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Part A.

1 PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLIN G

1.1 Substance

Table 1: Substance identity

Substance name: Styrene

EC number: 202-851-5
CAS number: 100-42-5
Annex VI Index number: 601-026-00-0

The purity varies from 99.7% to greater than
99.9% w/w.

The impurities vary with the plant and
production method.

Degree of purity:

Impurities: The impurities as % w/w comprise some Qr
all of the following:

(100-41-4)Ethylbenzene <0.1
(98-82-8)Isopropylbenzene (cumene) <0.1
(98-83-9)2-Phenylpropene <0.1
(7732-18-5)Water <0.025
(122-79-2)Phenyl acetate <0.02
(106-42-3)p-Xylene <0.06
(108-38-3)m-Xylene <0.001
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1.2 Harmonised classification and labelling proposal
Table 2: The current Annex VI entry and the pr@absarmonised classification
CLP Regulation Directive
67/548/EEC
(Dangerous
Substances
Directive; DSD)
Current entry in Annex VI, CLP Flam. Lig. 3 H226 GHS02| R10
Regulation Acute Tox. 4 * Xn; R20
Eye Irrit. 2 H332 GHS07| x;. R36/38
Skin Irrit. 2 H319 GHSO0S8
H315 Wng
Current proposal for consideration | STOT RE. 1 H360D Xn, R48/20
by RAC (agreed by Lead
Registrant).
Repr. 1B H372 T, R61
Resulting harmonised classification | Flam. Lig. 3 H226 GHS02| R10
(future entry in Annex VI, CLP Acute Tox. 4 * Xn; R20
Regulation) Eye Irrit. 2 H332 GHS07 Xi; R36/38
Skin Irrit. 2
H319 GHS08 Xn, R48/20
Repr. 1B
P H315Wng |1 Re1
STOTRE. 1 H360D

H372
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1.3 Proposed harmonised classification and labelling s®d on CLP Regulation and/or
DSD criteria
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Table 3: Proposed classification according toGh® Regulation
CLP Hazard class Proposed Proposed SCLs Current Reason for no
Annex | classification | and/or M-factors | classification® classification?
ref
2.1 Explosives
2.2, Flammable gases
2.3. Flammable aerosols
2.4, Oxidising gases
2.5. Gases under pressure
2.6. Flammable liquids Flam Lig. 3
2.7. Flammable solids
2.8. Self-reactive substances and
mixtures
2.9. Pyrophoric liquids
2.10. Pyrophoric solids
2.11. Self-heating substances ar|d
mixtures
2.12. Substances and mixtures
which in contact with water
emit flammable gases
2.13. Oxidising liquids
2.14. Oxidising solids
2.15. Organic peroxides
2.16. Substance and mixtures
corrosive to metals
3.1 Acute toxicity - oral
Acute toxicity - dermal
Acute toxicity - inhalation Acute Tox. 4*
3.2. Skin corrosion / irritation Skin Irrit.2
3.3. Serious eye damage / eye Eye Irrit.2
irritation
3.4. Respiratory sensitisation
3.4. Skin sensitisation
3.5. Germ cell mutagenicity
3.6. Carcinogenicity
3.7. Repr. 1B,
H360D, “May
damage the
Reproductive toxicity unborn child
when exposed
via
inhalation”
3.8. Specific target organ toxicity
—single exposure
3.9. Specific target organ toxicit STOT REL,
P g 9 yH372, “causeg
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— repeated exposure damage to the
nervous
system
through
prolonged or
repeated
exposure via
inhalation”

3.10. Aspiration hazard

4.1. Hazardous to the aquatic
environment

5.1. Hazardous to the ozone layer

Dincluding specific concentration limits (SCLs) andfattors
2 pata lacking, inconclusive, or conclusive but ndfisient for classification

Labelling: Signal word: Danger
Hazard statements: H226, H332, H315, H319, H360&Y,.2H
Precautionary statements: P260, P264, P270, PS04, P

Proposed notes assigned to an entry:
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Table 4:

Proposed classification according to DSD

Hazardous property

Proposed
classification

Proposed SCLs

Current
classification®

Reason for no
classification?

Explosiveness

Oxidising properties

Flammability

Flammable

Other physico-chemical
properties

[Add rows when
relevant]

Thermal stability

Acute toxicity

Harmful by
inhalation

Acute toxicity —
irreversible damage aft
single exposure

Repeated dose toxicity

R48/20 Harmful
danger of seriod
damage to healt|
by prolonged
exposure throug
inhalation

=l 77)

Irritation / Corrosion

Irritating to eyes
and skin

Sensitisation

Carcinogenicity

Mutagenicity — Genetic|
toxicity

Toxicity to reproduction
— fertility

Toxicity to reproduction
— development

R61 May cause
harm to the
unborn child

Toxicity to reproduction
— breastfed babies.
Effects on or via
lactation

Environment

D Including SCLs

2 Data lacking, inconclusive, or conclusive but ndfisient for classification

Labelling:

Indication of danger: T

R-phrases: R10, R20, R36/38,48/20, R61

S-phrases: S2, S23
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2 BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labellig

The substance is a transitional substance and isagsded in the TCC&L group at a number of
meetings. TCC&L agreed to add R37 to the curremtssification and to delete specific

concentration limits. It was agreed not to classtfyrene for carcinogenicity and mutagenicity. For
repeated dose effects it was agreed to classiff $iIOT RE 1. For reproductive toxicity no

agreement could be reached. The minutes from ti&&ICare attached in the IUCLID file.

The discussions were based on the EU RAR preparétkb
EU RAR Styrene (UK, 2008)

UK has also prepared a transitional document adailat the ECHA website:

Transitional Document Styrene (UK)

It also refers to the substance discussions andugions in the TCC&L group.

The registration dossier for styrene was carefegmined in connection with the registration of
the substance November®3010, in order to evaluate whether these contd@vant information
not taken into account in this CLH proposal (in@dance with Annex VI, part Il of the CLP
regulation). However, this is not the case, as botdHead registration dossier and the CLH report
are based almost solely on data from the EU RARr& s, however a discrepancy with respect to
the conclusions reached on reproductive toxicitye TLH report proposes a harmonized
classification for reproductive toxicity based pairfty on one specific two-generation study. The
registration dossier, however, concludes otherarsthe same study.

The Lead Registrant did also propose, accordiriggaeqgistration dossier, the following
classification: Asp.Tox; H304 and STOT SE3; H33;(R65 and Xi; R37).

2.2 Short summary of the scientific justification for the CLH proposal
STOT REL1 (R48/20)

Styrene produces a number of serious health eféétEs prolonged exposure by inhalation in
experimental animals and in humans. The exposustsiénducing neurotoxicity in humans are in
the same order of magnitude as the exposure lendising neurotoxicity in animals; however, for
ototoxicity and colour vision discrimination thepmsure levels inducing these effects in humans
seem to be a factor of 10 lower than in animalseflaon the available data, a classification as
STOT RE 1 is warranted for styrene.

Although there are some indications of neurotoXiieats in the rat following repeated oral dosing
of styrene, a classification is not justified forstexposure route. No repeated dermal toxicity
studies are available; however, systemic toxi@tiofving dermal contact with styrene is not
expected. Therefore, a classification as STOT REith, the hazard statement H372 “Causes
damage to the nervous system through prolongeelpaated exposure via inhalation” is relevant.

According to the registrations dossiers, the Remistconcluded the classification STOT RE1 based
on the same available data.
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Repr. Cat 1B, H360D (R61)

In the rat, developmental delays postnatally inicigalelayed neurological development and some
indications of behavioural effects after weaningeéhbeen reported in a number of studies at 300
ppm styrene in the absence of maternal toxicity.

In a recent well-conducted OECD- and GLP-compltam-generation study including
developmental neurotoxicity assessment in F2 afigpa pattern of developmental delays both
before and after weaning (decreased body weightaysl in attaining some pre-weaning
developmental landmarks, slight shift in the norpettern of motor activity and delayed preputial
separation), was evident mainly in thegaps of the high exposure group (500 ppm). Intauidi
decreased swimming abilities on PND 24 and redastio forelimb grip strength on PND 60 were
found in both sexes. These effects indicate aftergairomotor functions and are evaluated as
mainly a direct consequence of the styrene expoSigeificantly decreased pup body weight
during the lactation period was found at 150 pprthénabsence of maternal toxicity. The results of
this study shows that exposure to 500 ppm styranses developmental toxicity manifested as a
pattern of developmental delays, including delayedrological development, and developmental
neurotoxicity effects on post-weaning behavioupeesally related to neuromotor functions. In
contrast to the earlier investigations at 300 pira,exposure to 500 ppm induced some maternal
toxicity (6-7% reduction in body weight and degetien of the nasal olfactory epithelium).
However, it is considered highly unlikely that deymental toxicity is an unspecific effect of the
maternal toxicity.

Consequently, it is proposed to classify styrena developmental toxicant. As there is sufficient
evidence to conclude that no classification is ested for effects on fertility, the classification
should be noted with a “D”.

There is evidence that a classification for develeptal effects via the oral route is not warranted,
and although there are no dermal investigationsntaagether with the highly volatile nature of
styrene it is suggested to include a specific noantif the exposure via inhalation in the hazard
statement H360.

The registration dossier assesses the Registi@s#dion the same two-generation study, it leads to
a different conclusion, and it is assessed thabhiserved effects are a consequence of maternal
toxicity and that there is no indication of devetmgntal toxicity. Please consider the section 4.11.

2.3 Current harmonised classification and labelling

2.3.1 Current classification and labelling in Annex VI, Table 3.1 in the CLP Regulation
Classification : Flam. Liq. 3, H226; Acute Tox.H332; Eye Irrit. 2, H319; Skin Irrit. 2, H315
Labelling : GHS02, GHS07, Wng; H226, H332, H319,183

2.3.2 Current classification and labelling in Annex VI, Table 3.2 in the CLP Regulation

Classification: R10, Xn; R20, Xi; R36/38, S2, S2R37 was agreed at TC C&L and will not be
discussed here).

10
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24 Current self-classification and labelling

2.4.1 Current self-classification and labelling based othe CLP Regulation criteria

Denmark has investigated a number of product S&fatg Sheets for products currently distributed
in the EU containing styrene and none of them e labelling in line with a STOT RE 1
classification.

2.4.2 Current self-classification and labelling based o®SD criteria

Denmark has investigated a number of product S&fatg Sheets for products currently distributed
in the EU containing styrene and none of them use labelling in line with an R48/20
classification.

3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LE VEL

Repr. 1B: A classification as a presumed human reprodudtiwécant justifies that action is
needed and a harmonised classification should lredf@at community level according to article 36
d).

STOT RE 1: Although there was agreement in the former classifon and labelling group in the
EU it seems that self classification for this effées not used at a wide level in the EU. In
combination with the high annual tonnages usedénBU (Styrene was a prioritized substance in
the EU risk assessment process due to extensivenQoity-wide use) this justifies the need for a
harmonised classification and labelling for thisl goint.

According to the registrations dossiers, the Regigtconcluded the classification STOT RE1 based
on the same available data.

11
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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

(Taken from the EU RAR (2008)

Table 5: Substance identity

EC number: 202-851-5

EC name: Styrene/ Etenylbenzene
CAS number (EC inventory): 100-42-5

CAS number: 100-42-5

CAS name: Benzene, ethenyl-
IUPAC name: Styrene

CLP Annex VI Index number: 601-026-00-0
Molecular formula: CsHs

Molecular weight (range): 104.15 g/moal
Structural formula: _=CH,

12
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1.2 Composition of the substance

Table 6: Constituents (non-confidential informajio

Constituent Typical concentration Concentration range Remarks

Styrene 99.7% to greater than
99.9% w/w.

Current Annex VI entry:

Table 7: Impurities (non-confidential information)

Impurity Typical concentration Concentration range Remarks

(100-41-4) <0.1

Ethylbenzene

(98-82-8) <0.1

Isopropylbenzene

(cumene)

(98-83-9) <0.1

2-Phenylpropene

(7732-18-5) Water <0.025

(122-79-2) <0.02

Phenyl acetate

(106-42-3) <0.06

p-Xylene

(108-38-3) <0.001

m-Xylene

Current Annex VI entry:

13
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Table 8: Additives (non-confidential information)

Additive Function Typical concentration | Concentration range | Remarks

4-tert- <0.006 — 0.01% Is added as a
butylpyrocatechol wiw. polymerisation
(4-tert- inhibitor
butylbenzene-1,2-

diol)

Current Annex VI entry:

1.2.1 Composition of test material

1.3 Physico-chemical properties

Table 9: Summary of physico - chemical properties

Property Value Reference * Comment (e.g. measured or
estimated)

State of the substance at Liquid

20°C and 101,3 kPa

Melting/freezing point -30.6°C

Boiling point

(at 1 atmosphere) 145 -
146°C

Relative density

Vapour pressure 5 mmHg (667 Pa) at 20°C
Surface tension

Water solubility 300 mgll at 20°C
Partition coefficient n- 3.02 (log value)

octanol/water

Density 0.906 g/cms

Flash point (closed cup) 31°C

Flammability

Autoflammability 490°C

Explosive properties

Self-ignition temperature

Oxidising properties

Granulometry

Stability in organic solvents
and identity of relevant
degradation products

Dissociation constant

Viscosity

*All information taken from the EU RAR (2008)

14
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Conversion factors 1 mg/m3 = 0.23 ppm:1 ppm = 4nga&n3

2 MANUFACTURE AND USES

2.1 Manufacture
Taken from the EU RAR (2008):

“Styrene is produced commercially from crude oildbgequence of processes.

Steam cracking of naphtha, obtained from the nefjraif crude oil, produces ethylene, propylene
and a mixture of monocyclic hydrocarbons includoggmzene. Ethylene and benzene,
fractionated from this mixture, are then reactegktber in the presence of a catalyst to produce
ethylbenzene. Styrene is manufactured from ethykea by one of two routes (Reinders, 1984;
WHO, 1983). Firstly, it can be manufactured by dibgenation:

catalyst PhéHs — PhCH=Ch + H2

Iron oxide is used as a catalyst, together witle 21nd magnesium oxides. Steam is added as a
dilution agent and to improve the heat transfee fidaction is carried out at approximately

700°C and 0.8 bar. The purification of the reactiondquat is done by vacuum distillation. To

prevent the polymerisation of the styrene, the eosion is carried out to only 60%, and there is
always a reasonable dilution. The by-product gésmsed in this reaction are either used as a
fuel or flared.

Alternatively, styrene may be manufactured by otiataof ethylbenzene to the hydroperoxide
by bubbling air through the liquid reaction mixtufidne hydroperoxide is then reacted with
propylene to yield propylene oxide and a co-prodongthyl phenyl carbinol, again in the liquid

phase. The carbinol is dehydrated to styrene avercal catalyst at about 225.”

2.2 Identified uses

“Styrene is processed in closed systems as ammatkate in the chemical industry. It is the
monomer for polystyrene (general purpose, GP-Rf impact, HI-PS; and expanded, EPS) and
copolymer systems (acrylonitrile-butadiene-styrekigS; styrene-acrylonitrile, SAN; methyl
methacrylate-butadiene-styrene, MBS; and othem)rathe production of styrene-butadiene
rubber (SBR) and related latices (SB latex for eplan It is also used as a component of
unsaturated polyester (UPE) resins.

It is used in a wide range of products:

General packaging, furniture, electrical equipmerng. audio-visual

cassettes), industrial mouldings (e.g. dental, oagithermal insulation of refrigeration equipment
and buildings, Interior and exterior automobiletpadrains, ventilation pipes, air

conditioning, hobby equipment, casings etc., Tyragdiators and heater hoses, belts and seals, wire
insulation, Paper coatings, carpet backings, fld®adhesives, Building panels, marine products,
household consumer goods, trucks, Casting resat fos producing liners and seals, in putty and
adhesives.”
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3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

4 HUMAN HEALTH HAZARD ASSESSMENT
4.1  Toxicokinetics (absorption, metabolism, distribution and elimination)

4.1.1 Summary on toxicokinetics
Taken from the EU RAR (2008), 4.1.2.1.5

“A substantial amount of information is available the toxicokinetics of styrene in humans,
following exposure by the inhalation route; infotina on percutaneous absorption in humans is
also available.

In humans, inhaled styrene vapour (at concentratadnl0-200 ppm) is well absorbed across the
respiratory tract. Thus, a value of 100% for abBorpvia the inhalation route of exposure is taken
forward to the risk characterisation.

Dermal absorption of the liquid has been estimébelde approximately 2% of the applied dose in
anin vitro study using human skin samples. This value is té&emard to the risk characterisation.

Dermal uptake of the vapour appears to make ordgnall contribution (5% or less) to the total

body burden arising from combined inhalation andrag exposure to the vapour.

No information is available on oral absorption imians, but from the physicochemical properties
of styrene and experimental animal information, @amaild expect extensive absorption from the
gastrointestinal tract. Thus, a value of 100% feoal @bsorption is taken forward to the risk
characterisation. Following absorption, it can bedicted from experimental animal data that
styrene is widely distributed in humans, and neddd@sy investigations have shown that styrene
certainly locates in adipose tissue; there wasreelation between the amount of body fat and the
total body burden of styrene. Data on styrene bleeels in human volunteers following single
inhalation exposures and in rats exposed via itibalashow that at identical exposure
concentrations, styrene blood levels are very ammi.g. 2.5 and 3.hg/ml in rats and humans
respectively at 100 ppm styrene).

The rate of absorption following inhalation is muilgher (2-3 fold) in mice than in rats. The
absorption rate in humans is approximately the sama rats. The rate of styrene uptake in the
upper respiratory tract is partly dependent omigabolism, and was decreased when animals were
pre-treated with a P450 inhibitor.

In humans, styrene is eliminated from the bodytneddy rapidly, primarily in the urine. However,
there is some evidence for modest biopersistenchuman adipose tissue on repeated daily
exposure. Styrene clearance from blood is biph&katf-lives for inhaled styrene were reported at
0.6 hours for the first elimination phase and 18redor the second elimination phase. From studies
in mice, there is evidence that styrene is alsadhaeliminated from blood following either single
or repeated inhalation exposure. A study in pregmarce has shown that styrene and/or its
metabolites can cross the placenta into the foetus.

The metabolism of styrene has been studied thotgughmice, rats and humans. A number of
metabolic pathways have been identified. The ewidesuggests that these pathways are active in
mice, rats and humans, although there are speifiesedces in their relative importance.
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Styrene is metabolised extensively in all specikscording to a PBPK model developed by
Ramsey and Andersen, saturation of styrene mesaboln humans occurs at blood levels
exceeding 1.7ug/ml styrene or 200 ppm styrene in air. Below thesacentrations, the rate of
styrene metabolism is limited by the rate of blquetfusion in liver or other organs involved in
styrene elimination. The first step in the metadrliof styrene involves oxidation of the aromatic
ring or side-chain. The main route in each speisee oxidation of the side chain to give the
epoxide, styrene-7,8-oxide (SO). A number of staidiave demonstrated the involvement of P450
in this step and have provided information on thecsgic P450 isoforms involved in the production
of SO (CYP2E1, CYP2B6 and CYP2C8 in the liver andP@F2/1 and CYP2EL in the lung). Pre-
treatment of rodents with diethyldithiocarbamatespecific cytochrome P450 monooxygenase
inhibitor, effectively inhibited the metabolism efyrene, and reduced toxicity in the mouse lung
and nasal tissue was observed when the animals prerereated with 5-phenyl-1-pentyne, a
cytochrome P4502F2 inhibitor. In isolated Clardscahd microsomes, an inhibitor of 2F2 reduced
the production of SO by around 30-50%; a 2E1 inbibshowed less inhibition indicating a lower
importance of this isoform in the lung. The SO proed is enantiomeric and is produced in the R-
and S-forms, probably as a result of metabolisndiffgrent P450 isoforms. Different ratios of R-
SO to S-SO are found in different tissues and aiffespecies. Mouse Clara cells produce about 3
times more of the R-enantiomer than the S-enantiomwdile rat produces more of the S-
enantiomer, and humans, like rats, produce motieso$-form.

SO is either metabolised further by conjugationhvgtutathione to give mercapturic acids, or is
hydrolysed by epoxide hydrolase (EH) to phenylglycbhis is subsequently metabolised to
mandelic, phenylglyoxylic and hippuric acids. P44t EH are both microsomal enzymes in the
endoplasmic reticulum. Therefore, SO producéedsitu by P450 may potentially be rapidly
detoxified if there is sufficient EH present.

