2), 37(19), respectively). Dams at 1000 mg/kg/d consumed less
food (no quantitative information available) and had non-significantly lower body weight (bw
at GD 20 around 3-4% lower) compared to the control group. At autopsy, a statistically
significant increase in relative kidney weights was recorded at 1000 mg/k bwg/d; the relative
liver weights were slightly, but not statistically significantly, increased.

With another preparation of DINP (CAS 28553-12-0, 2" sub-study) no significant decrease of
the food consumption, of the body weight (4% lower on GD 20 at high dose vs. control values),
or of the corrected body weight gain was observed. The only substance-related foetal effect
was an increased incidence of a skeletal variation, namely accessory 14th rib(s), with
incidences of 0, 1, 4(2), 10(5) at 0, 40, 200, and 1000 mg/kg bw/d, respectively (not indicated
as significantly increased). The CLH report stated (with unknown source and without further
quantitative data) that the respective values were distinctly above the historical control values.
The incidences (affected litters) of rudimentary cervical ribs were 0, 0, 1, 4(4).

In a third sub-study with DINP (CAS 28553-12-0, 3™ sub-study) from a different production
line which ceased in 1995, mean body weight was significantly lower (8%) at 1000 mg/kg/
bw/d on GD 15 and non-significantly lower (6%) on GD 20, the food consumption was lower
on GD 8-13 (reported in ECB, 2003a). Increased rates of certain skeletal retardation
(unossified or incompletely ossified sternebrae) and skeletal (rudimentary cervical (0, 0, 2(1),
and 12(7)) and/or accessory 14th ribs (0, 0, 9(5), and 34(8)) variations were seen. The
statistically significantly increased occurrence of 1000 mg/kg bw/d foetuses with rudimentary
cervical (78% vs. 0 in controls on a per litter basis, 7 of 9 litters affected) and/or accessory
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14th ribs (89% vs. 0 in controls on a per litter basis, 8 of 9 litters affected) was considered to
be related to the test substance administration to the dams.

No treatment-related effect on the foetal weight was seen in the three sub-studies of Hellwig
et al. (1997).

In another developmental toxicity study (Waterman et al., 1999) with DINP (MRD 92-455,
CAS 68515-48-0) no statistically significant differences in mean foetal body weight or external,
visceral or skeletal malformations between treated and control animals were observed.
However, statistically significant increases in foetuses with skeletal variations, such as lumbar
rudimentary ribs and with visceral variations (dilated renal pelves) were seen at the highest
dose of 1000 mg/kg bw/d on a per litter basis. Specifically, an increase was seen in the total
number of foetuses with visceral variations on a per foetus basis. The total number of
variations was significantly increased at the high-dose level on a per litter basis (6/23 vs. 0/24
in controls). The increases in visceral variations were mainly due to increases in dilated renal
pelves (0, 3.7*, 4.0%, 4.5* % of foetuses, 0, 12, 16.7, 25.1* % of litters at 0, 100, 500, and
1000 mg/kg bw/d, respectively; *=statistically significant). Skeletal variations, mainly
rudimentary lumbar and supernumerical cervical ribs showed a dose-response trend on a per
litter as well as on a per foetus basis. The number of foetuses with rudimentary lumbar ribs
was significantly higher from 500 mg/kg (% foetuses) and at 1000 mg/kg (% litter). Statistical
significance of higher percentages of foetuses and litters with supernumerary cervical ribs was
only reached at 1000 mg/kg and in the authors’ view this was outside the historical control
range (without further details given). In this study, mean food consumption (during GD 9-12)
and body weight gain (during GD 6-15) was significantly lower at 1000 mg/kg bw/d (see Table
3 in Watermann et al., 1999).