Other metabolic pathways can lead to phenylacdigittke (PA) and phenylacetic acid (PAA) (via
side-chainp-oxidation and hydroxylation), to phenylethanol aktophenone (via side-chain
oxidation and hydroxylation), oxidation of the amtic ring to give 4-vinylphenol (4-VP), and
products of ring opening. These metabolites areet¢ad in the urine. There are studies which have
demonstrated that P450 enzymes are also involvdubiin the side-chain and ring oxidation of
styrene and that 4-VP is further metabolised inglumicrosomes by specific P450 isoforms to
extremely reactive downstream products (e.g. anxidpoand a hydroquinone derivative).
Subsequently these derivatives are conjugated withathione, but at present there is no
information on the relative rates of 4-VP metaladitetoxification between different species.

There are some data from rodents (rats and mickhamans to indicate the relative extent of flux
through these various pathways. The approximaggivel contribution of each metabolic pathway
in each species, as determined from urinary metabplis shown in Table (a). The urinary
metabolites are an indication of the overall meligabo of styrene, which is considered to occur
largely in the liver.

It is clear that metabolism involving SO as annmiediate is a major route in rodents and humans.
However, there are some notable species differedoesumans, almost all of styrene (95%) is
metabolised to SO and further metabolised by Elgr@pmately 5% of styrene is metabolised via
the phenylacetaldehyde pathway. No more than tesweunts of SO-GSH conjugates or ring-
oxidized metabolites of styrene (4-VP) occur in lams exposed to styrene. Further metabolism of
SO by EH is important but less extensive in rodémas in humans (68-72% in rats and 49-59% in
mice). In rodents, conjugation of SO with GSH isimportant route accounting for up to a third of
the SO removal. The most significant differencewleein mice and rats is in relation to the
production of phenylacetaldehyde (12-22% in micaimg 3-5% in rats) and products of ring-
oxidation (4-VP; 4-8% in mice against <1% in rats).
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The data indicate significant differences in theahelism of styrene between species and between
tissues. It should be noted that, although thete algse fronin vitro studies and PBPK modelling,
they clearly mirror the toxicodynamic picture ofyreine obtainedn vivo. The tissue-specific
metabolism of styrene suggests timasitu metabolism within each tissue may be a more importa
determinant of toxicity than the overall systemicetabolism and blood levels of styrene
metabolites. The implication of this is that theeafics of the local metabolism in a target tissue
must be considered when extrapolating findingsnimals to assess the likely hazard and risks in
the equivalent human tissues.

A general observation is that the human tissuessinyated — apart from the liver - produce very
little SO, if any, and have a greater capacityydrblyse SO with EH than rodents. This difference
is most pronounced in human nasal and lung tissuesre production of SO is minimal or
undetectable, and is also associated with a greapercity to hydrolyse SO by EH. The mouse lung
and nasal tissues produce the greatest amount ah®@g the species tested, and, in general, have
less EH activity, suggesting that significantly tipcal concentrations of SO will be present in
these tissues. It is also evident that other tom&tabolites, particularly 4-VP and its reactive
downstream products, are produced to a far higkienein mouse lung than in rat (14-79% of the
mouse concentrations) or human lung (1.5-5% ofbese concentrations). Although it cannot be
ascertained whether or not these species diffeseimcéhe formation of 4-VP metabolites in the
lung may be a reflection of the different number€lara cells (the metabolically active lung cells)
present in the different species, since 4-VP mdiaiscare produced by the same cytochrome P450
enzymes involved in the production of SO, it is tnlisely that the species differences in the
formation of 4-VP metabolites observed reflect sgedifferences in metabolic capability.”

Table (a). Approximate relative contribution of metabolic patlys for styrene indicated by urinary
metabolites (Cruzaet al, 2002; Johansoet al,, 2000)

Metabolic route Urinary metabolites (%)

Rat Mouse Human
Products of action of EH | 68-72 49-59 95
on SO
Conjugation of SO with | 23-26 20-35 Very low
GSH
Phenylacetaldehyde 3-5 12-22 5
Ring opening ND ND <1
Products of 4- | <1 4-8 <1
vinylphenol conjugation

ND. Not determined.
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4.2  Acute toxicity
4.3  Specific target organ toxicity — single exposure 80T SE)
4.4  lrritation
4.5  Corrosivity
4.6  Sensitisation
4.7 Repeated dose toxicity
4.7.1 Non-human information

4.7.1.1 Repeated dose toxicity: oral
Taken from the EU RAR (2008)(4.1.2.6.1., p.143)

“‘Summary of Repeated Oral Exposure Studies in Animal

Most of the available repeated oral exposure ssukdgye been performed in rats. Few of these are
of the quality, breadth and thoroughness requiredtandard regulatory test guidelines. Hence,
most of the data do not facilitate the derivatidm overall NOAEL of the type normally sought in
relation to a 90 day (or longer) exposure periodwelver, there is reliable information from a
carcinogenicity bioassay in the rat, in which theses no evidence of treatment related toxicity in
animals administered 1000 mg/kg/day for two yearsjarked increase in mortality was evident at
2000 mg/kg/day. In another 2 year study, styremendit produce any clear evidence of toxicity
when administered in drinking water at a dose ofn2d/kg/day, the highest dose level used.
However it is noted that potential effects on trer &ere not investigated in these studies.
Ototoxicity, a clearly established effect of stywem the rat, was seen in one study at 800
mg/kg/day (and perhaps, althoubt#ss convincingly, at 400 mg/kg/day), for 2 weekstange of
different CNS related observations have also beatemvith repeated oral dosing in this range, but
unfortunately each one stands in isolation anddaclsurrounding, well established and validated
framework within which the results can be interpdgtand in some cases contradictory results have
been reported in different studies. Overall, theneo convincing evidence of clear, styrene induced
neurological lesions induced by repeated oral dpsnrats. Two studies by the same authors
(Srivastava et al) have reported testicular damiagats at 200 and 400 mg/kg/day styrene. It is
noted that in earlier repeated oral studies anddt conducted 2 year inhalation studies in rats at
equivalent and higher doses than those used bgs$aiva et al, no testicular changes or indications
of any testicular effects were observed. Also, fiects on the testis and fertility parameters have
been observed in a recent well-conducted OECD-Glnd-compliant rat inhalation 2-generation
study with exposures up to 500 ppm300 mg/kg/day) styrene. Therefore, despite thedwidual
publications by the same authors reporting testicdamage, the weight of evidence indicates that
styrene is not a testicular toxicant.

In mice, the most reliable information comes froraacer bioassay, in which increased mortality
and hepatic necrosis were observed at the higleesst df 300 mg/kg/day, and a NOAEL of 150
mg/kg/day was identified. The one significant olkaéion from the remaining studies is that of
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toxicity towards the lung epithelium, adding funtiseipport to the concept that the lung toxicity of
styrene in mice, following oral and inhalation egpee, results from local metabolism of styrene to
styrene oxide and other reactive metabolites (Bg.downstream metabolites of 4-vinylphenol).
The one report of styrene induced decrease in s&gtasterone levels in young mice dosed with
12 mg/kg/day for 4 weeks is likely to be a charinding.

A repeated oral study in dogs detected Heinz bodiesirculating erythrocytes (suggesting
oxidative damage) at doses of 400 and 600 mg/kg/daih minimal effects in females at 200
mg/kg.

Overall, in relation to repeated oral exposure, N@@AEL of 150 mg/kg/day identified from a 2
year cancer bioassay in the mouse should alsormdayed. But in extrapolation to humans careful
consideration has to be taken of the specifics @fise metabolism and the high sensitivity of this
species for liver toxicity as compared to e.q.rte’

4.7.1.2 Repeated dose toxicity: inhalation

Studies investigating specific organ toxicity: audory systems
(Text is identical to the Danish proposal discussethe TCC&L group)

“A 13-week rat inhalation study has investigateel dbotoxic potential of styrene (Albe¢al,

1992). Groups of 14 male Fischer 344 rats wer@saghto 0, 50, 200 or 800 ppm (0, 217, 866 or
3464 mgm) styrene for 6 hours/day, 5 days/week. Evokedmiatetests (12 rats per group) were
included after 13 weeks. Cochleas were removed #aats in the control and the 200 ppm groups
and 3 rats from the 800 ppm group, and sections g@ecially processed for pathology.
Histopathological investigations revealed lesianthie organ of Corti of animals exposed to 800
ppm styrene (two tissue samples were examinedpeTllesions were characterised as the loss of
two outer hair cells per cross section from theanggasal turn, and the occasional absence of an
outer hair cell from the lower middle turn. Therereyno alterations involving the inner hair cells,
the Deiters’ cells or the pilar cells. The orgarCairti was not affected in animals exposed to O or
200 ppm styrene (no tissues were examined at 50.gmre were no treatment-related alterations
in the somatosensory evoked potential from themgrortex or the cerebellum. However in the
800 ppm group, auditory brainstem response (ABRstiolds were elevated by approximately 40
dB at 16, 25 and 30 kHz. Hair cell loss at 800 pgmrurred in the cochlea in areas that relate to
mid—high frequency (15-30 kHz) hearing. In thisdstuthe NOAEC for ototoxicity was 200 ppm
(866 mgni) with evidence of damage and impairment in thetangsystem at 800 ppm (3464

mgnt).

A further investigation of ototoxicity involved gups of 12 male Fischer 344 rats exposed to O or
800 ppm (0 or 3464 mginstyrene for 14 hours/day, 5 days/week for 3 we¥leoet al, 1992).

In styrene-exposed animals, brainstem auditory edqdotentials were “slightly” affected at 4 kHz
and moderately to severely altered at 8, 16, 30 Rakowing testing and sacrifice, cochlea’s were
removed from 4 controls and 4 of the styrene-exgp@semals with the largest changes in auditory
evoked potentials. In the styrene-treated ratgrdudir cell loss was observed in the organ ofiCort
which corresponded with the hearing effects at irdduencies. Where damage to the cochlea was
severe, occasionally inner hair cells (IHC) werssimg.

In another study, brainstem auditory evoked resptim&sholds were elevated at all frequencies
tested (4, 8 and 16 kHz) in male Fischer 344 rgp®sed to styrene at 800 ppm (3464 ripon
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above for 14 hours/day daily for 3 weeks (Prgbal, 1987). The response was greater at 8 and 16
kHz (humans can hear in this range).

These data document mid-frequency auditory dysfomndbllowing exposure to styrene. Neither
study explored the effects of styrene exposur@atentrations lower than 800 ppm (3464 mgm
which can be taken as a LOAEC for ototoxicity.

The ototoxicity potential of styrene in rats follmg inhalation exposure either alone or in
combination with noise has been studied in detaMikitie (1997).

In a series of experiments, groups (10-12/grouphate Wistar rats were exposed whole-body to
styrene alone, noise alone, or styrene and noisdio@d. Exposure conditions for styrene were
100, 300 or 600 ppm (433, 1299 or 2598 migfor 12 hours/day, 5 days/week for 4 weeks. Noise
exposure conditions were broadband non impulsesnoithe frequency range 31.5-10 kHz with a
sound pressure of 100-105 dB for 12 hours/day,yS/deeek for 4 weeks. Combined exposures
were to the same noise conditions together with eathe three styrene exposure conditions.
Controls were exposed to filtered air and normasatevels. Because of the design of the study in
some cases (controls, noise alone and 600 ppmstatene) more than one group was included
overall.

Ototoxicity was assessed electrophysiologicallyabgitory brainstem response (ABR) and
morphologically using light and electron microsc¢pivl and EM). ABR was assessed using
cutaneously applied electrodes with testing bearged out prior to exposure, immediately after
exposure and then at specified intervals after sxq@o(generally about 3-6 weeks later). Auditory
stimulus for ABR consisted of clicks with altermggipolarity and tone bursts of 4 ms duration at 16
deliveries/second. The response to stimulus wassasd at frequencies of 1, 2, 4 and 8 kHz with
testing being carried out on the right ear. ABRegiiolds were defined as the lowest level giving
reproducible responses in the system. Hearingftwssach rat was assessed by comparison of pre-
and post-exposure thresholds as well as compaaigaimst controls. ABR latencies (as a measure
of cochlear nerve conduction) were also measursdrme rats and was defined as the time between
stimulus onset to the peak occurrence of the dinsk fifth waves of the ABR. After the
electrophysiological studies had been completedinaber of morphological studies were carried
out with both LM and EM. Both set of analyses wessentially designed to investigate the
morphology of the organ of Corti, in particularexfts of treatment on the inner and outer half cells
(IHC and OHC).

No effect was seen on ABR latencies with any treatmStyrene alone at 100 and 300 ppm had no
effect on ABR thresholds compared to either pressype or controls, did not increase loss of IHC
or OHC, and did not induce any increases in subleglpathology examined by EM. Exposure to
styrene at 600 ppm produced mild increases in taotiporary and permanent threshold shifts (TTS
and PTS) of about 1-3 dB compared to pre-exposutecantrol values. This electrophysiological
difference was accompanied by severe OHC losseithtind row of cells with less loss seen in the
second and first rows respectively; no loss in &3 seen. EM studies showed subcellular
changes in OHC including increased vacuolatioméndytoplasm, formation of vesicles and
alteration of mitochondria (disruption of cristaaldormation of membrane-bound spherical
bodies). Noise alone caused a mean thresholdrahding from 1.8 dB (at 8 kHz) to 9.3 dB (at 2
kHz) with effects most marked at the lower freques¢1-4 kHz). Morphological analysis by LM

did not reveal any increased loss of OHC or IHC pared to controls, although EM studies
revealed some stereocilia irregularity and appdoess of stiffness in hair cells. The combinatidén o
noise with 100 or 300 ppm styrene caused a flaease in PTS of around 5-10 dB across the
whole frequency range studied but this increaseabasit the same as for noise alone. No increase
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in IHC or PHC loss was seen under these combineditions of exposure. The combination of
noise with 600 ppm styrene, however, produced ahngueater increase in PTS, which was greater
than the simple summation of the response to ramde600 ppm styrene alone, indicating a
potentiation of effect. This electrophysiologichbnge was accompanied by a loss of OHC, which
was more severe than that seen with 600 ppm alwhéhare was also some loss if IHC. EM
studies revealed structural changes such as ircte@siculation and vacuolisation of OHC
cytoplasm and many cells looked to be in stagekegéneration.

Overall, this study demonstrated that ototoxicigs-assessed by electrophysiological and
morphological techniques — was induced in rats s&gdo 600 ppm (2596 mdjrstyrene but not at
300 ppm (1299 mgfh or less, indicating a threshold in this speci@sawhere between 300 and
600 ppm. The combination of noise and styrene axgosas found to potentiate the effect of
styrene alone at a level where both agents weraftabe ototoxic.

In a further study, groups of eight male Long-Eveats were exposed whole-body to 0, 500, 650,
850, 1000 or 1500 ppm (0, 2165, 2815, 3681, 433166 mgm) styrene for 6 hours/day, five
days/week for four week (Loquet al, 1999). Prior to exposure rats were implanted Wrtin
electrodes in order to record auditory stimuluskexbpotentials. Audiometric testing (noise
intensity thresholds for evoked potential acrosamge of frequencies from 2-32 kHz) was
performed one month after implant at two days pioostyrene exposure and then at six weeks after
the exposure period. Permanent threshold shiftS)®ere calculated as the difference in sound
intensity required to induce an evoked responsedeat the pre- and post-exposure measured
thresholds. Following audiometric testing, histtymddgical and scanning electron microscopic
(SEM) examination was used to assess damage tortkieand outer hair cells (IHC and OHC) of
the organ of Corti. Counts of surviving hair cellsre used to quantitatively assess the damage.

PTS was elevated at exposure levels of 850 ppnabode. At 850 ppm there was a large PTS over
the frequency range 16-20 kHz but no hearing logsager or higher exposure concentrations. At
higher exposure levels hearing loss was measuredsathe frequency range with the effect
increasing with airborne exposure concentratioighSkeffects were seen at 650 ppm but no change
in PTS compared to controls was seen at 500 ppistopathology and SEM revealed no effects on
IHC in treated or control animals and a backgrolmsd of OHC in controls. In contrast, animals
treated with 650 ppm and above showed loss of QHdll ithree rows with most loss seen at
positions, which are believed to correspond todtla@d 20 kHz detection frequencies. The effects
were most marked across the exposure range ititlderow of OHC with progressively less
damage in the second and first rows.

Overall, this study demonstrates that styreneatogtic in rats following inhalation exposure at
concentrations of 650 ppm (2815 mjrand above, with a clear NOAEC being identifiec@d
ppm (2165 mgr). The effects measured by audiometry were accorapdy damage to the OHC
in the affected groups.

In a subsequent report, the same group using esbetite same techniques investigated the
interaction between styrene and noise exposurasn(Latayeet al,2000). Groups of 16 male
Long-Evans rats received implants to measure aydstonulus evoked responses and were
exposed to: noise alone (97 dB - octave noise egrlr 8 kHz which was chosen where auditory
sensitivity was expected to be highest) for 6 holang 5 days/week for 4 weeks; styrene alone,
whole-body at 750 ppm (3248 mdnfor 6 hours/day, 5 days/week for 4 weeks; styrg@ns noise
at these levels; air and normal noise levels. Aumginy was performed prior to exposure, on the
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day following the end of exposure and after a seekvrecovery period. Histopathology and SEM
studies were performed as before, immediately #feeaudiometric studies.

Noise alone was found to increase evoked potethtiesholds (i.e. affect hearing) at both time
points after exposure over the frequency range BF) with peak effect seen at 12 kHz: some
recovery was seen after the six week recovery gealitmough shifts in evoked potential thresholds
were still observed. Styrene alone was found tecatfiearing over the range 16-20 kHz but the
effects were not as great as noise alone, althsugbequent recovery was not observed. When
styrene was combined with noise, the induced hgdoss was observed over the frequency range
8-20 kHz (i.e. the same range as noise alone) batfeund to be greater than the arithmetical sum
for the two agents alone over the frequency rangj2 BHz, indicating an interaction between the
two agents. Histopathological and SEM analysis stbaloss of OHC (about 17% loss) in the first
row at a position associated with 17 kHz heariregdiency; OHC rows 2 and 3 showed slight
losses in cells. Styrene induced large losses € @How 3 at 20 kHz (86% loss) and 4 kHz (70%
loss). OHC2 and OHC1 were less damaged than OHG#hdtre to styrene and noise together
induced a loss of hair cells in a pattern simitattiat for styrene alone but of a more severe aatur
with loss of 94% of cells in OHC3 at the 20 kHz ifios and 86% of cells in OHC3 at the 4 kHz
position.

Overall, this study demonstrated that when ratew&posed to the two agents, noise and styrene,
each at ototoxic levels, the effects on auditonction and histopathological damage were more
marked than might be expected if the effects oftwwewere simply added, suggesting a synergistic
interaction.

In a 4-week study, rats were exposed (12 hourshldgys/week) to styrene at concentrations of
100, 300, or 600 ppm (433, 1299 or 2598 mgamd analysed for both auditory sensitivity and
structural inner ear damage after the exposure ifMék al. 2002). Exposure to 600 ppm styrene
caused a 3 dB hearing loss at the highest testdrexy (8 kHz). Quantitative morphological
analysis showed that 600 ppm styrene caused aesewtar hair cell loss particularly in the third
OHC row.

The authors concluded that there appears to beshihid for styrene ototoxicity between 300 and
600 ppm (1299 and 2598 mgm

The ototoxic potential of styrene in rats and gaipegs following inhalation exposure has been
studied by Latayet al. (2003). Groups of 5-6 male Long-Evans rats wepos&d, whole-body, to

0 or 1000 ppm (0 or 4330 mgi)rstyrene vapour, 6 hours/day for 5 days. CocHleaation was
tested before, 20 minutes after the end of theyS daexposure, and 2 and 4 weeks post-exposure
using cubic distortion product otoacoustic emissiidPOAE) recorded from the external ear canal
in anaesthetized animals.

In styrene-exposed rats, DPOAE amplitudes weresstatlly significantly decreased at 2 and 4
weeks post-exposure, although the magnitude oéffieet was not greater at 4 weeks than at 2
weeks. Histologically, hair cell loss was observed.

Overall, this study shows hearing loss in rats eepdo styrene at 1000 ppm (4330 m)/far 5
days.

As part of a study investigating the combined d@ffext styrene and ethanol, groups of 10-11 male
Long-Evans rats were exposed, whole-body, to G6rppm (0 or 3248 mgfihstyrene vapour 6
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hours/day, 5 days/week for 4 weeks (Locgted, 2000). Audiometric thresholds for each animal
were determined from 2 to 32 kHz using brainstenitaty evoked potentials before the start of the
study and 6 weeks post-exposure. Histology examimaincluded counting hair cells in the organ
of Corti from 5 animals and focussed only on auglitssues.

The audiometry examination showed evidence of hgdass at high and low frequencies
(increased, permanent shifts in auditory threshb@, 16 and 20 kHz). The cytocochleogram
showed outer hair cell loss of approximately 86%egions corresponding to 8 and 22 kHz.

Overall, this study demonstrates hearing loss apemied by histological damage in rats exposed
repeatedly to 750 ppm (3248 md)mstyrene for 4 weeks. Ethanol did not have angatfbn

auditory sensitivity, wheras styrene alone causthpnent threshold shift and outer hair cell
damage. Hearing and outer hair cell loss were tafjer the exposure to both ethanol and styrene
than those induced by styrene alone.

In a time course experiment, male Long-Evans rat®wexposed to 0 (16 animals) or to 1000 ppm
(4330 mg/m) styrene for 6 hours/day, 5 days/week, for eith€t6 animals), 2 (12 animals), 3 (12
animals) or 4 (12 animals) consecutive weeks (Caet@ab, 2001). Following exposure, groups of
4-8 animals were sacrificed for the histologicahlgis of the cochlea. Audiometric thresholds

were determined in 8 animals per group prior toosxipe, the day after exposure and after a 6-week
recovery period.

Hearing loss was similar despite the differencesuiration of exposure, but worsened after the end
of the exposure. For example, the 16 kHz threshlif was 20 dB at the end of the exposure
period (for the 1-week exposure test) but increagetb 35 dB by 6 weeks post-exposure. The
histological damage in the cochlea (large losselarthird row of the outer hair cells OCH3, less
severe damage in the OCH2 and no lesions in OCH1H®@) was also similar for the different
durations of exposure. Analysis by electron micopgcshowed damage and disorganisation of the
plasmalemma membrane.

Overall, this study shows that ototoxicity (heariags accompanied by histological damage) in rats
exposed repeatedly to 1000 ppm (4330 mystyrene did not worsen with duration of exposure
(from 1 to 4 weeks). Hearing loss seemed to pregaéier the end of the exposure period reaching
its maximum at around 6 weeks post-exposure. BHikely to be the consequence of the damaged
hair cells, which are still dying off after the eafithe exposure. This study also shows that sgyren
and/or its metabolites cause a serious disturbahitee membranous organisation.

Studies on other organic solvents such as tolugstenéon and Nylen, 1995; Pryairal, 1984)

show that ototoxicity appears after relatively slexposures and that continued treatment does not
enhance the intensity of the ototoxic responseearaecrease in auditory sensitivity was seen in
rats exposed to 1000 ppm toluene (22 hours/dagy3/deek) for one month, but no hearing effects
were found after 19 months of exposure with a gnataily duration (6 hours/day, 5 days/week)
(Nylenet al, 1987).

Styrene-induced hearing loss did not appear tahaterbalanced by central compensation
(GABAergic adjustment in the inferior colliculs) long-Evans rats exposed to 700 ppm (3031
mg/nT) styrene 6 hours/day, 5 days/week for 4 weekshbating loss caused by noise (97 dB SPL
octave band noise centred at 8 kHz) did appeae tehtrally compensated (Pouyatbsl, 2004).
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Styrene-induced hearing loss was greater in 3-moldth.ong-Evans rats compared to 4-month old
rats exposed to 700 ppm (3031 mi/styrene 6 hours/day, 5 days/week for 4 weeksyastnot
body weight-sensitive. These data suggest thatgerusdult rats may be more susceptible to
styrene ototoxicity compared to older adult aninfatgtayeet al, 2004).

Latayeet al.(2005) compared styrene-induced ototoxicity invactats and sedentary/ordinary rats
and investigated the combined effects of noisestyrgéne on hearing. Groups of eight male Long-
Evans rats were exposed whole-body under sedentdiyary conditions to 0, 500, 650, 850 or
1000 ppm (0, 2165, 2815, 3681 or 4330 miy/styrene for 6 hours/day, five days/week for four
week. Additional groups of 4 male Long-Evans rads;ed to run (for 2 minutes every 3 minutes)
in a special wheel during the exposure, were expodmle body to 0, 300, 400, 500 or 600 ppm
(0, 1299, 1732, 2165 or 2598 mdjrstyrene for the same exposure duration. Furthexngwoups

of 6 active male Long-Evans rats were exposed #90,ppm (0 or 1732 mgfnstyrene alone,
noise alone (an octave band noise cantered at Bd&tyrene (400 ppm) and noise combined.
Audiometric testing was performed prior to styremposure and at six weeks after the exposure
period. Following audiometric testing histopathotadly and scanning electron microscopic (SEM)
examination was used to assess damage to theandeauter hair cells (IHC and OHC) of the
organ of Corti.

In the sedentary animals, hearing loss and OHCdestlage were observed at 650 ppm and above,
but not at 500 ppm. In the active rats, functicarad histological damage was observed at 400 ppm
and above, but not at 300 ppm. These results shatthe ototoxic potency of styrene exposure
depends on the physical activity of the animalthasis related to the ventilation rate and, imtur

to the uptake of the chemical via the lungs.

Overall, based on these findings, NOAECs of 50030 ppm (2165 and 1299 mg)ncan be
identified in sedentary/ordinary rats and actiws,reespectively. In the experiment investigatimg t
combined effects of noise and styrene, noise aborsgyrene alone were found without effect;
however, both hearing loss and OHC cell damage wleserved in the animals exposed to noise
and styrene combined. These results also suggagtiinene-induced ototoxicity can be potentiated
by exposure to noise.

Campoet al (1999) investigated whether styrene-induced aiotty is caused by “tissue
intoxication” or by “fluid contamination”. Long-Eve rats were exposed to styrene in air at a
concentration of 1750 ppm (7578 mdjrfor 6 hours on the first day and a further 4 Isctie
following day. Immediately after exposure, bloodaih, auditory nerves, the organ of Corti,
cerebrospinal fluid and inner ear fluid were sard@ad the styrene concentration in each tissue
determined by gas chromatography.

Styrene was found in the organ of Corti, the neeua$the brain but not in the cerebrospinal and
inner ear fluids. Based on these data the authhopoped that styrene-induced ototoxicity is caused
by “tissue intoxication”. Styrene, transported bgydal coming from the stria vascularis or the spiral
prominence, diffuses through the outer sulcus @acheéhe lipid-rich Hensen'’s cells. These cells are
in close connection with the Deiters cells thatdirectly located under the outer hair cells (OHC).
Thus the target cells are reached by diffusiontygese. This explains why the hair cells are lost
sequentially from OHC3 to OHC1 as diffusion condau
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Conclusion on ototoxicity

Clear evidence of ototoxicity (both functional amdtological) has been seen in sedentary/ordinary
rats repeatedly exposed to styrene by inhalatimomtentrations of 600 ppm (2598 md)rand

above. In three different studies, no such effaese seen at 200 ppm (866 mg)rior 13 weeks,

or at 300 ppm (1299 mgfnor 500 ppm (2165 mg/fpfor four weeks. One study in active rats
exposed to styrene for 4 weeks showed that styirehesed ototoxicity tend to occur at lower
exposure concentrations (400 ppm - 1732 nigthan those at which ototoxicity is observed in
sedentary/ordinary rats. This is considered toumetd the increased styrene uptake, which is the
consequence of the increased ventilation rateiartdyn, of the increased physical activity.

The histological damage consists of the destruaifdhe outer hair cells (OHC; especially of row
3) of the cochlea. These changes are accompaniad blevation of the hearing thresholds in the
mid-frequency range (10-20 kHz). The destructiothefhair cells is irreversible and occurs at
slightly lower exposure concentrations than thaselypcing the audiometric hearing threshold
shifts. Mechanistic investigations indicate thgtate reaches the sensory hair cells of the cochlea
via the blood stream and that styrene itself anitdanetabolites cause a serious disturbance of the
membranous organisation of these target cells. Mewéhe underlying toxicological mechanism
has not been clearly elucidated. In conclusionptb&oxic effects of styrene should be regarded as
of potential relevance to human health.

Study investigating the relative ototoxicity of styene

Studies in rats and mice have shown that some diostdvents have striking ototoxicity,
charecterised by an irreversible hearing loss assared by behavioural or electrophysiological
methods, and associated with damage to outer élisrin the exposed animals (Pryiral.,1983).

Gagnaireet al. (2005) examined the relative ototoxicity of 21ragdic solvents compounds by
comparing their average cochleograms (total celhtoobtained from rats. The rats were dosed
with 8.47 mmol/kg b.w. for 5 days/week over a 2-lwperiod. The average cochleogram was
obtained from six cochleas randomly chosen fronrats. Eight of the 21 solvents were found to be
ototoxic in the rat. They differed widely in theitotoxic potential. Styrene showed a greater
ototoxic potential than toluene, p-xylene and npgtbenzene. The least ototoxic solvents caused
outer hair cell loss in the middle turn of the argd Corti. The outer hair cell loss was slighttie

first row, and greater in the second and third rolWge most ototoxic solvents, including styrene,
caused high losses in the three rows of the oatiercklls along the entire length of the basilar
membrane. There were also occasional inner hdilossles in the most affected animals. It seemed
that some structural constraint was essentialdode ototoxicity.

Studies investigating specific organ toxicity: ocar system

Groups of 10 female Sprague-Dawley rats were exphageaole-body, to 0 or 300 ppm (0 or 1299
mg/nt) styrene 6 hours/day, 5 days/week for 12 weekst¢uiet al 2000). Retina were removed
post-mortem; the right retina was studied for tynexhydroxylase-immunoreactive (TH-IR)
amacrine cell count, and the left retina was aralyfer dopamine (DA), catecholamine (CA),
tyrosine hydroxylase (TH), homovanillic acid (HVA),4-dihydroxy-phenylacetic acid (DOPAC),
and glutathione levels. Amacrine cells are modifiedrons that produce dopamine, which is
assumed to modulate the retinal cone-horizontétreglsmission that is involved in colour vision.
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The number of large amacrine cells was reducedduynal 30% in styrene-exposed rats when
compared to controls. The density of small amaagils was unaffected. Dopamine and DOPAC
concentrations were lower than controls (22% artd t&spectively), as were glutathione levels
(28%).

Overall, this study showed effects on the humbeheflarge amacrine cells and on the content of
neuramines and glutathione of the retina of rapoeed repeatedly to 300 ppm (1299 niy/m
styrene for 12 weeks. This finding in rats suppthtsocular toxicity reported in humans.

Studies investigating specific organ toxicity: theaervous system

Rosengren and Haglid (1989) studied brain protemais exposed continuously to styrene for 90
days. Groups of 8 (exposed) or 16 (control) Sprdameley rats inhaled 0, 90, or 320 ppm (0, 390
or 1386 mg/r). Animals were then kept for 4 months free of esype, sacrificed, the brains
removed, and various regions of the brain isolatedissection. Tissue samples were homogenised
and the astrological markers S-100 and glial figayl acidic proteins (GFAP) were measured.
Relative to the controls, GFAP (a specific markerdlia cells activation) concentrations in the 320
ppm group were significantly increased in the sgnawtor cortex and in the hippocampus,
indicating structural damage to the neurons. THieségs have been supported by two recent
studies (Wang 1998 and Waepal, 1998) where an increase in GFAP in cerebral catek
hippocampus were shown.

These 3 studies show that styrene can damage rseiardifferent brain areas.

4.7.1.3 Repeated dose toxicity: dermal
Taken from the EU RAR (2008) (4.1.2.6.1., p. 142)
“No studies are available, although low systemiddity would be predicted in most conventional
experimental species with the possible exceptisoaie strains of the mouse.”

4.7.1.4 Repeated dose toxicity: other routes

4.7.1.5 Human information
(Text is identical to the Danish proposal discusisethe TCC&L group)

Numerous studies investigating the neurotoxic pgakaf styrene in humans are available. The
focus has been put on the studies investigatingtibtexicity and the effects on the colour visian a
these endpoints are the most sensitive ones.

Otoneurological and audiometric studies

An otoneurological study was carried out on a smalp of GRP workers (Calabrestal.,1996).
Twenty workers were employed in 3 plants. It is stated whether all the available exposed
employees participated. The choice of tests wasaian investigating any effects of styrene on the
vestibular system or hearing. The workers weredtti have relatively low alcohol consumption.
Exposure levels were measured in the workplacéemlay before otoneurological testing. Average
personal exposure levels (8-hour TWA) weret38 ppm (156 87 mg/ni) for styrene and 65 +

28 ppm for acetone. Audiometric tests and auditoaynstem responses (ABR) were measured and
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vestibulocular (VOR) (caloric and rotation) and ttaslospinal (VSR) (static posturography) tests
performed. Nine of the subjects were also examaitst an exposure-free period of 3 weeks.

All workers had a normal hearing threshold. The m&BR parameters (e.g. latencies) were not
significantly different between the exposed grood an undefined control group. “Abnormal”
results were obtained for 17 of the 20 workerdaWOR caloric test and in 14 of 20 in the rotation
test.

Overall, there were no effects of styrene exposuaréhe auditory system in this study although it is
noted that there was a relatively small number afkers investigated. A high incidence of
undefined “abnormalities” in certain reflexes relhto the vestibular system was noted among the
styrene-exposed workers.

In Sweden, a small factory using styrene was claesetthe workers, employed on average for 10.8
years, were no longer exposed to styrene (Mélled.,1990). The time lapse since last exposed
was not reported but it appears that the same ekemowere studied by Flodet al. (1989), 7-9
months after exposure ceased. Generally, measutemiesirborne styrene in the work areas had
been performed annually. The measurements wereetthy personal sampling and
concentrations refer to “eight hour average”. “Higikposure levels had been 12-24 ppm (52-104
mg/nt) with a very few peak exposures above 71 ppm (B§/iT). An “otoneurological” study

was carried out, using highly specialised testgxammine the hypothesis that styrene exposure may
affect central nervous system mechanisms relatiriplance and hearing. The total workforce
figure was not given but appears to have been Rdlifiet al, 1989). The 18 participating ex-
workers (mean age 40) were matched for age rardyalaohol consumption with 18 controls in
solvent-free employment. Also, static posturograpiag measured in the ex-workers and in a
control group of 52 men (mean age 48) from the ttao8on industry with no exposure to solvents.

Clinical neurological assessments in the styremmoead workers (gait, tendon reflexes, gross
motor function and cranial nerves) showed nornmalifigs. In auditory tests, a slight high-
frequency hearing loss was detected, but this wesuated for by age and/or excessive noise
exposure. Abnormalities in cortical response aueityn defined as latency above the normal
reference range for the response to a frequendg gtimulus, were found in 7 ex-workers. There
were no apparent effects of styrene exposure ingkBbular stimulation test by caloric irrigation
of the ears. Postural sway area on a forceplatecor@sdered by authors to be abnormally large,
relative to controls, in 10 ex-workers. The actualan sway area was small (increased to 117 mm?2
compared with 71 mm?2 in controls). There was assteally significant increase in saccade (quick
movements of the eyes) latency time and impairrogability to visually suppress vestibulocular
reflex (rotatory test) in the styrene-exposed exk&rs compared to matched controls. The actual
change in mean latency was an increase from 2283ans.

Overall, the cortical response “abnormalities” detd in the absence of any effect on hearing, are
not considered to have any clinical significancewldver there was some evidence for an effect on
vestibular function in the exposed workers.

Workers in an industry in the Netherlands were sgpdo styrene; 59 male subjects of 76
employed were included in a study of hearing fuorcat up to 16 kHz (Muijsest al.,1988).

lliness prevented 12 taking part and 3 others esfus control group of 94 male photographic film
workers were of similar age and were stated tono¢ 6ccupationally exposed to styrene or other
chemicals”. A medical history of hearing dysfunatied to exclusion of 2 exposed and 6 non-
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exposed workers. The concentration of styreneerbtieathing zone of some of the workers was
measured on 3 consecutive days using personalmissobadges. Workers were divided into two
groups according to whether they were directly @)=& indirectly (n=28) exposed to styrene. A
task was chosen to represent “peak” exposure terstyand measurements made while this task
was conducted. The “4-hour mean” exposure levete 82 ppm (139 mg/M (directly exposed)

and 14 ppm (61 mg/f(indirectly-exposed); “peak exposure” was 105 p@&b mg/m). The
workers had been exposed for an average of 8.68.yidarse levels at the styrene workplaces were
up to 70 DBA in the background and up to 104 DBAdbort periods, at which level noise-induced
high frequency hearing loss is possible. Noise supoat the control workplace was 80-85 DBA.

Direct comparison of results in the styrene-expasatinon-exposed workers showed a higher
threshold for high frequency hearing in the styrerposed group but on multivariate analysis to
adjust for the effect of age, the difference watsstatistically significant. There was also no
statistically significant difference between the&tol and directly-exposed group. However,
hearing thresholds at high frequency were stasibyisignificantly higher in the directly-exposed
versus indirectly-exposed subgroups workers. Adrghreshold would be expected at higher
frequencies if styrene exposure was to have anrseledfect; high frequencies are known to be
more sensitive to impairment. On detailed analyhis,authors described an inconsistency in the
pattern of results with respect to this expectat@gosignificant effect was detected at 8 kHz but no
at higher frequencies. Hence the authors statedHbia findings were equivocal.

In Japan, 115 male workers exposed to styrenerinusaworkplaces were recruited for a study of
the upper frequency threshold of hearing, whichathignors of the study believed to be a more
sensitive indicator of early hearing loss than @mional audiometry (Moriokat al.,1999). In
many cases they were simultaneously exposed to soheents including toluene. On the basis of
pre-existing impaired hearing, exposure to intarsee or incomplete data, 18 workers were
excluded. Sound levels measured at the workplace 395 DBA. Styrene was measured in the
breathing zone and levels of urinary metabolite aedin acid also measured.

Styrene levels were found to be generally less Stappm (217 mg/M) TWA (range 0.1-100 ppm

— 0.4-433 mg/r)). Conventional audiometry at 0.5-8 kHz, performpee-shift, demonstrated no
significant difference between the exposed subgutscontrols, described as “the subjects for the
standard upper limit age curves for males”. (las clear where this “standard” data was obtained,
though it appears likely that it is from previodsdes by the same authors.) The upper frequency
limit of hearing was determined for each exposdgesai and plotted on a set of “standard”
percentile curves for male upper limit of hearirsg &ge. Subjects whose upper frequency threshold
fell below the 78 percentile curve were defined as “cases” of hedoss, and most of the
subsequent analyses are based on the percentagiepoe of such “cases”. In a plot of the
prevalence against duration of exposure the pregalexceeded 25% (the expected “normal”
value) at 5 years of exposure and increased InéaB5% at 10 years of exposure, after which it
remained static. For the 54 workers exposed foertizain 5 years there was a significant
correlation between “individual percentiles” (pregbly individual results expressed in terms of
position on the normal percentile curves) and sigrexposure. The prevalence of cases (defined as
above) also increased with styrene exposure, bexpsmgnificantly higher than 25% when

exposure exceeded 16 ppm. When analysed with retspe@ndelic acid levels the prevalence of
“cases” significantly greater in the group whoseeleexceeded 0.3 g/l compared with those below
that level. There was evidence of a correlatiomvbeh styrene exposure (concentration and
duration) and abnormal results in a test for theewfrequency threshold of hearing.
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Morataet al, (2002) investigated potential auditory effectsdarced by occupational exposure to
low levels of styrene and noise. Workers (n = I&4)osed to styrene were recruited from factories
producing fibreglass products. Sixty-five were agposed to potentially harmful levels of noise;
the remaining 89 styrene-exposed workers also bese greater than 85 dB(A)dover an 8 hour
workday. A noise-only group comprised 78 metal veosk and 81 postal workers formed the
control group, without exposure to noise or styréfech subject answered questions concerning
occupational history, medical history and lifestfdetors. These data were combined with
measurements of exposure to styrene and to nom&ient employment, estimates for styrene and
noise exposure over each subject’s lifetime, aratihg thresholds given during the study. Styrene
exposure was determined by air monitoring and lgickd monitoring. Air from the breathing zone
of each subject was sampled over the test day. Maracid (MA) was measured in urine from 127
of the 154 styrene-exposed workers; samples wélected over 24 hours from the beginning of
the work shift under study. Styrene concentratiorar were reported only in a scatter diagram
together with MA excretion in urine. Although thercelation was statistically significant (r = 0.27,
p < 0.001), there was a great variability. Noispasures were determined as 8-hour dB(&) L
values for 185 of the workers; the remaining 128 ects were assigned the mean exposure of other
workers doing the same tasks. Each worker’'s previmise exposure was estimated from
guestionnaire responses or database informatiangtlse measured or assigned exposure for
current employment, and the approximate valuepifevious employment, lifetime noise exposure
was estimated as an 8-houg bver each working day. For the noise only grobp,durrent
exposures ranged from 75 to 116 dB(A)sk An unstated number of this group did not receive
“excessive” noise, above 85 dB(A)4n and therefore could have been placed in the clogitoup.