In both developmental toxicity studies skeletal variations were seen (rudimental lumbar or
cervical ribs, supernumerary cervical ribs and accessory/or 14t ribs), effects which should
normally disappear during postnatal development in rats. These effects are not likely to be of
lasting biological significance. In the absence of more profound signs of developmental effects
(e.g. malformations, embryolethality) these skeletal variations are considered to be minor
effects and potentially reversible. The skeletal effects and decreased body weight in offspring
in both studies were considered critical to set a LOAEL for developmental toxicity in the EU
RAR (ECB, 2003; LOAEL of 159 mg/kg bw/d for decreased body weight). A higher NOAEL of
500 mg/kg bw/d was determined based on visceral and skeletal variations and slight maternal
toxicity at 1000 mg/kg bw/d. These values were applied for risk characterisation, and the EU
RAR concluded in 2003 that these findings did not justify classification for developmental
effects.

There are a number of additional developmental studies with DINP examining hormone-
sensitive endpoints in foetuses and offspring (testicular effects, AGD decrease, nipple retention
or structural abnormalities in reproductive organs) that were not standard parameters in the
OECD TG 414.

AGD decrease

No statistically significant decrease in AGD was reported in three studies (Boberg et al., 2011;
Li et al., 2015; Masutomi et al., 2003). In addition, Gray et al. (2000) found no changes in
AGD in juvenile male rats (on PND 2). In contrast Clewell et al. (2013b) reported that AGD
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was significantly reduced at 11 400 ppm DINP in diet (~750 mg/kg bw/d, GD 12-PND 14) on
PND 14, but these differences were not observed on PND 2 or PND 49. A shorter treatment
period (GD 12-19) at a gavage dose of 750 mg/kg bw/d DINP did not result in effects on the
AGD in pups at GD 20 (Clewell et al., 2013a).

Boberg et al. (2011) reported the AGD as significantly decreased at 900 mg/kg bw/d both
without and with correction for body weight at birth. The significance of the decrease was,
however, not confirmed in the reanalysis of Chen et al. (2017). An effect on AGD was not seen
in male rats at PND 90.

Two other studies were reported as showing no effect of DINP on AGD in the CLH report,
although testicular effects were described in the offspring (Masutomi et al., 2003, Li et al.,
2015). However, RAC found that the relevance of the testis effects observed at PND 77 in the
high dose group of the Masutomi et al. study (1165 mg/kg bw/d during gestation and 2657
mg/kg bw during lactation; following an intermittent phase of markedly lower body weight
gain, lower body weights and lower weights of several organs) is questionable and may not
necessarily be contradictory to the absence of significant effects on AGD on PND 2. Body
weight and AGD at PND 2 was slightly (non-significantly) lower (AGD 3.0 at 306.7 and 1164.5
mg/kg bw/d vs. 3.3 in the male control pups) in the Masutomi et al. study. Li et al. did not
see an effect on AGD on PND 1 in their study although the testosterone levels showed a
tendency for a dose-dependent decrease from 10 mg/kg bw/d and higher, gaining statistical
significance at 1000 mg/kg bw/d DINP. It is noted that the DS found the confidence in their
negative outcome on the AGD low due to the low numbers of litters (5-6/dose group)
examined.

Nipple retention
Two studies showed increases in nipple retention (Boberg et al., 2011; Gray et al., 2000).

In the latter study, 2 out of 52 male offspring displayed permanent nipples and 4 out of 52
displayed diverse malformations after oral exposure to 750 mg/kg bw/d DINP on GD 14-PND
3. The results of the study remain unclear regarding the type of malformations and the
number of animals affected as no incidence tables were presented. From the information
available it is assumed that the two pups with permanent nipples were included in the total
number of pups (4 pups; 7.7%) with malformations. The type of malformation(s) in the two
other pups is unclear. Nipple retention was not seen in the male control pups of this study.
No information was given on the historical background incidence in the laboratory, as
permanent nipples may also occur in control animals.