The styrene only subjects had a range of currgregrst exposures from 0.05 to 23 ppm (0.2-100
mg/nt), while for the styrene and noise group, styrermosures ranged from 0.007 to 12 ppm
(0.03-433 mg/r). Each subject gave an audiogram, which was etalifar hearing loss at 1, 2, 3,
4, 6 and 8 kHz. An audiogram was considered “ndrmhab threshold exceeded 25 Db Hearing
Level at any frequency. A “high-frequency heariogd” was noted if the thresholds were poorest in
the frequency range 3 to 6 kHz. Over the 4 expogtogps, prevalence of high-frequency hearing
loss ranged from 33% to 48%; the differences betvggeups were not statistically significant.

The binary hearing variable, normal versus higlpdency loss, was also employed in a further
analysis. The medical, lifestyle and occupatiorsadincluding current and past exposure to noise
and to styrene) were subjected to a multiple logreigression analysis to estimate the odds of
subjects developing a high-frequency hearing I@sdy age, current noise exposure and MA in the
urine were significant. Neither current nor life@ratyrene exposure achieved statistical
significance. The authors concluded that exposustyrene, at concentrations below 20 ppm (87
mg/nt), produced high-frequency hearing losses. Howearsidering the information on styrene
exposure of the subjects and the lack of dose-rsspielationships, this study seems to
underestimate the risk of hearing loss, due tddbethat some of the participants were exposed to
very low levels of styrene.

In a cross-sectional study of 299 workers, who é&ch been employed for more than 6 months at
either of 4 yacht-making yards and one plastictofggdn Poland, visual examinations of the ear,
nose and throat, and audiometric tests were coad&iwinska-Kowalskat al, 2003). Workers
were excluded from the study if there was evidesfqaevious ear disease, impaired hearing, or
other non-occupational risk factors for hearingj&were excluded from the original cohort. Pure-
tone audiometry was performed on 290 workers (2§e€l0). Occupational noise exposures were
assessed over a working day in each subjects’ueraployment. Those with an 8-hour average
exposure greater than 85 dB(A) were defined aeraiposed; those with lower noise exposures

30



ANNEX 1 - BACKGROUND DOCUMENT TO THE RAC OPINION ON STYRENE

were assigned to the no-noise cells of the experiahelesign. Hence, of the 290 workers, 194 were
listed as part of a ‘styrene-only’ cohort (i.e. egpd to styrene and to a mean background noise
level of 80 dB(A)); 26 as exposed to ‘styrene aviddéne’ (i.e. exposed to styrene, toluene and to a
mean background noise level of 80 dB(A)); 56 tgrshe and noise’ (i.e. exposed to styrene and to
a mean noise level of 89 dB(A)); 14 to ‘styrenduéme, and noise’ (i.e exposed to styrene, toluene
and to a mean noise level of 89 dB(A)). Chemicglosxres were mixed, and more than 80% of the
workers in the ‘styrene-only’ cohort were exposeather solvents (including toluene,
dichloromethane and acetone) at levels that exceta@eOELs in Poland (100 mgin®0 mg/ni,

and 200 mg/rirespectively). Peak levels (unclear if these wehe@ TWA values) were 225

mg/nt for toluene, 307 mg/frfor acetone, and 145 mgfifor dichloromethane. An age-matched
control group of 157 ‘white collars’ and 66 workdéirsm a metal factory was selected with similar
exclusion criteria. Of this ‘control’ group, the @etal factory workers were exposed to mean noise
levels around 89 dB(A) (noise only control groupylahe 157 ‘white collars’ to a relatively low
mean noise level of 73 dB(A) (no noise, no chemsicantrol group). Current airborne exposure to
styrene was assessed by personal monitoring danmgrking shift. The concentrations ranged up
to a maximum of 47 ppm (204 mg/mA lifetime-average styrene exposure was caledl&r each

of the 290 chemical-exposed groups, using environahéspection records over the previous 15
years. These averages ranged from 4 to 309 fghean 62 mg/fh 1-71 ppm, mean 14 ppm).

Abnormal audiograms were seen in about 63% (183/@Pthe solvent-exposed workers compared
to around 40% (93/223) of controls. The odds-ridrchearing loss (based on abnormal audiogram)
likely to be due to styrene exposure but also fmosure to a higher mean noise level was 5.2 (95%
Cl1 2.9-9.8); this was calculated comparing thedeaice of the abnormal audiograms in the styrene-
only group (mean noise level of 80 dB(A)) with tivathe cohort not exposed to any solvents but to
mean levels of noise of 73 dB(A). The odds-ratiohfearing loss due to noise only was 3.4 (1.7-
6.4); this was calculated comparing the inciderfad® abnormal audiograms in the ‘styrene and
noise’ group (mean noise level of 89 dB9A)) withattin the styrene-only group (mean noise level
of 80 dB(A). The odds-ratio for hearing loss duexposure to styrene and toluene but also to a
higher mean noise level was 13.1 (4.5-37.7); tlas walculated comparing the incidence of the
abnormal audiograms in the styrene and toluenepgfimean noise level of 80 dB(A)) with that in
the cohort not exposed to any solvents but to nmaeis of noise of 73 dB(A). The odds-ratio for
hearing loss due to exposure to styrene and nasel®.9 (4.9-24.2); this was calculated
comparing the incidence of the abnormal audiogriantise styrene and noise group (mean noise
level of 89 dB(A)) with that in the control cohardt exposed to any solvents but exposed to a low
mean level of noise of 73 dB(A). The odds-ratiolearing loss due to exposure to styrene, toluene
and noise was 21.5 (5.1-90.1); this was calculatedparing the incidence of the abnormal
audiograms in the styrene, toluene and noise giomgan noise level of 86 dB(A)) with that in the

in the control cohort not exposed to any solventselxposed to a low mean level of noise of 73
dB(A). Hearing threshold was also increased amastgstne-exposed workers when compared to
controls, and was greater when in combination witter solvents or noise.

This study shows evidence of styrene-induced hgdmiss and an additive or synergistic effect with
other ototoxic agents such as toluene or noise.

Studies on colour vision

The data available on colour vision and styrenesde have recently been reviewed by Loreax
al. (2004).

The most common test of colour discrimination i tanthony Desaturated 15-hue test (D-15d). In
this test the subject is presented with 15 cologsgas and asked to arrange them in a natural colour
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sequence, starting from a reference blue cap atwkssively matching each cap to the preceding
one in the sequence. The theoretically correctesstp) chosen by most subjects, follows a spectral
order from blue through green, yellow and orangestband on to purple. The colours used are
desaturated (“pastel” hues in everyday Englishuagg) which increases the difficulty and
consequently the sensitivity of the test. The itsstdn be analysed both qualitatively and
guantitatively.

Qualitative analysis involves plotting the reswtsa circular diagram of the correct colour
sequence by joining the dots corresponding to ttegisthe subject placed consecutively. Errors
appear as chords cutting across the circle. Theyealassified according to whether they lie
parallel to the red-green or blue-yellow axes efchrcle and whether they are minor (transposition
of adjacent caps) or major (spanning two or mopskal he frequency of errors is influenced by
the intensity and colour of the lighting used foe test and by the visual acuity of the subjecthvia
subjects make minor errors in the test and a sotist@umber make one or more major errors,
predominantly along the blue-yellow axis. The freqey of these errors increased with age.
Congenital colour vision defects give very charaste patterns of major errors of large magnitude
on qualitative analysis, corresponding to the vagiolinically recognised forms of “colour
blindness”.

Quantitative analysis is based on allocating nusibeeeach cap corresponding to its position in a
standard chromaticity chart and calculating thddaodistance” between successive pairs of caps
as placed by the subject. These colour distaneestemmed up to give the total colour distance
score (TCDS), which can be divided by the theoadiiiqperfect score for the set of caps used, to
obtain a standardised score called the colour sworiundex (CCI).

Twelve cross-sectional or longitudinal studies stigating colour discrimination in reinforced
plastics workers, boat builders and other workgposed to styrene have been identified.

A recent study examined colour discrimination yrehe exposed laminators at a German boat-
building plant before and after a 4 week vacatwith the assessment being repeated one year later
after the introduction of improved hygiene measi\jfegbiget al, 2001). Thirty out of 50 male
styrene-exposed laminators who had been at therfefcr at least 6 months were recruited into the
study; it is unclear why the other 20 laminatoid 0ot participate in the study. Twenty-seven male
workers from other parts of the factory were reedias controls. Subjects were excluded from the
study for a number of reasons including congeriéur vision deficiency (identified with

Ishihara colour perception tables), high alcohaslstonption (above 210 g/week), poor visual
acuity, diagnosis of ophthalmological disease, amd,control subject, high mandelic acid and
phenyl glyoxylic acid (MA+PGA) levels. After exclioss, 22 styrene-exposed workers and 11
control workers entered the study. The median &gfeecstyrene-exposed workers was 38 years,
and the median time working at the plant was 4d&yéange 1-21). The control workers were
similar in terms of age, alcohol consumption anchtian of employment. Styrene exposure was
assessed by biological monitoring of MA and PGAe3énwere measured in urine collected at the
end of the shift on a Thursday afternoon, in otdagive a measure of the peak body burden of
styrene. Colour discrimination was assessed biaoguby the D-15d test, conducted under
standardised lighting conditions. Testing was edrout in exposed workers and in controls on
Monday morning before starting work and on Thursafgrnoon of the same week. CCl values
greater than the 95th percentile of the age-dependéerence value were considered abnormal.
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During the first phase of the study median MA+P@xgédls were 472 mg/g creatinine (range 11-
2399) in the exposed group and 15 mg/g creatinaregé 5-36) in the control group. Regarding
colour discrimination results, on the Monday mogni8@ of the 22 exposed workers (36%) had
abnormally high CCls, compared with 2 of the 11toas (18%). Although the nature of the test
errors was not described in detail, both tritan metigreen errors were made. At the Monday
morning time point the mean CCl in the exposed wrkvas 1.24 (SD 0.25), higher than in the
controls (mean 1.10, standard deviation (SD) 0.ddithe difference was not statistically
significant. For the Thursday afternoon test theam€CI in the styrene-exposed workers had
increased to 1.29 (SD 0.09). This was significahtgher than in controls, for which the mean CCI
did not change between Monday morning and Thuraftaynoon. Thursday results tabulated for
19 exposed workers showed that all 7 who had abalbyrinigh CClI values had urinary MA+PGA
concentrations exceeding 450 mg/g creatinine, vese®eof the 12 workers with normal CCl values
had MA+PGA concentrations below 450 mg/g. Whenddie from all the styrene-exposed workers
were analysed by regression analysis, CCI wasipelsitand significantly correlated with the
urinary concentration of MA, and with the sum of MAd PGA. After a 4-week absence from the
factory, the mean CCI for the exposed workers wgrsfgcantly lower than the pre-vacation values,
and was no longer significantly different from tinean control CCI.

A re-examination of colour discrimination was cadriout in the same exposed and control subjects
one year later, following the introduction of anpiraved ventilation system at the plant. By the
time of the second phase of the study styrene expdwd decreased, shown by lower urinary
styrene metabolite levels among laminators. Measentés on Thursday afternoon showed that the
median end-of-shift metabolite level was 273 mg NPA&SA/g creatinine, almost half of the level
found one year previously. Colour discriminatiost$ecarried out on Thursday afternoon showed
that the mean CCIl among the same group of lamisatas significantly lower than one year
previously, at 1.16 (SD 0.14). Five laminators (338¢re still classed as having abnormally high
CCl values, although for the tests conducted orséime subjects on Monday morning only 2
styrene-exposed workers gave results outside thectad range. Among the 11 control subjects,
there were no changes in colour discriminatiorhaytear between the two phases of the study.
After a 4-week absence from the factory, the me@hv@lue for the exposed group fell to 1.05 (SD
0.06), almost identical to that of the control gyou

This well-conducted, well-reported study shows avixacing association between occupational
styrene exposure (as revealed by the concentrationinary metabolites) and poor colour
discrimination, with both blue-yellow (tritan) ameld-green errors being made. From the design of
the study, it is not likely that this associatiauld be accounted for by confounding factors siech a
age, alcohol or congenital colour vision deficienOy the basis of the ACGIH conversion, this
would suggest that elevated CCI scores occur fpogures to styrene estimated to be between 20
and 30 ppm (87-130 magfn(8-hour TWA). It is therefore unlikely from theological monitoring
data that exposures to styrene in this study wbaie been high enough to cause acute CNS
depressionThe results from both phases of the study congdlgterdicate that the effects of styrene
on colour discrimination decrease after an expeBaeeweekend, and appear to be fully reversible
over a period of four weeks. The results also sanwexposure-response relationship between CCI
and urinary levels of MA and PGA.

Three reports described a series of linked studiesstigating colour discrimination in styrene-
exposed workers at a number of reinforced pla&ic®ries in Italy.
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In the first study, 75 styrene-exposed workers eygal at 7 factories were recruited from a total
workforce of 84 (Gobbat al, 1991). The average length of time working wityreshe was 7 years.
Sixty workers from the rock-wool industry who weret exposed to solvents acted as controls. Two
exposed workers and 3 controls were excluded flarstudy population on the basis of high
alcohol consumption (>250 g per week), poor viseality or a case history of certain medical
conditions including self-reported congenital coloision deficiency. For the reinforced plastics
workers, styrene exposure was monitored on a Thyrg personal sampling throughout the 8-
hour work shift, and by measurement of urinary M#dls at the end of the shift. Colour
discrimination was assessed by the D-15d teseabélginning of the working day, under
standardised lighting conditions. For a subgroup®$tyrene-exposed workers and matched
controls, testing was also performed before, andediately after, a one-month holiday. Analysis
of the possible reversibility of the effects ofretiye in these workers was described by Gobba and
Cavalleri (2000), as summarised below.

The geometric mean for airborne styrene concentratias 16 ppm (69 mgfin(range 0.8-131 ppm
— 3.5-567 mg/r)), and end-of-shift MA concentration was 343 mgdhge 15-3002). With the D-
15d test, some styrene-exposed workers and comtiadie errors along the tritan axis of colour
confusion; however “a few” styrene-exposed workeegle errors along the red-green axis as well.
The control workers in this study were on averadderahan the styrene-exposed workers, and to
correct for the effect of age on colour discrimioaf subjects were arranged into 41 pairs matched
for age to the nearest two years. In the 41 styesp@sed workers the mean CCl was 1.26 (SD
0.22), significantly higher (P<0.01) than the m&®i of 1.15 (SD 0.14) for their age-matched
controls. Although not commented on by the authibegpears from the distribution of CCI scores
in the 41 styrene-exposed workers that there wewestib-populations; most exposed workers
(26/41) had a CCI within one SD of the control mdaut a minority (9/41) had a CCI more than
2% SDs greater than the control mean. In anothénadeof analysis, all the subjects were arranged
into three age groups (16-30, 30-39 and 40-64 yadjsAnalysis of these three groups revealed
that styrene-exposed workers had higher medianv@Qgs than controls, but the difference was
only statistically significant for workers of 40 over. In a further analysis, all exposed workers
were subdivided into those with exposures abovsetow 50 ppm (217 mg/fh The results

showed that the 15 workers exposed to >50 ppmigadisantly greater (P<0.05) CCI values than
the 55 workers exposed < 50 ppm, although thererasformation on worker age in the two sub-
groups and a high degree of overlap of individeakss between the two sub-groups of workers. In
the low exposure group the median CCl was 1.08)aino the control median, while in the high
exposure group the median CCl was 1.30 with"af@@centile of 1.64. This implies an impairment
of colour discrimination. For the sub-set of 39 @x¢d workers who had a mean age of 35 years
(SD 6), mean CCl tested before the holiday was (SZ80.19); this is on the #%ercentile of the
age-related reference value. After the holiday,m@@&l was 1.20 (SD 0.21), suggesting that a 4-
week exposure-free period did not influence coltiscrimination.

In the second lItalian study, similar methods weseduto assess colour discrimination in a group of
40 styrene exposed reinforced plastics workers f8dactories not included in the previous study
(Gobba and Cavalleri, 1993). A control group corsguli of 40 subjects, matched for age, alcohol
consumption and tobacco smoking, but the populdtmm which they were recruited was not
described. Subjects with alcohol consumption grehtan 350 g/week or with self-reported
congenital colour vision deficiency were excludeshi this study population. For the reinforced
plastics workers, styrene exposure was monitorea dhursday by personal sampling, presumably
throughout the 8-hour work shift, and by measurdréend-of-shift urinary styrene levels; the
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frequency of monitoring was not stated. Colour dismation was assessed by the D-15d test at the
beginning of the working day, under standardisghting conditions.

Among the exposed workers, mean styrene exposumegdhe 8-hour shift was again 16 ppm (69
mg/nt). The mean CCIl in styrene-exposed workers (1.210 20) was significantly higher than
the mean in the controls (1.05, SD 0.07). Thereneagttempt at exposure-response analysis in
these workers.

In the third Italian study, the influence of chasge styrene exposure over a twelve-month period
on colour discrimination was assessed in a grolg®aforkers (Gobba and Cavalleri, 2000). An
unexposed control group of equal numbers, matobieselx, age, alcohol consumption and
smoking, was included. Mean CCI of all styrene-esqebworkers at the start of the 12-month
period (1.24, SD 0.21) was significantly higherthle controls (1.14, SD 0.14). Among the
exposed workers there were 10 individuals for whexmposure increased (Group 1), and 20
individuals for whom exposure was unchanged oresesead slightly (Group 2). The airborne
concentration of styrene was monitored by perssaipling and colour discrimination was
assessed using the same methods as in the préwiossudies.

In group 2 the geometric mean airborne styreneeumation was 14 ppm (61 mgi)rat the initial
time point and 10 ppm (43 mg#rone year later; over this time period mean C@lrdit change
significantly from the initial value of 1.27 (SD1®). In group 1 the geometric mean airborne
styrene concentration increased over the one-y&argfrom 11 to 16 ppm (48-69 mginin
these workers mean CCI increased from 1.18 (SD) @016.29 (SD 0.21). None of the mean
changes in styrene exposure or CCI over this 12t#mperiod achieved statistical significance.

Overall, these three Italian studies are consistepobinting to an association between occupational
styrene exposure and impaired tritan colour disicration. An exposure-response analysis was only
carried out in the first study, and this suggestedmpairment of colour discrimination in workers
exposed to >50 ppm (217 mginstyrene, whereas in workers exposed to <50 pprarg colour
discrimination was normal.

In terms of the magnitude of the effect, the medi& in the high exposure group (>50 ppm) was
1.30. The results from a sub-group of workers sagti@t the effects of styrene on colour
discrimination persist even after a 4-week expofnaee period.

Three studies in Japanese workers attempted tolisktavhether styrene has a threshold for effects
on colour discrimination.

Eguchiet al. (1995) investigated colour discrimination in 6jrehe-exposed workers from 6
fibreglass reinforced plastics (FRP) factories @adaontrols recruited from the same and other
factories. Exclusion criteria included an alcohmhsumption of more than 250 g/week, the
presence of congenital colour vision deficiencypoor visual acuity. The mean age of the exposed
workers was 38 years (range 18-66) and durati@xpbsure was 7 years (range 0.2-26.8). The
mean age of controls was 38 years (range 20-6ylrerst was said to be by far the most widely-
used solvent in the factories; acetone was alst iaselean tools. End-of-shift urinary MA
concentrations were measured on the same dayairadiscrimination testing, but levels were not
related to creatinine concentration or ionic sttenglthough the subjects drank a glass of water 2
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hours before urine collection to minimise the effeaf differences in ionic strength. Airborne
styrene concentrations were measured by area sagnf@lolour discrimination was tested using the
D-15d test at the beginning of the working day @llsuon a Monday) to minimise the possible
acute influence of styrene on colour discrimination

The mean urinary MA concentration in styrene-exposerkers was 220 mg/l (SD 480), and the
mean airborne styrene concentration was 21 pprm@h) (range 6.6-36.4 ppm — 29-158

mg/nt). In both exposed and control groups a numbetbjests made errors in colour
discrimination. All subjects who made errors matkeast one tritan error, with no subjects making
exclusively red-green errors. Paired analysis veasl io compare colour discrimination in 57 age-
matched pairs of styrene-exposed workers and denfrbe mean CCI for the 57 styrene-exposed
workers was 1.22 (SD 0.23), significantly highearthn the controls (mean 1.12, SD 0.13). The
styrene-exposed workers were also divided into higth low-exposure subgroups according to
whether the urinary MA concentration was aboveadolw 420 mg/l. In the low-exposure subgroup
of 40 workers the mean urinary MA level was 200Irf§D 110) and the mean CCI was not
significantly different from control. However, ftihhe high-exposure subgroup of 17 workers where
the mean urinary MA level was 1060 mg/l (SD 93bB§ mean CCIl was 1.33, significantly higher
than in controls and low-exposure subgroup. Stepvagression analysis confirmed a positive
correlation between CCIl and MA levels, but did sledw a correlation with the duration of styrene
exposure. It was noted that colour discriminati@swot related to alcohol consumption.

The airborne concentrations of styrene in thisystathted to area sampling, and so are of littee us
for the determination of thresholds or exposur@eoese relationships. The urinary MA levels were
not corrected for creatinine, and given that woskeere encouraged to drink water prior to urine
sampling the consequent dilution effect on urinddy levels means that any extrapolations to
estimated airborne concentrations of styrene wbaldf uncertain reliability.

Overall, the results of this study are consisteitth an exposure-response relationship for an effect
of styrene on colour discrimination, and point tiheshold somewhere between the high and low
exposure groups.

The same team studied the exposure-response nslaifiobetween styrene and impairment of
colour discrimination in a second study using thme methods and exclusion criteria (Kishal,
2001). Eighty-seven workers exposed to styreneRR? factories, with mean age 37.7 years (SD
13) and mean duration of exposure 6.2 years (S]) Weite tested. They were arranged into low-,
medium- and high-exposure sub-groups on the basibether end-of-shift urinary MA
concentrations were below 100 mg/l, between 1002&0dmg/l, or above 200 mg/l, respectively.
For each subgroup of exposed workers colour discation was compared with a group of age-
matched controls drawn from 117 subjects from #rmaesand other factories but not exposed to
industrial solvents.

For the 21 members of the low-exposure subgroupnien urinary MA concentration was 50 mg/I
(SD 30) and the mean CCl was 1.21 (SD 0.26), mgotifstantly different from controls. The 24
medium-exposure workers and 42 high-exposure wsttk@d mean urinary MA concentrations of
140 mg/l (SD 30) and 650 mg/l (SD 700), respecyiviar these workers mean CCI values were
1.23 (SD 0.20) and 1.27 (SD 0.27), respectivelyh lsmynificantly greater than their corresponding
control group values.

Overall, these results are consistent with thetemee of an exposure-response relationship for an
effect of styrene on colour discrimination. Howeusgcause the urinary MA levels were not
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corrected for creatinine, it is not possible toately estimate exposure in terms of airborne sigren
concentrations for the low, medium and high expesuoups.

A recent study by the same team investigated calmgrimination in a group of 57 styrene-
exposed workers at a FRP boat plant (Getnal, 2002). The mean age of the exposed workers was
29 years (SD 4), and they had been working withesiy for a mean time of 6.4 years (SD 2.1).
Colour discrimination testing was also carried ioud group of 69 non-exposed controls. The mean
age of the controls was 38 years (SD 11). Exclusrdaria included congenital colour vision
deficiency, the presence of medical conditions thay affect colour discrimination, alcohol
consumption greater that 250 g/week, and occupat@xposure to styrene for less than 6 months.
Styrene exposure was assessed by personal saraptrtnyy measuring urinary concentrations of
MA and PGA; in this study these were correctedlierconcentration of creatinine in the urine.
Both contemporary and historical urinary measurdamesmre available. A cumulative exposure
index was calculated for each worker based on &egyand duration of exposure and the results
of the monitoring of urinary MA concentrations. Got discrimination was measured by the D-15d
test, conducted immediately before the start obekwghift under standard lighting conditions.

The mean urinary MA concentration at the time ef $kudy was 260 mg/g creatinine (SD 350); this
was less than a third of the mean value recordetid®3. The mean 8-hour TWA styrene
concentration at the start of the working week 6@®pm (217 mg/r) (SD 36). Workers were

also exposed to acetone, with a mean 8-hour TWAeamnation of 49 ppm (SD 25). The mean
airborne concentrations of other solvents moniteveck low, all less than 0.1 ppm.

CCl was compared in 43 pairs of age-matched suhjantd was significantly higher in the exposed
workers than in the unexposed controls; the medadunes for these two groups were 1.13 and 1.04,
respectively. Twenty-three control subjects mademors (CCI=1.00), compared with 11 of the
exposed workers. As in the previous studies, sepposed workers were divided into subgroups.
The criterion for grouping was whether the sumarftemporary urinary MA+PGA concentrations
was above or below 240 mg/g creatinine. Workerewatched for age, providing 29 high-
exposure workers, 29 low-exposure workers, ando2®al subjects for comparison. As found in
the previous studies, CCI related to contemporgmgse exposure. For the high- and low-exposure
workers, mean CCl values were 1.14 (SD 0.24) ad9 (SD 0.13), respectively, both statistically
significantly higher than the control CCI of 1.C20 0.04). However, no relationship between
cumulative styrene exposure and CCIl was found.réla¢ionship between individual CCl values
and individual maximum styrene exposure recordethduhe previous eight years was
investigated. There was a positive correlation betwmaximum MA concentration and CCI.

From the urinary MA+PGA cut-off value of 240 mg/gatinine, it can be estimated that the low
and high exposure groups in this study correspomddan 8-hour TWA exposures of <12 and >12
ppm (52 mg/m) respectively. However, it is worth noting thaistestimate of exposure is based on
urinary metabolites measured at the end of a whifk svhereas visual testing was conducted pre-
shift generally on a Monday. The strength of eviadefor an exposure-response relationship might
have been increased if visual testing had also beeducted post-shift on the same day as the urine
sampling. It also needs to be noted that the esflthis study imply a relationship between
contemporary levels of urinary styrene metabokted an effect on colour discrimination, but no
relationship with long-term cumulative exposure i@asd.

Overall, all three Japanese studies consistentht pm styrene having a threshold effect on colour
discrimination. The Gong study, which had the nmmgirous exposure assessment, indicates that
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the threshold exposure level is about 12 ppm (52m)g8-hour TWA). In relation to severity of
effect, all 3 studies conducted the colour disanaion tests pre-shift on a Monday morning,
specifically to exclude an acute effect of styrefi@s raises the possibility that effects would énav
been more severe if the tests had been conducstesipidt.

In a very recent study by Gomg al. (2006), the relation between colour vision losd Hre

exposure of styrene was investigated. Colour vigias examined by the Lanthony desaturated
panel D-15 test for 76 subjects exposed to styreadibreglass reinforced plastics boat plant and
102 non-exposed subjects. The exposure level wagsssed by the concentration of atmospheric
styrene and end-shift urinary mandelic acid (MAJ @henylglyoxylic acid (PGA) levels. The
individual cumulative exposure index (CEI) was cédted based on the exposure frequency and
urinary MA concentrations measure for the pastteyghrs.

The CCI of the exposed group showed a significéfegrdnce from the age matched controls. Only
a slight significant relation was found between @@dl the concentration of urinary MA plus PGA.

The exposed group was further divided into two sabgs by the median of urinary MA plus PGA
of each subject. The dividing line between the solygs was 0.24 g/g creatinine, which was
equivalent to an atmospherid concentration of sy about 10 ppm (43 mgfinThe CCl values
of both the subgroups were significantly highemntkfzat of the control group.

The relation between CCI value and the maximum sxpoconcentration in the past eight years
was examined. It was found that the CCI value efgtoup with the maximum exposure
concentration of styrene over 50 ppm (217 miykvere significantly higher than that of the other
groups.

Overall, this very recent study shows that exposustyrene would impair colour vision even if
the exposure concentration was lower than 10 pg@mi@/nt). Furthermore, if the maximum
concentration of styrene exposure transiently edeg&0 ppm (217 mgfin the past, the styrene
related damage might remain.

In a series of three reports, colour discriminati@s investigated in styrene-exposed workers at 3
Canadian reinforced plastics plants.

The initial investigation was based on 81 workeosnfthe 3 plants following exclusions due to
self-reported congenital colour vision deficienother ocular disorders and injuries, poor visual
acuity, or less than 6 months solvent exposure (@ameet al, 1995; Campagnet al, 1992). The
mean age of the workers was 29 years; mean duraitiemployment at the plants was 5 years and
the mean alcohol consumption was 160 g/week. Styegposure was assessed by personal
sampling over 4 hours of an 8-hour shift and by sadag end-of-shift urinary MA concentration.
Visual testing was conducted on Saturday morni@dydurs after the last exposure. Colour
discrimination was assessed using the D-15d tesjurted under standardised lighting conditions.
Subjects were classed as having colour vision ideity if the coloured caps were misplaced by at
least two positions, even if this occurred for oohe eye.

Mean airborne styrene concentration was 48 ppm §29/8t) (SD 60) and mean urinary MA
concentration was 480 mg¢geatinine (SD 690). However, about 1/3 of the weoskvore
respiratory protective equipment (RPE). 35 workeported acute eye irritation associated with

38



ANNEX 1 - BACKGROUND DOCUMENT TO THE RAC OPINION ON STYRENE

styrene exposure, and some also reported tearohlarred vision. The incidence of these
symptoms was found to correlate positively witmary MA concentration; it is unclear whether or
not this adversely affected performance in the wothscrimination test. On the basis of the D-15d
test, 25 workers (31%) were classified as havirigurovision deficiency. Most of these workers
made errors of the tritan type, although one maud @rrors of the red-green type and two made
both types of error. Six other workers made emvats no particular pattern. When workers were
dichotomised into those with or without colour aisideficiency, statistical analysis showed no
significant relationship with urinary MALhe mean uncorrected CCI score for all workersdtas
on the mean of scores from left and right eye sdphf) was 1.14 (SD 0.16). Multiple regression
analysis was used to investigate the relationdigpseen CCl and age, length of service in the
factory, alcohol consumption, respirator use amdany MA. When CCIl was corrected for age,
alcohol consumption and length of service, it wasfl to have a positive correlation with urinary
MA concentration but not with airborne styrene lsypresumably reflecting the use of RPE in
some workers.

One statistical analysis suggested a positiveioaishtip between CCIl and urinary MA, but this was
not confirmed by the analysis of those with anchaiiit colour vision deficiency. From the mean
urinary MA concentration of the workers in thisggtand using the ACGIH conversion, it is
estimated that the mean amount of styrene inhajeddokers is equivalent to an airborne
concentration of 30 ppm (130 mging8-hour TWA). Although there was no control groitgs

noted that the mean CCI score from all the exposmtters (1.14) is between thesand 9
percentile of normal reference value), given thameorker age (29 years). The reports of
lacrimation and blurred vision also raise doubtsrdtie interpretation of this study.

Overall, there was no consistent evidence for aratat effect of styrene exposure on colour
discrimination, and it does not seem possible &vdany firm conclusions from this study.

Follow-up testing on 57 workers from the originaldy (Tp) was conducted two years latep)T
(Mergleret al, 1996). The mean age of these workers was 32 y8Br9) and the mean duration
of employment at the plant was 6 years (SD 6).68irexposure and colour discrimination were
assessed as in the previous study, and this rajsorincluded the results from a neurobehavioural
test battery.

Styrene exposure during the 2-year period, meafasg&irborne concentration or urinary MA
concentration, had slightly decreased in PlanuBhlad broadly stayed the same or showed some
slight increases in Plants 1 and 2. It appearedhieareductions in MA betweeny&nd T in Plant

3 were largely due to wearing RPE rather thanredaction in airborne styrene levels. Exposure
data for each plant were only presented graphicéhg graphs revealed a lognormal distribution of
exposure data and that 50% of exposures in eachére below 50 ppm (217 mgim

Mean CCI for all 57 workers at,was 1.19 (SD 0.35), similar to the mean CCI (1fb8Yhese

workers at §. When the results from each plant were considsepdrately it was found that in

Plant 3 the mean CCI had decreased by 0.20 (SD.0Qu7Blants 1 and 2 where styrene exposure
had not decreased, the mean CCI had increased »y®D 1.17) although these changes were not
statistically significant. When colour discriminati test results for all 57 workers were grouped
according to whether urinary MA had increased, ei@®ed or remained unchanged, there was found
to be a statistically significant correlation beemeurinary MA concentration and increases in CCl
over the 2 years. The results of the neurobehaaidest battery showed no decline in any of the 18
test parameters betweepdnd T, and a statistically significant improvement ip&ameters in
workers from Plant 3, and an improvement in oneupater in workers from plants 1 and 2.
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Overall, the results of the first follow-up showeal decline in colour discrimination in workers
where average exposures to styrene had not chamgeedly during the two-year intervdlhere

was no information on subjective symptoms of egigatron in this follow-up study, and the results
of the neurobehavioural tests were unremarkableeder, analysis of changes in levels of urinary
MA and CClI scores at the level of the individualriser suggests a correlation between increases in
the body burden of styrene and deterioration iowotiscrimination over the 2 years. It is not
possible from the way the results are presentédismstudy to identify a threshold for an effect of
styrene on colour discrimination or to quantify egpre-response relationships. However,
gualitatively the results are suggestive of a r@teship between exposure to styrene and colour
discrimination.

After 9 years, colour discrimination was retested8 of the original workers still working at Plant
3 (Castilloet al, 2001). The 18 retested workers had a mean ag@ wéars and mean duration of
employment of 13 years. The authors were unabéater the plant to sample airborne styrene
concentrations or access company records, but egkifourinary MA measurements were made at
the end of the working week as in the previousistidn addition, personal exposure
measurements were available for the period 198D88, and these were combined with individual
work histories to produce a cumulative exposurexior each worker.

Urinary MA levels were lower than at year 0 andry2aand were all below 340 mg/g creatinine.
Among the retested workers age-corrected CCIl hadawed significantly between year 0 and year
2, during which time their styrene exposures had &llen. However, there was no further
significant change in CCI between year 2 and yedufing which time styrene exposure had
continued to fall.

Overall, the follow-up investigation at 2 years wied no changes in the mean CCI scores over this
time period. In some workers within the study papioh there was a correlation between increases
in urinary MA concentration and a decline in CCoes. Among the small subgroup of workers re-
evaluated at 9 years, no changes in mean CCI veteeted, although styrene exposure had
decreased. These data are suggestive of an iriteesgffect of styrene on colour discrimination,

but it is difficult to ascertain the magnitude bétdeficiency.

Chiaet al. (1994) investigated colour discrimination in 21llen@minator workers exposed to
styrene at a concentration below 30 ppm (130 mgamd 21 carpenters from a boat-building plant
in Singapore. The two groups were matched for s;sgeking habits and alcohol consumption.
Styrene exposure was also assessed by measurdneedtaf-shift urinary MA and PGA levels.

On Monday morning, after an exposure-free weekeoldur discrimination was assessed using the
D-15d test under standard lighting conditions. Thkeur discrimination results were expressed as
the geometric mean of the total colour differenoare (TCDS).

Mean urinary MA and PGA concentrations for the esqubgroups were 84 and 66 mg/g creatinine,
respectively. Colour discrimination errors were mag the exposed workers along both the red-
green and tritan axes. The exposed group ahd ignify poorer colour discrimination in the D-15
test score than the control group; the mean TCDSM84 (SE 0.04) for the exposed group and 132
(SE 0.04) for the control group.

Overall, low exposure (30 ppm) to styrene may impalour vision.
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4.7.1.6 Other relevant information

An overwhelming number of scientific papers havdradsed the neurotoxicity of styrene. The
neurotoxic effect of styrene is well documentethath humans and experimental animals. Besides
effect on hearing, vestibular function and coloigcdmination, other studies in both animal and
humans have shown effects on the peripheral n@wéucting velocities (EU-RAR 2006,
Yamamotcet al. 1997).

The acute toxicity of styrene is mainly dominatgdBllCNS depressive effect or narcotic effect
affecting — among others — reaction time as shoy@damberalet al. (1976). The EEG might also
be affected and some more permanent effects harerbported. Also effects on permanent
changes of neurotransmitter concentrations have sle@vn.

Styrene is both vistibulotoxic and may impare th&ahce (Toppilat al.,2006).

ACGIH as well as several other Occupational TLVhawities have reduced the TLV of styrene to
20 ppm because loss of colour discrimination issaered as a serious effect.

Toluene is classified Xn;R48/20 based on functiomapairment of hearing in experimental
animals, progressing to permanent hearing losgpnaganied by loss of hair cells in the outer
cochlea, observed at dose levels relevant foriGlzesson.

4.7.1.7 Summary and discussion of repeated dose toxicity

4.7.1.8 Summary and discussion of repeated dose toxicityniiings relevant for
classification according to DSD

Dose response estimation including weight of evidea consideration

Ototoxicity

A substantial number of scientific papers have esislrd the ototoxicity of styrene observed in
animal studies and epidemiological studies.

Clear evidence of ototoxicity (both functional amdtological) has been seen in sedentary/ordinary
rats repeatedly exposed to styrene by inhalatimomtentrations from 600 ppm (2598 md)ynin

three different studies, no such effects were s¢@00 ppm (866 mg/Hfor 13 weeks, or at 300
ppm (1299 mg/rf) or 500 ppm (2165 mg/fihfor four weeks. One study in active rats expdsed
styrene for 4 weeks showed that styrene-inducetxitaty tend to occur at lower exposure
concentrations (400 ppm - 1732 mg)rthan those at which ototoxicity is observed in
sedentary/ordinary rats. This is considered toumetd the increased styrene uptake, which is the
consequence of the increased ventilation rateiartdyn, of the increased physical activity.

The histological damage consists of the destruaifdhe outer hair cells (OHC; especially of row
3) of the cochlea. These changes are accompaniad blevation of the hearing thresholds in the
mid-frequency range (10-20 kHz). The destructiothefhair cells is irreversible and occurs at
slightly lower exposure concentrations than thaselypcing the audiometric hearing threshold
shifts. Mechanistic investigations indicate thgtate reaches the sensory hair cells of the cochlea
via the blood stream and that styrene itself anitdanetabolites cause a serious disturbance of the
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membranous organisation of these target cells. Mewéhe underlying toxicological mechanism
has not been clearly elucidated.

From the studies in animals it can be concludetadOAEC for hearing loss in the rat is between
300 and 600 ppm (1300-2600 md)mA marked loss in the number of OHC has been shatv$00
ppm (2600 mg/rf). An interaction between styrene exposure andenoisethanol seems to be at
least additive.

The available human data indicate a relationshiwéen styrene exposure and hearing loss as well
as effects on vestibular reflexes in some workers.

One study has concluded that exposure to styrérenaentrations below 20 ppm (87 mg/m
produced high-frequency hearing losses. Howevarsidering the information on styrene exposure
of the subjects in this study and the lack of d@sgponse relationships, this study seems to
underestimate the risk of hearing loss, due tddabethat some of the participant were exposed to
very low level of styrene.

Another study has shown evidence of styrene-indbeading loss and an additive or synergistic
effect with other ototoxic agents such as tolueneodise.