Boberg et al. (2011) found a significant increase in the mean number of nipples/areolas in
male pups at 750 and 900 mg/kg DINP (3.14 and 3.17 nipples, respectively, vs. 1.98 in
controls, Table 3 in the publication) on PND 13 after exposure from GD 7 (i.e. earlier than in
the Gray et al. study). Boberg et al. reported that no significant difference between incidences
in DINP exposed groups and controls remained on PND 90.

Reduction of testosterone level

A dose-related decrease in testis testosterone (50% and 35% of control values; Clewell et al.,
2013a) has been observed in pups from dams receiving 250 or 750 mg/kg bw/d of DINP on
GD 12-19. The effect was only observed when testosterone levels were estimated at 2 hours
after the last treatment, while the measurement at 24 hours post treatment was not different
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from control values. Although a marked drop in testosterone was found, no effect on AGD was
seen in this study. The authors hypothesised that this could be due to either a nearly complete
inhibition of testosterone being required to affect AGD development, or that AGD is not solely
dependent upon testosterone signaling.

Testosterone content was also found to be dose-dependently reduced in pups from dams
exposed to 10-1000 mg/kg bw/d DINP on GD 12-21 (reduction to 43% of control values,
significant only at 1000 mg/kg bw/d; Li et al., 2015). Significant reductions in testosterone
production and content to one third of control values were observed at GD 21 in foetuses of
dams that received 750 mg/kg bw DINP on GD 7-21, while plasma testosterone levels were
non-significantly reduced by 25% (Borch et al., 2004). RAC notes that although studies with
only one dose group have limitations, as they provide no information on dose-response
relationships, the results are valuable in a weight of evidence analysis.

In Hannas et al. (2011) doses of 0, 500, 750, 1000 and 1500 mg/kg bw/d DINP was
administered to pregnant SD rats on GD 14-18. Testicular testosterone production ex vivo was
assessed by incubation of testes of 18-day old foetuses for 3 hours. This led to a dose-related
reduction in foetal testosterone production of approx. 70% of control values at 500 mg/kg,
down to approx. 31% of control values at 1500 mg/kg.

Another ex vivo test on testes from GD 18 foetuses led to a reduction in testosterone to 62%
of control values when the dams received 750 mg/kg bw DINP on GD 14-18 (Furr et al., 2014).
Although lower testicular testosterone concentrations were observed in pups at maternal
gavage doses of 250 and 750 mg/kg bw/d DINP from GD 12-19 (Clewell et al., 2013a), similar
high doses of DINP (11 400 ppm, 750 mg/kg bw/d) when administered in the diet on GD 12
to PND 14 had no effect on testosterone levels in testes of rats on PND 49 in another study of
Clewell et al. (2013b). This may be expected as the exposure of the dams stopped at PND 14.
Testosterone levels were also reported to be measured in pups on PND 2, but the results
varied among pups and no significant differences between DINP-treated rats and controls were
seen.

Testicular effects

One study showed reduced testis weights in offspring at prepuberty and slight degeneration
of stage XIV meiotic spermatocytes and vacuolar degeneration of Sertoli cells in 4/5 animals
necropsied at PND 77 (after maternal exposure of 1165 mg/kg bw/d in the diet on GD 15 to
PND 10; Masutomi et al., 2003). The DS cited from the ECHA review (2013) that doses
“causing systemic toxicity in the dams induce minimal or slight but permanent changes in
testes and ovaries of the offspring”. In this study maternal body weight gain was only 45% of
control values from GD 15-20 at maternal doses of 1165 mg/kg bw/d and 15% of control
values on PND 2-10 at 2657 mg/kg bw/d DINP. At least partly, this can be attributed to the
lower food consumption observed. It should be noted that body weight in male and female
pups were significantly lower at PND 27 (likely due to low body weight gain on PND 2-10) and
final necropsy, but body weights were only slightly (non-significantly) lower at the mid and
high dose (-16% in male pups, -11% in female pups) than those in control groups at PND 2,
indicating that lower body weight gain in dams during gestation had no significant effect on
pup development until birth. Lower weights of testes and other organs may be related to the
significantly lower body weight (57% of control values) later on as estimated at PND 27. The
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body weight gain was significantly lower from PND 21 to 42; the effect on body weight and
testes weight disappeared until PND 77.