Therefore, these human data indicate that the wéisens of ototoxicity in animals are relevant to
humans. In addition, the human studies indicatetheasensitivity for developing hearing loss
might be substantial greater in man than in theAaimilar relationship is also seen for toluene,
already classified Xn;R48/20.

Effects on colour vision

Twelve cross-sectional or longitudinal studies stigating colour discrimination in reinforced
plastics workers, boat builders and other workgmosed to styrene have been identified. These
studies provide evidence that styrene causes chamgelour discrimination relative to age-
matched controls. Generally, the effect was ortriten (blue-yellow) type, although some workers
also had evidence of red-green colour vision deficy. The most recent study (Gaetcal.,2006)
shows that exposure to styrene would impair colasion even if the exposure concentration was
lower than 10 ppm (43 mgAn Furthermore, if the maximum concentration ofste exposure
transiently exceeded 50 ppm (217 md)/in the past, the styrene related damage mighairem

Also the data from the Canadian studies are suiggesitan irreversible effect of styrene on colour
discrimination. Similarly, the results from theliiga studies also suggest that the effects of sgyre
on colour discrimination persist even after an expe free period.

The ocular effects of styrene in experimental atérhave not been studied in depth, but there is
one study, which has shown effects on the numbtreofarge amacrine cells as well as on the
content of neuramines and glutathione of the ratimats exposed repeatedly to 300 ppm (1299
mg/nT) styrene for 12 weeks. The number of large amaa@ils was reduced by around 30% in
styrene-exposed rats when compared to controlsd@hsity of small amacrine cells was
unaffected. Dopamine and DOPAC content were lohan tontrols (22% and 17% respectively),
as were glutathione levels (28%). This findingatsrsupports the ocular effects reported in
humans.

Neurotoxicity

The neurotoxicity of styrene is well documentedb@ath humans and experimental animals. Besides
effect on hearing, vestibular function and cologicdmination, other studies in both animals and
humans have shown a number of different effecte@mervous system.
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4.7.1.9 Comparison with criteria of repeated dose toxicityfindings relevant for
classification according to DSD

Xn;R48/20 Harmful: danger of serious damage to he#i by prolonged exposure through
inhalation.

Effects

Styrene causes a number of different neurotoxecesf which are relevant for assigning the R-
phrase R48 to styrene as these effects are notezblg other R-phrases. R48 is justified because
styrene causes several types of serious damaggalih by prolonged exposure by inhalation and is
even more potent than toluene, which is similastyoene in chemical structure, physico-chemical
properties as well as toxicological properties.

Ototoxicity:

Styrene-induced chronic impairment of auditory fimt has been demonstrated in a number of
animal studies and several human studies. Thibé&@s substantiated by morphological evidence
of hair cell loss in the rat cochlea as well agunctional investigations in humans. The available
data suggest that humans are sensitive to thisteffe that styrene is more potent than toluene,
which already has been classified Xn;R48/20.

Effects on colour vision:

Several human studies show that low-level expogustyrene (< 50 ppm / 217 mg/l) may impair
colour vision. Some of the human studies may hanerestimated the risk because some
individuals were exposed to very low levels of sha (< 8 ppm / 35 mg/l). Some studies argue that
the effect is reversible, but scientifically thisshnot been documente®fCGIH as well as several
other Occupational TLV-authorities have reducedTth¥ of styrene to 20 ppm (87 mg/l) because
loss of colour discrimination is considered asréoss effect.

Neurotoxicity:

Several different kinds of investigations of e.&d; peripheral nerve conduction velocity, and
ototoxicity have been performed in both experimeswt@mals and in humans. Being a neurotoxin
might imply that styrene induces vestibulotoxiatyd several studies in humans and experimental
animals have confirmed this. In addition, styreaeses irreversible changes in the central nervous
system of animals as documented in a substantiabauof papers reviewed in the EU-RAR.

Criteria for classification

According to the criteria for classification anthddling section 3.2.4. ‘Comments regarding the use
of R48’“...serious damage to health is to be considereidt¢tude death, clear functional
disturbance or morphological changes which aredobagically significant. It is particularly
important when these changes are irreversibld€aring loss and colour vision discrimination are
to be considered as serious damage to health.
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Furthermorelt is also important to consider not only speciievere changes in a single organ or
biological system but also generalised changesless severe nature involving several organs, or
severe changes in general health statdshus, for a substance such as styrene, whichtaféec
number of endpoints, the criteria emphasise thertapce to consider the whole scale of effects,
not only individual studies.

According to section 3.2.4.1 (b) (inajor functional changes in the central or periphenervous
systems, including sight, hearing and the sensenell, assessed by clinical observations or other
appropriate methods (e.g. electrophysiology)he four effect types observed following exposure
to styrene — as addressed above — are all congiderieeing “serious” according to the
classification criteria and thus, R48 is warranted.

According to the classification criteria, exposatg-off guide values are stated when the basis for
R48 is a 90-day or 28-day rat study. Substanceslassified at least as harmful by inhalation when
these effects are observed at levels of the orfdeate< 0.25 mg/l, 6 hours/day. This guide value
can apply directly when severe lesions have besargbd in a subchronic (90 days) toxicity test.
When interpreting the results of a subacute (2&)tmxicity test, this figure should be increased
approximately threefold. However, when a two-ydadsg is availablé€...it should be evaluated on
a case-by-case basisFurthermore’lf results of studies of more than one duratiore @vailable,
then those from the study of the longest duratimukl normally be used.The classification

criteria do not give any exact guidance when sgite/e been performed with other durations or
other species than the rat. For styrene, for whitdrge number of studies with varying exposure
durations are available, and for which the stutieage focussed on different endpoints, the
classification criteria indicate a duty to applyiadividual approach.

In section 3.2.4.1 it is statéWhen considering data from practical experiencedpl attention
should be given to exposure levelbld further guidance is given.

In the general introduction to Annex VI, sectiof &.is stressed thét.. all the toxicological ...
properties of substances ... which may constitutskaduring normal handling and use . should
be identified.

In section 3.2.3.1, the possibility to classifyywe&platile substances as “harmful” on a case-bycas
basis‘... when there is appropriate evidence that suchssaitices may present a risk in normal
handling and use...,“even when the specified criteria for health @éffere not fulfilled, is
described.

Exposure levels

Ototoxicity:

Data from epidemiological studies suggest that msvaae sensitive to this effect; however, these
studies do not allow a determination of a LOAEC/NEIA In the rat, exposure levels above 500
ppm (2165 mg/rf) have caused impaired hearing function. In humseseral epidemiological
studies support the findings in the animal studizsvever the studies suggest that humans are
much more sensitive than the rat.

Effects on colour vision:
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The most recent study (Goegal.,2006) shows that exposure to styrene would imgaour
vision even if the exposure concentration was lovan 10 ppm (43 mg/fh Furthermore, if the
maximum concentration of styrene exposure transienteeded 50 ppm (217 mginin the past,
the styrene related damage might remain.

Neurotoxicity:

The data on exposure are sufficient to decide venetfiects could occur at exposure levels, which
may be encountered in the working environment asraésymptoms or signs of neurotoxicity may
occur at exposure levels similar to the present Te&e the EU-RAR.

Thus, the critical effects observed following refegleexposure cannot be excluded to occur under
normal handling and use and should be taken irdowat when considering R48 for styrene.

4.7.1.10 Conclusions on classification and labelling of refed dose toxicity findings
relevant for classification according to DSD

Styrene produces a number of serious health efédigs prolonged exposure by inhalation in
experimental animals and in humans. The exposusetsiénducing neurotoxicity in humans are in
the same order of magnitude as the exposure lendising neurotoxicity in animals; however, for
ototoxicity and colour vision discrimination thepmsure levels inducing these effects in humans
seem to be a factor of 10 lower than in animalseBlaon the available data, a classification as Xn;
R48/20 is warranted for styrene.”

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

4.8.1 Summary and discussion of repeated dose toxicitynilings relevant for classification
as STOT RE according to CLP Regulation

See the summary and discussion of relevant fincabgse in 4.7.1.8

4.8.2 Comparison with criteria of repeated dose toxicityfindings relevant for classification
as STOT RE

STOT RE 1 H372 Causes damage to the nervous systdmough prolonged or repeated
exposure by inhalation.

Effects

Styrene causes a number of different neurotoxecesf which are relevant for assigning STOT RE
to styrene. STOT RE is justified because styremsemsignificant health effects that can impair
function by prolonged exposure by inhalation areséheffects are not covered by other hazard
classes. Styrene is even more potent than tolwdmeh is similar to styrene in chemical structure,
physico-chemical properties as well as toxicololgicaperties and already has been classified
STOT RE.
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Ototoxicity:

Styrene-induced chronic impairment of auditory fiimt has been demonstrated in a number of
animal studies and several human studies. Thiséas substantiated by morphological evidence
of hair cell loss in the rat cochlea as well agunctional investigations in humans. The available
data suggest that humans are sensitive to thisteffel that styrene is more potent than toluene.

Effects on colour vision:

Several human studies show that low-level expogustyrene (< 50 ppm) may impair colour

vision. Some of the human studies may have underasd the risk because some individuals were
exposed to very low levels of styrene (< 8 ppm)nB8studies argue that the effect is reversible, but
scientifically this has not been document®@GIH as well as several other Occupational TLV-
authorities have reduced the TLV of styrene to g fpecause loss of colour discrimination is
considered as a serious effect.

Neurotoxicity:

Several different kinds of investigations of eEfG, peripheral nerve conduction velocity, and
ototoxicity have been performed in both experimeswt@mals and in humans. Being a neurotoxin
might imply that styrene induces vestibulotoxiatyd several studies in humans and experimental
animals have confirmed this. In addition, styreaeses irreversible changes in the central nervous
system of animals as documented in a substantiabauof papers reviewed in the EU-RAR.

Criteria for classification

According to the classification criteria for substas in Annex 1: 3.9.2.1, Category 1 is assigned to
“Substances that have produced significant toxiritiiumans or that, on the basis of evidence from
studies in animals, can be presumed to have thenpiat to produce significant toxicity in humans
following repeated exposureind“Substances are classified in Category 1 ... ondhss of:

reliable and good quality evidence from human casespidemiological studies; or observations
from appropriate studies in experimental animalsvimich significant and/or severe toxic effects, of
relevance to human health, were produced at gelyel@al exposure concentrations’Significant’

is defined as$... changes which clearly indicate functional didtance or morphological changes
which are toxicologically relevahand ‘severe’ is defined as effects that are generally more
profound or serious than ‘significant’ effects aae of a considerably adverse nature which
significantly impact on health”

Category 1 is justified for styrene as hearing,loesnonstrated in a number of animal studies and
several human studies, and colour vision discritttnademonstrated in several human studies, are
to be considered as severe toxic effects beingcohaiderable adverse nature, which significantly
impact on health.

According to Annex 1: 3.9.2.10.2Vhen well-substantiated human data are availaltlevging a
specific target organ toxic effect that can beably attributed to repeated or prolonged exposure
to a substance, the substance shall normally besdiad. Positive human data, regardless of
probable dose, predominates over animal data. Tifiassubstance is unclassified because no
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specific target organ toxicity was seen at or betbesdose/concentration guidance value for
animal testing, if subsequent human incident datome available showing a specific target organ
toxic effect, the substance shall be classified.”

STOT RE 1 is justified for styrene as hearing lasd colour vision discrimination have been
demonstrated in relatively new human studies, wprgllominate over the animal data.

According to Annex 1: 3.9.2.7.83,.. all available evidence, and relevance to humaalth, shall

be taken into consideration in the classificationgess, including but not limited to the following
toxic effects in humans and/or animalsifid in (b)‘significant functional changes in the central or
peripheral nervous systems or other organ systan@dyding signs of central nervous system
depression and effects on special senses (agbt, beearing and sense of smell).”

Ototoxicity : Styrene-induced chronic impairment of auditonydtion has been demonstrated in a
number of animal studies and several human studies.

Effects on colour vision Effects on colour vision discrimination has belemonstrated in several
human studies.

Neutotoxicity: Several different kinds of investigations have edgd neurotoxic effects of styrene
in both experimental animals and in humans. Styoases irreversible changes in the central
nervous system of animals as documented in a sulztaumber of papers reviewed in the EU-
RAR.

The types of effect observed following exposurstywene are all considered as being “significant”
according to the classification criteria and tHsi$OT RE 1 is warranted.

According to Annex 1: 3.9.1.4Assessment shall take into consideration not aigyificant

changes in a single organ or biological systemdisid generalised changes of a less severe nature
involving several organs.”

Thus, the criteria emphasise the importance toidenthe whole scale of effects for styrene, not
only individual studies.

4.8.3 Conclusions on classification and labelling of repded dose toxicity findings relevant
for classification as STOT RE

Styrene produces a number of serious health efédies prolonged exposure by inhalation in
experimental animals and in humans. The exposusetsiénducing neurotoxicity in humans are in
the same order of magnitude as the exposure lendsing neurotoxicity in animals; however, for
ototoxicity and colour vision discrimination thepmsure levels inducing these effects in humans
seem to be a factor of 10 lower than in animalseflaon the available human data and support
from animal data, a classification as STOT RE Wasranted for styrene.

Although there are some indications of neurototieats in the rat following repeated oral dosing
of styrene, a classification is not justified fdrist exposure route. No repeated dermal toxicity
studies are available; however, systemic toxicallofving dermal contact with styrene is not
expected. Therefore, a classification as STOT R&vifl) the hazard statement H372 “Causes
damage to the nervous system through prolongeepaated exposure via inhalation” is relevant.
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RAC evaluation of specific target organ toxicity (CLP) - repeated
exposure (STOT RE) and repeated dose toxicity (DSD)

Summary of the Dossier submitter’s proposal

The present proposal concerns one of the endpoints previously agreed at TC C&L i.e.,
repeated dose toxicity (CLP STOT RE 1; H372 “Causes damage to the nervous system
through prolonged or repeated exposure by inhalation” and DSD Xn; R48/20 “Harmful:
danger of serious damage to health by prolonged exposure through inhalation”).

Styrene is a transitional substance and was discussed in the TC C&L group prior to the
transfer of responsibility for classification and labeling to ECHA. At a TC C&L meeting in
September 2007, it was agreed to classify with R48/20 (equivalent to STOT RE 1 under
CLP) for repeated dose effects.

The key supporting studies are summarised below (copied from the Danish proposal).

Ototoxicity: Styrene-induced chronic impairment of auditory function has been
demonstrated in a number of animal studies and several human studies. This has been
substantiated by morphological evidence of hair cell loss in the rat cochlea as well as
by functional investigations in humans. The available data suggest that humans are
sensitive to this effect and that styrene is more potent than toluene.

Effects on colour vision: Several human studies show that low-level exposure to
styrene (< 50 ppm) may impair colour vision. Some of the human studies may have
underestimated the risk because some individuals were exposed to very low levels of
styrene (< 8 ppm). Some studies argue that the effect is reversible, but scientifically
this has not been documented. ACGIHi as well as several other Occupational TLVii-
authorities have reduced the TLV of styrene to 20 ppm because loss of colour
discrimination was considered to be a serious effect.

Neurotoxicity: Several different neurotoxicological investigations (including e.g., EEG,
peripheral nerve conduction velocity, and ototoxicity) have been performed in both
experimental animals and in humans. Styrene causes irreversible changes in the
central nervous system of animals as documented in a substantial number of papers
reviewed in the EU-RAR.

The proposed classification is STOT RE 1, with the hazard statement H372 “Causes
damage to the nervous system through prolonged or repeated exposure via
inhalation”.

Comments received during public consultation

Industry stakeholders submitted several published studies that had not been included
in the CLH dossier. These studies added useful information, but were not considered to
affect the interpretation of findings described in the overall database. A general
comment expressed by industry was that although the proposal draws on the studies
already evaluated in the EU RAR, the dossier submitter has omitted relevant qualifying
comments and negative criticism of studies important for their proposal. RAC has

I American Conference of Governmental Industrial idpigsts

i Threshold Limit Value
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therefore also considered the detailed industry comments and consulted the EU RAR.

All comments received on repeated dose toxicity were in support of classification with
STOT RE 1 based on the evidence of ototoxicity. However, industry did not agree that
effects on colour vision supported this classification, because (for example) two recent
studies have not found any effects on colour vision in exposed workers (Seeber et al.
2009, Vyskocil et al. 2012). Industry is of the view that even if changes in colour
discrimination were caused by styrene, these changes were reversible and so slight
that they cannot be considered adverse health outcomes of styrene exposure.

Assessment and comparison with the classification criteria

Key data and arguments that are relevant to the proposal

Clear evidence of ototoxicity has been seen in 10 repeated dose toxicity studies at
concentrations of 600 ppm (2598 mg/m?) and above, where rats were exposed to
styrene by inhalation. The evidence includes findings of hearing loss in the mid-
frequency range (10-20 kHz) and histopathological evidence of destruction of the outer
hair cells of the cochlea.

One study compared the effects in active and resting rats, and found that styrene-
induced ototoxicity tends to occur at lower exposure concentrations in active than in
resting rats (presumably because of higher systemic exposure at the higher ventilation
rate). Styrene-induced ototoxicity has also been studied in the absence or presence of
noise, and the findings indicate that simultaneous noise increases the ototoxicity of
styrene.

The effect of styrene on hearing has also been observed in studies conducted in a
number of occupational settings. The occupational co-exposure to other agents
affecting hearing (noise and solvents) decreases the power of the epidemiological
studies. However, the three largest studies on occupational exposure to styrene
indicated effects on hearing at concentrations occurring in these occupational settings,
i.e., below 50 ppm. Thus, there is some evidence to suggest that humans are more
sensitive to the ototoxicity of styrene than rats, and that noise and other ototoxic
solvents may potentiate the ototoxicity of styrene. In conclusion, the RAC finds
ototoxicity to be well documented in rats, and that humans also are likely to be
sensitive to this adverse effect of styrene.

The dossier also refers to effects on colour vision in humans as a basis for the
classification proposal. There are a number of studies in occupational settings on the
effects of styrene on colour vision. It is quite clear that styrene has an effect on colour
vision, decreasing the ability to discriminate colour in humans. Studies submitted
during the public consultation included a meta-analysis study (Paramei et al. 2004)
which, based on the studies available at that time, concluded that there were effects on
colour vision, as well as two more recent studies which did not show such effects
(Seeber et al. 2009, Vyskocil et al. 2012; the latter published and submitted after the
public consultation). Some studies indicate the effect to be reversible, whereas others
indicate the irreversibility of this effect. Although the effect is clear, it is difficult to
judge the extent to which it can be considered adverse.

The proposal also refers to neurotoxicity as a basis for the STOT RE 1 classification, but
as no specific neurotoxicity studies are mentioned in the documents, RAC did not
comment on neurotoxicity in relation to this proposal. However, RAC notes that the
European Commission has acknowledged that styrene exposure above 50 ppm over a
period of 5-10 years may induce chronic encephalopathy in occupationally exposed
humans (Information notices on occupational diseases: a guide to diagnosis; European
Commission 2009), indicating that classification based on neurotoxicity may be
warranted. Due to lack of such data in the CIH dossier, the RAC could not address
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neurotoxicity in the current opinion.

Comparison with criteria and RAC conclusions

The CLP criteria state that a substance should be placed in STOT RE if it causes
significant toxicity in humans or if, on the basis of evidence from studies in
experimental animals, it can be presumed to have the potential to produce significant
toxicity in humans following repeated exposure. Examples of significant toxicity
relevant to this opinion mentioned in the CLP include “significant functional changes in
the central or peripheral nervous systems or other organ systems, including signs of
central nervous system depression and effects on special senses (e.g. sight, hearing
and sense of smell)”.

The RAC is of the view that appropriate studies in experimental animals in combination
with reliable epidemiological studies provide evidence for adverse effects on hearing
(ototoxicity), and that this is a sufficient basis for classification with STOT RE.
Regarding the category, RAC finds that the evidence for ototoxicity occurring in
humans at concentrations below 50 ppm warrant classification in category 1, even
though the concentrations needed to cause ototoxicity in rats would suggest a lower
category. In this case the human data are considered to be more relevant when
deciding on the category, since reliable human toxicity data normally lead to
classification in category 1 (there are no guidance values for human data).