In summary, the dose given to the high dose dams (causing lower body weight gain) was
rather high, and the strongest effect on body weight (gain) in pups was from PND 2-10 and
growth normalized from PND 42-77, when slight degenerative lesions in 4/5 male offspring
rats were found. Taking into account the uncertainties of the studies, the low number of
sacrificed animals per group (5 at PND 27 and 8 at PND 77) and that histopathology of the
testes was only conducted on 5 males/group at PND 77, the observation of slight testes
degeneration in high dose offspring cannot unequivocally be attributed to DINP-related
effects.

Gray et al. (2000) reported testes atrophy in 2 of 52 pups at 750 mg/kg (one male with
bilateral testes atrophy, one male with unilateral fluid-filled testes without spermatids and
epididymal agenesis with hypospermatogenesis).

Multinuclear gonocytes at GD 20 were seen more frequently in testis sections in foetuses 24
hours after last maternal dosing on GD 19 of 250 and 750 mg/kg bw/d (Clewell et al., 2013a)
in comparison with control foetuses. At 750 mg/kg, a higher number of foetuses showing large
Leydig cell aggregates was observed. The same findings reported as clustering of Leydig cells
(from 10 mg/kg bw/d) and the presence of multinuclear gonocytes (from 100 mg/kg bw/d)
accompanied by dysgenesis of seminiferous chords were observed in GD 21.5 foetuses from
dams being exposed on GD 12-21 (Li et al., 2015).

Other developmental effects

In the offspring of the one-generation study (Watermann et al., 2000), a dose-related
significantly lower mean body weight was observed in pups at PND 0 and PND 21 at all doses,
and at 1% and 1.5% DINP in the diet during lactation (also from PND 1 to 14). Pup survival
was significantly lower at birth and for the lactation period PND 0 to 21. However, maternal
weights were significantly lower during premating, gestation and lactation periods at 1.5%
(1087-1186 mg/kg bw/d) and during gestation and lactation at 1% (741-796 mg/kg bw/d).
Decreased body weight in the offspring of the two-generation study was observed on PND (7-
)21 at all doses from 0.2% (133-153 mg/kg bw/d) onwards in the first generation and from
0.4% (271-307 mg/kg bw/d) in the second generation (Waterman et al., 2000). Maternal
effects were limited to significantly lower body weights of dams during lactation (GD 14-21 in
F1, GD 4-21 in F2) at 0.8 % (543-577 mg/kg bw/d).

Human information

Based on the existing epidemiological studies, no clear conclusions on possible effects of DINP
exposure on male reproductive organs or other endpoints can be drawn (Main et al., 2006;
Bornehag et al., 2015; Jensen et al., 2015; Jensen et al., 2016; Axelsson et al., 2015).

Other relevant information

Mode of action studies and comparison with other phthalates

Effects of DINP on foetal testosterone production were seen in several studies in rats and
might be associated with adverse developmental effects (Boberg et al., 2011; Borch et al.,
2004; Hannas et al., 2011; Clewell et al., 2013, Li et al., 2015, Furr et al., 2014). Serum
testosterone levels were decreased in rats in a Hershberger study. As the animals are castrated
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in this assay and do not produce endogenous testosterone, the reduction in testosterone
possibly reflects a change in liver metabolism of the exogenously provided testosterone and
not a direct anti-androgenic effect of DINP (Lee et al., 2007). There are no indications that
DINP has estrogenic effects (ECHA, 2013; Sedha et al., 2015). ECHA (2013) evaluated new
scientific evidence on DINP and concluded that “the in vivo findings suggest that DINP has
anti-androgenic potency, but may also exhibit its effects through other modes of action”. The
authors further concluded that the permanent changes seen after exposure to high doses of
DINP are “likely to be linked to the reduced perinatal testicular T levels”.

Several low molecular weight phthalates cause malformations in multigeneration studies and
reduce male reproductive capacity. Phthalate esters with chain lengths longer than C6 are
generally considered less toxic.

In contrast to other phthalates, DINP does not induce hypospadias, general reproductive tract
malformations or permanent decreases of AGD nor permanent nipple retention.

Summary and conclusion on developmental toxicity

Since there is no evidence for effects of DINP on development in humans, classification in
Category 1A is not appropriate.

Classification of DINP in Category 1B is not appropriate because according to the CLP criteria,
the data shall provide clear evidence of an adverse effect on development in the absence of
other toxic effects, or if occurring together with other toxic effects the adverse effect on
reproduction should be considered not to be a secondary non-specific consequence of other
toxic effects. The evidence of effects on development is not considered clear.

Classification in Category 2 is not considered appropriate, because the evidence from animal
experiments for any adverse effect on sexual function, fertility or development is too
inconsistent or uncertain.

RAC considers that no classification of DINP is justified for the following reasons:

e In contrast to other phthalates classified as Repr. 1B; H360D, DINP does not induce
malformations, such as hypospadias and cryptorchidism in rats, nor permanent decreases
of AGD or permanent nipple retention.

e Developmental toxicity studies showed skeletal variations such as rudimentary lumbar or
cervical ribs. These changes are considered as minor effects and potentially reversible.
More profound signs of developmental toxicity (e.g. malformations, embryolethality) were
not observed at doses up to 1000 mg/kg bw/d.

e Shortened AGD on PND 14 was observed (Clewell et al. 2013b), but the effect was not
seen on PND 2 and had disappeared by PND 49. Other studies did not find significant
effects on AGD at comparable doses. No study on DINP reported permanent, irreversible
changes in AGD.

e Small increases in nipple retention were reported in two studies, with low incidences or
mean incidences above control values in studies with some limitations. No clear dose
response relationship was seen on the basis of affected animals/group and no difference
could be observed at PND 90. Comparable doses in other studies did not cause increased
nipple retention.
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e Significantly reduced testosterone content or production in pup testes were observed in
several studies at maternal doses from 250 mg/kg bw/d. However, in studies where AGD
was examined at the same time, the reduction in testosterone was not linked to AGD
effects.

e Histological changes such as multinuclear gonocytes and clustering of Leydig cells were
observed in foetal testes after maternal treatment with DINP during the second half of
gestation. The toxicological significance of these effects on organ development or
developmental toxicity in general cannot be excluded, but remains unclear for DINP.

DINP does not induce irreversible gross-structural malformations such as hypospadias and
cryptorchidism in rats, nor permanent decreases of AGD or permanent nipple retention.
Reversible histological changes in foetal testes and effects on testosterone production alone
are not considered to justify classification. Therefore, RAC concluded that DINP warrants no
classification for developmental toxicity.

Overall, RAC concluded that no classification for DINP for either effects on sexual
function and fertility, or for developmental toxicity is warranted.

412 Other effects
4.12.1 Non-human information

4.12.1.1 Neurotoxicity

No information available

4.12.1.2 Immunotoxicity

No information available

4.12.1.3 Specific investigations: other studies

No information available

4.12.1.4 Human information

No information available

) ENVIRONMENTAL HAZARD ASSESSMENT

Not evaluated in this dossier.
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6 OTHER INFORMATION
None
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ANNEX 1: EU RAR for DINP, section on toxicity to reproduction (page 225-238)
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Di-isononyl phthalate (DINP) — Substance Identity Information

There are two commercial types of DINP produced in the European Union, and these have
been registered under REACH by five EU producers (and with some registrations from
importers using DINP1 and DINP2). Both types of DINP are di-alkyl esters of phthalic
anhydride with isononyl alcohol. The two types are:

Commercial product DINP1 DINP2
CAS number 68515-48-0 28553-12-0
EC number 271-090-9 249-079-5
CAS name 1,2-benzenedicarboxlic Di-isononyl phthalate
acid, di-C8-10 branched
alkyl esters, C9-rich

DINP1

ECno: 271-090-9

CAS no: 68515-48-0

CAS name: 1,2-benzenedicarboxylic acid, di-C8-10-branched alkyl esters, C9-rich.