The effects of styrene on colour vision in humans can be viewed as supportive of the
STOT classification, but the degree to which this effect can be considered to be adverse
is difficult to establish based on the proposal. Therefore, RAC does not find that this
effect, as described in the CLH proposal, as such is a sufficient basis for classification.

The proposed classification is STOT RE 1, which is supported by RAC. However, RAC
considers that the hazard statement should be rephrased as follows, since the affected
organs have been clearly identified, and could be affected via different routes of
exposure (at least after oral and inhalation exposure): H372 “Causes damage to the
hearing organs through prolonged or repeated exposure” (corresponding to Xn; R48/20
according to the DSD).

4.9  Germ cell mutagenicity (Mutagenicity)
Taken from the EU RAR (2008) 4.1.2.7.4.

“Summary of genotoxicity

A large number of studies have been published whie aimed to investigate the genotoxic
potential of styrene in humans by examination afots endpoints in styrene exposed workers.
Very low levels of DNA adducts were found in soni@ene exposed workers but it has been stated
that such low levels should be viewed with cautibhere is also some evidence of DNA damage
(SSBs) induced in styrene exposed workers. Botbetieadpoints are indicative of exposure but are
not necessarily associated with heritable effelth® results of several studies on another indicator
endpoint of unclear health significance, SCEs, mld provide evidence of a positive response,
despite these being induced in animals exposedtyeng. There are also many studies
investigating endpoints (gene mutations, chromosab®rations and micronuclei) known to lead
to heritable effects. The number of studies assgsgene mutation is very limited and no
conclusions can be drawn from them. Although 5issidppear to present evidence that styrene
may be weakly clastogenic in humans, there areobist negative studies also. Together with a
lack of evidence of a dose-response relationshigh #ae negative response for induction of
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micronuclei when studied concurrently in two of ghesitive chromosome aberration studies, no
clear conclusion om vivo clastogenicity of styrene in humans can be made.

Overall, given the lack of evidence of consistaglationships between exposure levels and study
outcome, the lack of any consistent profile of emd{s and the absence of information on the
relevance of the types of adducts seen and theimgenic potentiain vivo, there is no convincing
evidence that styrene has shown mutagenic activihumans. Hence, information from studies in
experimental animals and other systems needs ¢orimdered.

The overall picture presented by timevitro assay results available is that at least in somxie te
systems (including Ames testsvitro chromosome aberration studies in mammalian celigiene
does posses some genotoxic potemi&itro. Metabolic activation (presumably to styrene oXide
required for this activity. Styrene has been exheely studied in clastogenicity studies in animals
up to dose levels producing severe toxicity in sarases. There is no convincing evidence of
styrene clastogenicity when the quality of the ®sdand the plausibility of the test results are
considered. Equivocal results were obtained aftggogsure to high doses causing lethality.
However, overall, negative resultsere obtained fromin vivo chromosome aberration and
micronucleus studies in the rat, hamster and thesmdollowing single or repeated exposures to
styrene up to concentrations and/or doses caugistgrsic toxicity, via the inhalation, oral and
intraperitoneal route in the tissues examined (bm@aerow, peripheral lymphocytes, splenocytes
and whole blood). Furthermore, a recently publish@dronucleus test in bone marrow cells of
mice conforming to the current OECD guideline wizady negative.

The general pattern of SCE results in the wide eawnd tissues examined (lymphocytes,
spleenocytes, bone marrow, alveolar macrophaggenegating liver cells) from both the rat and
the mouse following inhalation or i.p exposure tgrene has been positive. However, it is
important to note that, in most cases, concomitimbmosome aberration and/or micronucleus
assays involving the same animals and in some d¢hsesame tissues were carried out and that
negative results were obtained for these indicadbishromosome damage. Therefore, this clearly
reduces the significance of the SCE findings iatreh to mutagenicity.

The binding of styrene metabolites to DNA was Mery and did not indicate any specificity for the
target tissue (mouse lung). Induction of alkaliHalsingle-strand breaks has also been produced
vivo in rats and mice exposed to styrene. Again theifstgnce of these findings is unclear, given
the repeated failure of styrene to demonstrate geuia activity in standard clastogenicity assays.

In summary, the available data suggest that styiremeeakly positive in indicator tests detecting
SCEs, DNA stand breaks and DNA adducts. In contrastin vivo UDS test performed in
accordance with international guidelines did noes a genotoxic effect of styrene in mouse liver.

Overall, based on standard regulatory tests, tisen® convincing evidence that styrene possesses

significant mutagenic/clastogenic potentralivofrom the available data in experimental animals.”
4.10 Carcinogenicity

Taken from the EU RAR (2008), 4.1.2.8.3.

“Summary of carcinogenicity

In relation to human studies, several cohort arsg-c@ntrol studies covering workers exposed to
styrene are available. In large, well-conductedist cancer mortality was investigated in the GRP
industry with relatively high exposure to styrem&l ano significant exposures to other chemicals. In
these studies, and in studies in styrene productiorkers, there was no clear and consistent
evidence for a causal link between specific canuentality and exposure to styrene. The increased
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risks for lymphatic and haematopoietic neoplasnsenled in some of these studies are generally
small, statistically unstable and often based dogsaup analyses. These findings are not very
robust and the possibility that the observatiores the results of chance, bias or confounding by
other occupational exposures cannot be ruled ouhd styrene-butadiene rubber industry, several
studies have pointed to an increased risk of caoténe lymphatic and haematopoietic systems.
However, detailed analysis of these data, togetiithrthe general toxicological picture for styrene
and butadiene (see butadiene EU RAR), suggestswihate increases are due to occupational
exposure, it is butadiene, not styrene, that isntioee likely causative agent. In conclusion, based
on human studies, there is no clear and consistetiénce for a causal link between specific cancer
mortality and exposure to styrene.

The carcinogenic potential of styrene has beenoeaglin rats and mice, using the inhalation and
oral routes of exposure. A carcinogenic effecttgfene towards the lung is evident in the mouse.
This has been shown in a well-conducted lifetimbealation study in CD1 mice at exposure
concentrations of 20 ppm styrene and, somewhat less convincinglgnioral study in mice of the
BGCSFl strain. The inhalation study, which included extemshistopathological examination,

showed that the tumours (prevalently adenomas) wexeeded by cytotoxicity characterised by
early Clara cell toxicity followed by progressiveohchiolar epithelial hyperplasia and bronchiolar-
alveolar hyperplasia.

In the rat, styrene has not exhibited any clead@we of carcinogenic potential by the inhalation o
oral route. In individual studies there have besfated findings of statistically significantly higr
incidences of various particular tumour types imrtipalar groups of styrene-treated animals,
compared with the in-study controls. However, tindifigs have been within historical background
ranges, not reproducible between studies, in somseschave not shown an upward trend with
increasing dose, and have not been associatecewidbknce of underlying styrene-induced changes
at the site in question.

On the question of the relevance of the mouse tungurs for human health, consideration of the
available toxicokinetic information and data fromgle and repeated inhalation exposure studies in
experimental rodents suggests the following asrbst plausible toxicological mechanism for the
mouse lung tumours. Styrene is metabolised by bytmoe P450 enzymes in the metabolically
active Clara cells (non-ciliated bronchiolar epiidle cells involved in the metabolism of
xenobiotics, but also in the secretion of surfaistaand in the renewal process of the bronchiolar
epithelium) of the bronchiolar epithelium of the mse, producing cytotoxic metabolites of styrene
including styrene 7,8 oxide (SO) and oxidative rhelies of 4-vinylphenol (4-VP). These
metabolites cause early Clara cell toxicity/deatid asustained regenerative bronchiolar cell
proliferation which, in turn, leads to compensatbrgnchiolar epithelial hyperplasia and ultimately
tumour formation. Clara cell toxicity could also beconsequence of the long term depletion of
glutathione, because of conjugation with SO. Gexiotty of SO (an EU-category 2 and IARC
group 2A carcinogen) or other reactive styrene bwdi@s is unlikely to be involved in tumour
development as minimal binding of styrene metabslib DNA has been detected in mouse lung
with no species- or tissue-specificity.

All of the key events of this postulated mode aiactare less operative in the non-responsive rat
(which does not develop lung tumours at exposure@atrations up to 1000 ppm) and even less
operative in humans.

The number of Clara cells (being responsible fahkibe formation of toxic metabolites and the

target for their toxic action) is very low in hunsaneven less than in rats. While Clara cells
comprise about 85% of bronchiolar epithelium in enand 25% in rats, in humans such cells are
rare.
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Although the enzymes CYP2E1 and CYP2F2 requiredhfierformation of the Clara cell toxicants
such as SO (including the highly pneumotoxic R-#&oamer) and the downstream metabolites of 4-
VP have been detected in human lung, their acwiéire low (at least 400 times lower than in the
mouse) and metabolic activation of styrene to S@irgmal or undetectable.

In human lung, detoxification of SO (if formed dt s human pulmonary tissue) takes place
predominantlyia epoxide hydrolase (located on the endoplasmaticutatn in close proximity to
the toxifying cytochrome P450s). The close proxymif the “detoxifying” enzymes to any
“toxifying” enzymes ensures the efficient removdl any toxic metabolites. Rodents use both
epoxide hydrolase and glutathione-S-transferasietification pathways with the mouse relying
on glutathione conjugation more so than the rat.ghgathione S-transferase is located in the
cytosol, this makes this detoxification pathwayslefficient than the epoxide hydrolase pathway. In
comparison to the rodent species, in humans, SOxifieation proceeds nearly exclusively via
epoxide hydrolase and glutathione S-transferaseuats for only 0.1% of SO detoxification.
Taking account both of the toxification to SO atsldetoxification, PBPK-modelling has shown
that the SO content of human lungs is very snidlgre is any.

Formation of 4-VP and its downstream metabolitesicg at a far higher extent in mouse lung than
in rat (14-79% of the mouse concentrations) or huitnag (1.5-5% of the mouse concentrations).
Although it cannot be ascertained whether or nes¢hspecies differences in the formation of 4-VP
metabolites in the lung may be a reflection ofdifeerent numbers of Clara cells (the metabolically
active lung cells) present in the different specsasce 4-VP metabolites are produced by the same
cytochrome P450 enzymes involved in the productdrs8O, it is most likely that the species
differences in the formation of 4-VP metabolites@lved reflect species differences in metabolic
capability.

As indicated by PBPK-modelling, glutathione dematicaused by SO does not occur in humans.
Also, as reactive downstream metabolites of 4-\@farmed in human lung only to a very small
extent, the 4-VP metabolic pathway is not expettedause any glutathione depletion in human
pulmonary tissue.

There is no evidence from extensive epidemiologinakstigations that long term exposure to
styrene has produced lung damage or lung candemirans.

Hence, overall, the weight of evidence appearsntbcate that the consequences of long term
exposure to styrene in mouse lung cannot be réptica the human situation at relevant levels of
exposure. Although there are still some uncertsnin this postulated mode of action and in its
relevance to humans, namely the lack of data on réiative rates of 4-VP metabolites
detoxification in different species, no alternatmedes of action that logically present themselves
can be supported by as significant a body of evidess the one presented in this assessment.
Consequently, it is felt that the level of confidenin the postulated mode of action can be
reasonably high and that, in view of the extensiggative lung epidemiology, it is reasonable to
conclude that the lung tumours seen in mice ankelglto be of any relevance for human health. A
more detailed analysis (according to the IPCS fraonk for evaluating a mode of action in
chemical carcinogenesis) of the evidence in suppbthe proposed mode of action and of its
relevance for human health is presented in Annéx this document.

The carcinogenicity of styrene was evaluated by CAIRR 2002. Styrene was considengaksibly
carcinogenic to humangGroup 2B). The Working Group concluded that basedmetabolic
considerations, it is likely that the proposed naggbm involving metabolism of styrene to styrene
7,8-oxide in mouse Clara cells is not operativéiiiman lungs to a biologically significant extent.
However, based on the observations in human wonlegrarding blood styrene 7,8-oxide, DNA
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adducts and chromosomal damage, it cannot be edltidat this and other mechanisms are
important for other organs.

In the Rapporteurs view, pointing to a possible carcinogenic potdrifestyrene in other organs is
highly speculative as: a) Several large cohorte@as®-control studies of workers exposed to styrene
have shown no evidence for a causative associbtween styrene exposure and cancer in humans
at any site; b) No consistent evidence for styneweiced toxicity in any organ has emerged from
studies of exposed workers; c) The level of DNA dgmfound in workers exposed to styrene is
very low (10-fold lower than that produced by enelogusly-generated genotoxic substances such
as ethylene oxide) and thus cannot be considerdx tof any relevance for subsequent tumour
formation. Mechanistic studies have shown thatestgroxide (SO) and its genotoxicity are not the
driving force for lung tumour formation in mice etlonly experimental tumour site observed so far.
Furthermore, DNA adducts in animals after styrexggosure do not show any specific species or
target organ relationship. For example, there igxmess of SO-adduct formation in tissues where
SO is formed (e.g. in the liver) at high levels;Gyromosomal damage caused by styrene exposure
in humans is far away from being conclusive. Althlolb studies appear to present evidence that
styrene may be weakly clastogenic in humans, thez€ll robust negative studies also. Together
with a lack of evidence of a dose-response relalifmand the negative response for induction of
micronuclei when studied concurrently in two of ghesitive chromosome aberration studies, no
clear conclusion o vivo clastogenicity of styrene in humans can be madgh&umore, at much
higher exposures such effects were not observegparimental animals.”

4.11 Toxicity for reproduction

4.11.1 Effects on fertility
Taken from the EU RAR (2008), 4.1.2.9.2

“In an OECD- and GLP-compliant two-generation rejuction toxicity study, the effects of
styrene on reproductive performance and fertiligrevevaluated (Unpublished, Stomp et al., 2003;
Cruzan et al.,, 2005a). Included in the study wasassessment of the potential developmental
neurotoxicity of styrene in thezlaeneration (Cruzan et al., 2005b). 25/sex/groua@m-Dawley

rats were exposed for 6 hours daily to either ckaaor styrene vapour in a stainless steel anskgla
whole-body inhalation chamber. Styrene concentnatiwere 50, 150 and 500 ppm (216.5, 649.5,

and 2165mg/r$). Reproductive performance (i.e. mating behavena fertility), gestation length,
litter data (number of pups, sex ratio), postnatavival, sperm evaluations and primordial follicle
counts were not adversely affected by styrene expoacross the generations. The mean length of
the estrous cycle in the high-exposure femaleshefFB generation was shorter (4.2 days) and

differed statistically from that of controls (5.8y$). However, the value was similar to the
laboratory’s historical control mean value (4.3 slagnd within the historical control range (4.1-5.1
days) and not affected in subsequent generatiossce] it is not considered to be exposure-related.

A 3-generation study in conjunction with a 2-yeantinuous-exposure study has been conducted in
the Sprague-Dawley derived rat (Beliles et al, 198%yrene was administered in drinking water at
0, 125 or 250 ppm. Consumption of styrene was estichto be 14 (males) or 21 (females)
mg/kg/day at the higher dose level. To produgpdbs, 10 males and 20 females were mated from

i ESR Rapporteur.
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each group approximately 90 days after initiatibthe study. At weaning,leups were randomly
selected to be mated to produce tgge‘neration and were treated as before up to alddutiays,
and then mated as before to produce 3f;gﬂ&\lfreration.

Only minor general toxic effects (slight but sigognt reduction in bodyweight in the0 females

after 2 years) were observed. There were no tredtretated effects on reproduction apart from a
slight and not statistically significant reductionthe proportion of L:females producing litters at

250 ppm (75% compared with 86% in controls and 26%25 ppm); there was no evidence of such
an effect in the (fand Flgenerations. Overall, this was a poorly designadysbecause higher dose

levels could have been used. Hence, although nwegedsults were obtained, they do not provide
adequate reassurance of an absence of potenitiapéor fertility for styrene.

Three studies by the same authors (Srivastava, di9%82, 1989 and 1992b) have reported testicular
damage in rats at 200 and 400 mg/kg/day styrere gsetion 4.1.2.6 for further details of these
studies). However, a number of methodological weakas in the conduct of these studies put into
guestion the reliability of these findings. It is@noted that in earlier repeated oral studiesiand
well conducted 2 year inhalation studies in rateqiivalent and higher doses than those used by
Srivastava et al, no testicular changes or indiaatiof any testicular effects were observed. Also,
no effects on the testis and fertility parameteasehbeen observed in a recent well-conducted
OECD- and GLP-compliant rat inhalation 2-generastudy with exposures up to 500 ppm300
mg/kg/day) styrene. Therefore, despite these iddadi publications by the same authors reporting
testicular damage, the weight of evidence indicttasstyrene is not a testicular toxicant.

No evidence of any adverse effects on the femalead® has been reported in several well
conducted carcinogenic and chronic toxicity studredoth rats and mice exposed via btile
inhalation and oral routes to dose levels givisg tio clear evidence of toxicity and death. Nosign
of effects of the gonads have been reported innttiimhalation studies in rabbits, guinea pigs or
dogs at exposure concentrations giving rise tccttyk{see section 4.1.2.6).

Summary of animal studies investigating potential #ects on fertility

A well-conducted two-generation inhalation studyrid no effects on fertility and reproductive

3
performance in rats exposed to up to 500 ppm (248Pm ~ 300 mg/kg/day) styrene, a
concentration causing parental toxicity (degenenatf the olfactory epithelium and reductions in
body weights).

From the other relevant studies available, theneoigonvincing evidence that styrene can impair
reproductive performance, produce testicular toxigperm abnormalities or adversely affect the
reproductive organs. Thus, taken together, the @alzddable indicate that styrene does not have the
potential to impair fertility and reproductive panfnance in animals.”

4.11.2 Developmental toxicity

The most recent EU Draft Risk Assessment Repostynene Draft January 2006EU-RAR
2006) has formed the basis for the descriptiomefdevelopmental toxicity studies. However, the
evaluation of the selected key studies has beerdu@s the original references.

IV Section 4.11.2 has been prepared based on theRJ2R06 draft version and discussed at the TC C8&ptember
2007. No changes in the text later.
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An overview of the relevant studies performed fevelopmental toxicity on styrene is shown in
the table below:

Species | Route * Dose Exposure Exposure Observations and Remarks Ref. No.
mg/kg/day time period:
ppm (h/day)
** Conc.
(mgll)
Rats (14, | Whole- 0 ppm, 50 ppm, | 6 hr/day GD 7-21 No signs of maternal toxicity Kishi et al.
3, 7/dose | body 300 ppm (O, 1992,
) (Mol: inhalation |0.21, 1.26 No treatment-related deaths of Kishi et al.
WIST) mg/l). pups 1995

Pup body weights statistically
significantly reduced on day 1 (8-
11% at 50 and 300 ppm), on
21post-partum (19 and 15% at 50
and 300 ppm respectively) and in
females only on day 77 post-
partum (8 and 7% at 50 and 300
ppm respectively), but not on day
125 post-partum.

No significant difference in brain
weight. Statistically significant
decreases in certain brain
neurotransmitter levels (e.g.
serotonin) at 300 ppm.

Pre-weaning development:
Statistically significant effects on
the mean litter day of eye-opening,
righting reflex attained, auditory
startle reflex and incisor eruption at
300ppm (delays < 2days compared
to control). Statistically significantly
delayed neurodevelopment
(pivoting, bar holding, surface
righting) at 300 ppm. No effects on
cliff drop avoidance or negative
geotaxis.

Post-weaning:

Rotarod performance significantly
affected at 300 ppm on day 30 and
60 indicating neuromotor effects;
no effect on day 120.

Spontaneous activity significantly
increased on days 30-31 and 60-61
at 300 ppm; no effect on days 127-
128.

No effects on barbiturate sensitivity
and no histopathological findings
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Species | Route * Dose Exposure Exposure Observations and Remarks Ref. No.
mg/kg/day time period:
ppm (h/day)
** Cconc.
(mgll)
(in dams or pups).
In summary, decreased pup body
weight, delayed pup
neurodevelopment and behavioural
effects at the age of 1 and 2
months is reported. However, the
number of litters was small,
especially in the neurobehavioural
studies, and no firm conclusions
can be drawn based on this study
alone.
Rats (9- Whole- 0 ppm, 50 ppm, | 6 hr/day GD 6-20 No effect on number of live Katakura
14 body 300 ppm (O, offspring per litter. et al.
pregnant | inhalation 0.21,1.26 1999,
females mg/l). Two Katakura
per control groups: o o ] et al. 2001
group) a pair-fed Statistically S|gn|f|caqt reduction (by
WIST) matched with values) in food consumption in

the 300 ppm
exposed
animals and a
group fed ad
libitum

dams exposed to 300 ppm. Slight
reduction (by 8 and 4% of the ad-lib
control and pair-fed control value
respectively) in body weight gain in
dams exposed to 300 ppm; not
statistically significant.