Description: A diester of C8-C10, C9-rich branched primary alcohols and phthalic
anhydride. The alcohol is produced by the polymerization of propene and butenes with
the resulting “Alkenes, C7-9-branched, C8-rich” (common name Octenes) being oxonated
to produce the “Alcohols, C8-C10-iso, C9-rich” (common name isononyl alcohol). Isodecyl
alcohol is added to the Isononyl alcohol to the level of 20wt%.

Purity as diester: Typical 99.9 wt%

EU producers and REACH registrants:

ExxonMobil Chemical Holland BV

ExxonMobil Petroleum and Chemical BVBA

DINP2

ECno: 249-079-5

CAS no: 28553-12-0

CAS name: Di-isononyl phthalate

Description: A diester of isononyl alcohol and phthalic anhydride. The alcohol is produced
by the dimerization of n-butene with the resulting isooctene being oxonated to produce
the branched C9 alcohol or isononyl alcohol.

Purity as diester: Typical 99.9 wt%

EU producers and REACH registrants: BASF, Deza, Evonik Industries, Polynt
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Manufacturing process

DINP1

DINP2

1)
2)

3)

Propene and butenes are polymerized to make “Alkenes, C7-9-branched, C8-rich”
(common name Octenes).

“Alkenes, C7-9-branched,C8-rich” (Octenes) are then subject to the oxonation
(hydroformylation and subsequent hydrogenation) process which uses carbon
monoxide and hydrogen to add a carbon atom and create “Alcohols, C8-C10-iso,
C9-rich” (common name isononyl alcohol)

Isodecyl alcohol is then added to the Isononyl alcohol to achieve 20 wt% isodecyl
alcohol for product quality consistency. This mixed alcohol is then used to make
DINP1 by esterification with phthalic anhydride.

n-Butenes are dimerized to make isooctene. This isooctene is then subject to the
oxonation process (hydroformylation and subsequent hydrogenation) which uses
carbon monoxide and hydrogen to add a carbon atom resulting in isononyl alcohol
(C9).

This isononyl alcohol is then used to make DINP2 by esterification with phthalic
anhydride.

Butenes or Propene/Butenes |:> Octenes
Octenes + CO + H; I:> Isononyl alcohol

Isononyl alcohol + Phthalic Anhydride |:> DINP1 / DINP2

The technical know-how and innovation is primarily in the production of the isononyl
alcohol from octenes. There are three isononyl alcohol producers in Europe (BASF, Evonik
and ExxonMobil) and they then supply other DINP producers with the isononyl alcohol to
make DINP1 or DINP2.

Product quality and consistency for DINP1 and DINP2

Product quality and consistency is of utmost importance to customers who
process DINP1 and DINP2 at high temperatures to make flexible vinyl articles e.g.
flooring, underbody car coatings, protective roofing.

Product quality and consistency, including isomer content is achieved through
maintaining the quality of raw materials and the constancy of the manufacturing
process. Small variations in isomer types are possible, but it should be noted that
viscosity is a sensitive indicator of such variations, and viscosity specifications have
not been subject to any significant changes over many years.
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Products are made to a specification including purity as dialkyl esters via GC
analyses, viscosity, density and refractive index. These manufacturing and
specification controls mean the alkyl branched isomers present in the side chains
of DINP are maintained to a high level of consistency. Viscosity is particularly
important as this parameter is sensitive to the type of isomers and degree of
branching of the isomers present. For example highly branched isomers yield a
high viscosity plasticizer and low density. If the content of such isomers were to
shift this would be seen via viscosity and density measurements. Viscosity is of
high importance for customers since it would become much more difficult to
process the plasticiser (truck discharging, pumping from storage and processing
on the line) requiring the addition of process aids with associated costs. In
addition, a higher degree of branching of the isomers present in DINP results in
impaired technical properties i.e. poorer low temperature performance, poorer
UV light stability but also in olefin and plasticizer manufacturing debits (higher
catalyst use during oxonation of olefins, and slower esterification rates).

The importance of viscosity and its relationship to the isomer content is illustrated
by DINP3 which was produced in the 1980s but was decommercialized. The
alcohol used for DINP3 consisted of methyl ethyl hexanols (65 — 75 wt %) and 20-
25 wt% dimethylheptanols which result in a very high viscosity plasticiser
(approximately double the viscosity of DINP1 and DINP2). The product was
decommercialized due to its technical properties since the high viscosity meant
that customers could not process it easily to make flexible vinyl articles while
leading to poorer performance of the articles.

The detailed isomer composition of DINP1 and DINP 2 is shown below.

Composition of DINP1 and DINP2 as dialkyl esters

ﬁ
C O0—R;
ﬁ 0O—R,
o)

DINP1 - R1 =C9 and C10 and low levels of C8

R2 = C9, C10, and low levels of C8

DINP2 —R1 and R2 =C9
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Detailed isomer composition of DINP1 and DINP2

DINP1 DINP2
Average carbon number of alkyl side 9.1-94 9.0
chains (NMR)
Major isomer type R1/R2 - wt %
Methyl heptanols (C8) <3 <0.1
Methyl ethyl hexanols/Propyl hexanols/ 5-10 5-10
Trimethyl hexanols (C9)
Dimethyl heptanols/Ethyl heptanols (C9) 45 - 55 20-50
Methyl octanols (C9) 5-20 40-50
n-Nonanol (C9) <1 1-20
Dimethyl octanols/Methyl nonanols (C10) 15-25 <0.1
DEHP Below detection Below detection

limit (<1ppm) limit (<1 ppm)

REACH registration

The above information has been provided as part of the EU Risk Assessment Report (ECB
2003) and the REACH registration dossiers in 2010 and as part of a major update in 2015.
DINP1 and DINP2 are two separate registrations by CAS, EINECS and detailed substance
identity information but with a common technical dossier. In the IUCLID dossier the CAS
number for the test material which was actually tested in each study is provided.

DINP from Aldrich/Sigma-Aldrich and Other Laboratory Chemical Suppliers

A type of DINP can also be obtained from Aldrich and other laboratory chemical suppliers.
Several of the research studies conducted on “DINP” refer to Aldrich or other laboratory
chemical suppliers. The composition of this “DINP” is uncertain since the Sigma-Aldrich
Safety Data Sheets available in different parts of the world refer to DEHP content of
between 0.1 and 1 wt% (i.e. 1000 — 10,000 ppm). This is certainly not representative for
the commercial substances DINP1 or DINP2, where DEHP cannot be present based on the
production process and where the DEHP content is below detection limit i.e. less than 1
ppm for commercial DINP1 and DINP2. Due caution must then be applied in interpreting
the results of studies conducted with these DINPs not produced by the high volume
commercial manufacturing processes. The CAS number or EC number alone cannot be
relied upon for the substance identification of “DINP” from Aldrich and laboratory
chemical suppliers — it is important to establish the full substance identity for any
substance as is required for REACH registration. Laboratory chemical suppliers have not
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yet REACH registered but presumably may have done the CLP notification and with
classification based on their impurities. This could account for certain CLP notifiers
assigning Category 2 Reproduction to their “DINP” i.e. due to an impurity, e.g. DEHP, from
laboratory manufactured samples.

A separate document has been developed showing which DINP (DINP1, DINP2, DINP

Aldrich/Sigma-Aldrich etc.) has been used in the various toxicological studies. It should
though be noted that CAS number alone is not sufficient to define substance identity.
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