Statistically significant increase in
neonatal death in the 300 ppm
group (7.3%) compared to both
control groups (1.2% and 1.3% in
ad lib and pair-fed respectively).
Analysis based on litters was not
statistically significant, indicating
that the increase may be due to a
high rate of death in one or a few
litters

Offspring body weight at birth
unaffected, however by day 21
post-partum a statistically
significant reduction in body weight
in males pups at 300 ppm (by 8%
of the pair-fed controls), suggesting
that the effect is related to styrene
exposure and not to food intake.

Offspring cerebellum brain weights
similar across groups on day 0 and
day 21 post-partum. Cerebrum
weights statistically significantly
lower (by 13%) on day 0 and 21 at
300 ppm compared with ad libitum
fed controls but similar to pair-fed
controls suggesting that the effect
was related to reduced food intake.

Neurotransmitter analyses on days
0 and 21 post-partum showed
statistically significantly decreased
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Species

Route

* Dose
mg/kg/day
ppm

** Conc.
(mgfl)

Exposure
time
(h/day)

Exposure
period:

Observations and Remarks

Ref. No.

levels of some neurotransmitters
(homovanillic acid, 5-
hydroxytryptamine and 5-
hydroxyindoleacetic acid) at 300
ppm. 5-hydroxytryptamine levels
similar to pair-fed controls,
suggesting that the effect was
related to reduced food intake.
Levels of homovanillic acid and 5-
hydroxyindoleacetic acid
decreased compared to both
control groups suggesting that
these effects were related to
styrene exposure.

No effects on the levels of
dopamine, 3,4-dihydroxyphenyl -
acetic acid, 3-methoxytyramine,
and norepinephrine

Delayed eye-opening, incisor
eruption and air righting-reflex at
300 ppm compared to both control
groups, suggesting that the effect
was related to styrene exposure.

Surface righting-reflex and ear-
opening unaffected.

Mice (18-
19 mated
females/d

ose) (Mol:

ICR)

Whole-
body
inhalation

0, 2, 20, 100
ppm (O,
0.0087, 0.087,
0.433 mgl/l)

Continuously

GD 0-15

No adverse effects in non-pregnant
females exposed to styrene under
the same conditions.

Dams at 100 ppm showed signs of
hyper-activity and reduced body
weight gain (45% lower than
controls). There were no
mortalities.

No effects on the number of
implantations, resorptions, or live
foetuses.

Reduced placental weight (18%)
and fogtal weight (25%) at 100 ppm

(Ninomiya
et al,
2000)

Rats (6/3
litters per

group)

Oral

0, 200 mg/kg

see ->

GD1-Parturition

After parturition
4 groups :
control dams
and their
natural pups;

No overt signs of maternal toxicity
No effect on number of pups per
litter or pup body weights

No evidence effect on protein
content of the striatal region of the

Zaidi et al,
1985
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Species | Route * Dose Exposure Exposure Observations and Remarks Ref. No.
mg/kg/day time period:
ppm (h/day)
** Cconc.
(mgll)
styrene- brain
exposed dams
and their
?;é:{:ligrl: F;Snd Pups exposed durg!ng gestation
lactation o_nly:_ no effect on “H-spiroperidol
exposure); binding
;ggt;g;?eell’r;ds in | Pups exposed during gestation and
utero styrene- lactation og during lactation only:
exposed pups binding of "H-spiroperidol
(gestational statistically significantly increased
exposure only): compared with controls (both by
styrene- 20-26%). Furtger an.aly3|s. revealed
exposed dams the mcreased H-splroperldol
and fostered binding was due to an increased
unexposed number of dopamine receptors;
pups the_rg was no change in binding
(lactational affinity.
exposure only).
Treatment of
pups and dams | p;ns exposed during gestation and
continued . | lactation, or during lactation only:
accordingly until | gjgnificant increase in
week 3. amphetamine-induced locomotor
activity and apomorphine-induced
stereotypy.
Rats Whole- 0, 50, 150 and | 6hr/day Fo : 10 weeks Parental animals, Fo and F1, 500 Unpublish
(25/sex/gr | body 500 ppm (O, prior to mating | ppm: degeneration of the olfactory | ed, Stump
oup) inhalation | 0.2165, 0.6495, and throughout | epithelium lining of the nasal cavity etal,
(Sprague- and 2.165 mg/l) two weeks of at 500 ppm; incidence and degree 2003;
Dawley) mating. less pronounced in F; than Fo . Cruzan et
al., 2005a,
The females Body weight of males statistically Cruzan et
during gestation | significantly reduced by 7-8% (Fo) al., 2005b

and lactation,
except from
gestation day
21 to lactation
day 4, when
styrene was
administered in
olive oil by
gavage at dose
levels of 66,
120 and 300
mg/kg/day
(divided into 3
equal doses
approx. 2 hours
apart).

F1: From PND
22 and followed
same protocol
as Fo
generation.

and 8-13% (F1) and in females by
7-8%.

Body weights during gestation
reduced by 5% (not statistically
significant) in Fo and by 6-7%
(statistically significant) in F1

Parental animals, 150 ppm: body
weight of males statistically
significantly reduced by 6-7%. No
statistically significant effects on
body weights in females, although
reductions of up to 5-6% in F;
females during the study including
gestation.

Water consumption during
gestation and lactation: statistically
significantly increased during
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Species

Route

* Dose
mg/kg/day
ppm

** Conc.
(mgfl)

Exposure
time
(h/day)

Exposure
period:

Observations and Remarks

Ref. No.

F2: not directly
exposed

gestation in 150 and 500 ppm F;
dams (by 11-14% and 20-24%
respectively) and in 500 ppm Fo
dams (by 13-24%).

No effects on pre-weaning body
weights of F1 pups (PND 1-21).
Body weights of 500 ppm F1 pups
decreased (by 7-7.6%, not
statistically significant) during the
post-weaning period (PND22-28)
and body weight gain statistically
significantly lower (by 11%).

Delayed (approx. 2 days) preputial
separation in 500 ppm F1 males.

Statistically significant, exposure-
related decreases in body weight of
10-13% and 7-10% in 500 ppm and
150 ppm in F2 pups respectively in
pre-weaning period (PND 0-21).
Reductions in body weight of 500
ppm F2 pups continued throughout
post-weaning period even though
exposure had stopped.

No macroscopic findings
attributable to exposure evident at
necropsy. Statistically significant
reductions in mean absolute
pituitary gland weight in 500 ppm
F> male pups (by 34%) and in 150
and 500 ppm F, female pups (by
19% and 24% respectively). Mean
relative (to final body weight)
pituitary gland weight statistically
significantly reduced in 500 ppm F;
male pups (by 22%).

Attainment of pre-weaning
developmental landmarks (pinna
detachment, surface righting
response, incisor eruption and hair
growth) and acquisition of preputial
separation delayed in 500 ppm F»
pups.

Statistically significant reduction in
forelimb grip strength (by 24-28%
of the control values) in both sexes
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Species

Route

* Dose
mg/kg/day
ppm

** Conc.
(mgfl)

Exposure
time
(h/day)

Exposure
period:

Observations and Remarks

Ref. No.

on PND 60 in 500 ppm F; offspring.

Hindlimb grip strength reduced by
18% in males on PND 45.

No effects on PND 22.

Grip strength has been related with
body weight. Thus, the reduction in
forelimb grip strength observed on
PND 60 might be a consequence of
the reduced body weight seen in
these pups. An estimation of the
reduction in grip strength per 100 g
body weight using mean group
values show that styrene induced a
17-24% reduction of grip stregth
after correction for body weight.
Consequently, the reduced grip
strength is (mainly) a consequence
of the styrene exposure.

The “normal” age-related pattern of
motor activity (increases PND 13-
17 and decreases PND 17-21)
slightly shifted in 500 ppm pups:
activities of both sexes lower, but
not statistically significantly
different from control group at PND
13, rose at PND 17, did not return
to control levels at PND 21. Activity
in both sexes similar to control
group by PND 61.

No exposure-related effects on
startle Response

At PND 24, mean time to escape in
straight channel swimming trial
(day 1) statistically significantly
increased in 500 ppm male
offspring (by 38%) and an increase
of similar magnitude but not
statistically significant in females of
the same group.

No difference in straight channel
swimming trial at PND 62.
However, the decreased swimming
ability at PND 24 cannot be
interpreted as a "temporary” effect
based on this, because the
sensitivity at PND 62 may likely
have been too low. This view is
strongly supported by the positive
control data (appendix G), as both
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Species | Route * Dose Exposure Exposure Observations and Remarks Ref. No.
mg/kg/day time period:
ppm (h/day)
** Conc.
(mgfl)

PTU and methimazole did not
induce any effects on swimming
ability at PND 62, but only on PND
21/22.

No exposure-related differences
suggestive of an impairment of
learning or memory ability
observed in either sex at the two
ages tested (PND 24 and PND 62).

No notable differences between
exposed offspring and controls in
neuropathologic evaluations.

4.11.2.1 Non-human information

Rats

In an_ OECD- and GLP-compliant two-generation repaidn toxicity study including
developmental neurotoxicity assessment of thgdferation, the effects of styrene on fertilitgan
postnatal development were evaluated (Stump 2@03; Cruzan et al., 2005a, Cruzan et al.,
2005b). 25/sex/group Sprague-Dawley rats were ecpfg 6 hours daily to either clean air or
styrene vapour in a stainless steel and glass wiamg inhalation chamber. Styrene concentrations
were 50, 150 and 500 ppm (216.5, 649.5, and 2168Mg/

The R generation was exposed for 10 weeks prior to matid throughout the subsequent two
weeks of mating, during which males and femalesifeach group were randomly paired and co-
habited. The females continued inhalation expodurag gestation and lactation, except from
gestation day 21 through to lactation day 4, whgrese was administered in olive oil by gavage at
dose levels of 66, 120 and 300 mg/kg/day (diviaded B equal doses approx. 2 hours apart). This
was done because this period is critical to pupalegical and neuroendocrine development and
hence, there were concerns that stress on thegoigpsgy from the removal of the dams for the 6h
exposure session might have affected pup develdprhieese oral dose levels were chosen (based
on the Sarangapani physiologically based pharmaetiki(PBPK) modelling) to generate peak
blood levels of styrene after each gavage dosectbs¢ly matched the predicted blood level of
styrene from each of the 3 inhalation exposurel¢eve

At weaning on PND 21, offspring (25/sex/group) weredomly selected to constitute the F
generation. Inhalation exposure of theaRimals was initiated on post-natal day (PND) 2@, a
followed exactly the same protocol as for theggEneration. The Fgeneration was not directly
exposed to the test article but was potentiallyosepin uteroand through nursing during PND 0-
21. At weaning on PND 21, 4Q pups/sex/group were selected for post-weaning dpwedntal
landmarks and neurobehavioural evaluation (i.ectional observatory battery evaluations,
locomotor activity, acoustic startle response a&aaring and memory evaluations). No exposure to
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styrene occurred during this period. In additiod Flpups/sex/group were selected for
neuropathological assessment (performed on PNDa21igh included brain weight and brain
dimension measurements, brain morphometric anadyglscentral and peripheral nerve evaluation.

Developmental landmarks (pinnal detachment, sunfigtging response, hair growth, incisor
eruption, eye opening, preputial separation andghahgerforation) were assessed in all the selected
Fiand R pups.

In the by and k parental animals degeneration of the olfactoryheium lining of the nasal cavity
was observed at 500 ppm only. The incidence ancedesf degeneration were less pronounced in
the R generation compared to thgdeneration.

In the 500 ppm groups of both thedhd k generations, the mean body weight of the males was
statistically significantly reduced by 7-8%yjfand 8-13% (b and in females by 7-8%. Mean body
weights of the 500 ppm females during gestatioreweduced by 5% (not statistically significant)
in the iy dams and by 6-7% (statistically significant) ie A dams. In the 150 ppm groups of the
the ky and k generations, the mean body weight of the malessteistically significantly reduced
by 6-7%. There were no statistically significarfeets on body weights in the 150 ppm females of
the ly and k generations, although reductions of up to 5-6%evadrserved in the;Females during
the study including gestation. Overall, there warestatistically significant maternal effects on
body weight at 150 ppm.

Water consumption measured in females during teeatgen and lactation periods only was
statistically significantly increased during gestatin the 150 and 500 ppm groups of the F
generation (by 11-14% and 20-24% respectively)iaride 500 ppm group of the Generation (by
13-24%).

No exposure-related effects were observed on #evpaning body weights of the fups (PND 1-
21). However, the body weights of the 500 ppipups were decreased compared to controls (by 7-
7.6%, not statistically significant) during the peganing period (PND22-28) and the bodyweight
gain in this group was statistically significanlibyver than that of the controls (by 11%). A delay
(approx. 2 days) in preputial separation was oleskiv the 500 ppmjfnales. The correlation
between body weight and preputial separation migéstablished; therefore, the delay in preputial
separation in the 500 ppm fale offspring may have been a consequence dbwer body

weight observed in this group following direct egpce to styrene from weaning to preputial
separation.

Statistically significant, exposure-related decesas body weight of 10-13% and 7-10% were
observed in the 500 and 150 ppm pups of thgeReration respectively throughout the pre-weaning
period (PND 0-21). The reductions in body weightta F, pups in the 500 ppm group continued
throughout the post-weaning period even though sxmgohad stopped. No macroscopic findings
attributable to exposure were evident at necropstistically significant reductions in mean
absolute pituitary gland weight compared to costmére noted in the 500 ppra fRale pups (by
34%) and in the 150 and 500 ppmfémale pups (by 19% and 24% respectively). Alse,mhean
relative (to final body weight) pituitary gland vgéit was statistically significantly reduced in the
500 ppm Emale pups by 22%. The magnitude of the decreadée ipituitary gland weight at 150
and 500 ppm is relatively large and cannot be atsalfor by the reduced body weights in the
high-exposure F2 male pups. Information on the mbgrowth rate of the pituitary gland in fast-
developing organisms and especially its relatignstibody weight development would be useful
for evaluating this effect. However, in the abseattsuch information it is assumed that the
reduced pituitary weight may represent adverseldpmental effects of styrene exposure.
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The attainment of the pre-weaning developmentalrtaarks (pinnal detachment, surface righting
response, incisor eruption and hair growth) andattwpuisition of the preputial separation were also
delayed in the 500 ppm, pups. These effects may be due to the delay intgr@i0-13% reduced
body weights) observed in these pups.

Functional observations incl. grip strength

Detailed functional observatory evaluations wergeased in 20/sex/group on PND 4, 11, 22, 45
and 60. Statistically significant reductions in theslimb grip strength (by 24-28% of the control
values) were found in both sexes of the 500 pprmagomn PND 60. Hindlimb grip strength was also
reduced by 18% of the control value in males omyP&D 45. No effects were seen on PND 22,
which was the earliest age of grip strengths measents.

Grip strength has been related with body weightyi4sen et al., 2003). Thus, the reduction in
forelimb grip strength observed on PND 60 mightdiated to the reduced body weight seen in
these offspring. However, in the Maurissen et &26tudy, the body weight reduction was around
18%, while for styrene, the reduction in body weigh PND 63 was 8.6% in the males and 6.3% in
the females (not statistically significant), i.es$ than half of the body weight reduction in the
Maurissen study. In addition, the grip strength weakiced 17-18% in the Maurissen study
compared to 24-28% reduction in the styrene stuelystyrene induces a more marked reduction in
grip strength.

We have estimated the reduction in grip strengthlp@ g body weight using the mean group
values (see tables below). The results show tiedret actually induced a 17-24% reduction in grip
strength after correction for body weight. Conseqlyethe marked reduction in grip strength
observed in both sexes on PND 60 is mainly a decensequence of the styrene exposure.

Females, forelimb grip strength (FGS) at

Males, forelimb grip strength (FGS) at PND 60 and body weight (bw) on PND 63

PND 60 and body weight (ow) on PND 63 FSG per
FSG per bw FSG 100 g bw
bw |FSG 100 g bw Control 227,1] 522 229,9
Control 361 591 163,7 Styrene 212,7| 374 175,8
Styrene 330 451 136,7 % reduction 6,3 28,4 23,5
% reduction 8,6/ 237 16,5

Motor activity

Motor activity in selected Fpups (20/sex/group) was assessed on PND 13, Iah®61 using a

SDI Photobeam Activity System. The “normal” ageatell pattern of motor activity (increases
between PND 13-17 and decreases between PND 1app&gared to be slightly shifted in the 500
ppm pups: the activities of both sexes were lowet nhot statistically significantly different from
those in the control group at PND 13, rose at PMDUt did not return to expected control levels at
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PND 21. This shift in the age-related pattern otanactivity may be related to the growth delay
seen in this group of animals particularly in tme-preaning stage.

The activity in both sexes was similar to thathed tontrol group by PND 61.

Startle Response

The same animals used in the motor activity assesis(A0 rats/sex/group) were used for the
acoustic startle response test on PND 20 and 6@ tise SR-Lab Startle Response System. No
exposure-related trends were apparent in eitheokary of the exposed groups compared with
controls.

Learning and memory

Twenty rats/sex/group were analysed for learnirdyraemory in the Biel Maze swimming trials.
Using a water-filled eight unit T-maze, animals &egquired to cross from one end to the other of
the maze and escape by locating a platform hiddeenthe water surface. The time taken to swim
across the maze and the number of errors foriall tvere recorded. The evaluation was performed
at two different ages (PND 24 and PND 62) usingfarént set of animals for each age and
consisted of three phases conducted over seveeadang days. The first day of testing (phase
one) involved a straight channel swimming trialigesd to evaluate the animals’ swimming ability
and motivation to escape. Each animal was placadsinaight channel opposite the escape platform
and the time taken to escape recorded. Each amiasaéllowed four trials. Phase two (days 2-6)
trials were designed to measure sequential lealf@agning and short-term memory). Each animal
was allowed three minutes in two trials/day for whays to solve the maze in path A and two
trials/day for three consecutive days to solvertiage in the reverse path (path B). Animals failing
to escape within the allotted time (3 mins) wemaeoged and placed on the escape platform for 20
secs; then removed from the maze. The long-termaneof the animals was probed on day 7
(phase three) by challenging them to solve the nrapath A again. Biel maze data were evaluated
as the mean time to escape over all trials for eathe three phases.

At PND 24, the mean time to escape in the straighhnel swimming trial (day 1) was statistically
significantly increased in the 500 ppm male offisgr{10.58 secs compared to 7.53 secs in
controls). An increase of similar magnitude (11sé8s compared to 7.8 secs in control) was
observed in the females of the same group, bullifference was not statistically significant. An
increase in swimming time around 3 secs may seeafl,dmt this has to be evaluated in relation to
the total swimming time of only 8 sec in the coldra. e. the increase is actually quite marked
(38%). The body weight of the pups was reducedratdi2-14% on PND 28. The absence of clear
knowledge on the relationship between body weight@wvimming ability makes it is difficult to
evaluate whether a 12-14% reduction in body wesglely can explain an increase of 38% in
swimming time. Consequently, it is evaluated thateffect on the swimming ability may be a
direct effect of the styrene exposure.

No difference was seen in the straight channel smvirg trial at PND 62. However, the decreased
swimming ability at PND 24 cannot be interpretecdgemporary” effect based on this, because
the sensitivity of the testing of swimmming abilayPND 62 may likely have been too low. This
view is strongly supported by the positive conttata (appendix G), as the two positive controls
used (PTU and methimazole) did not induce any &ffen swimming ability at PND 62, but only
on PND 21/22. Actually, this means that the endpsivimming ability at PND 62 have not been
validated using positive controls.
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For the subsequent assessments, the mean timeafmeaesas initially relatively high and decreased
throughout repeated testing in the forward pathlligroups. Overall, no exposure-related
differences suggestive of an impairment of learmngiemory ability were observed in either sex
at the two different ages tested (PND 24 and PND 62

Neuropathological evaluations

Ten R, pups/sex/group were randomly selected and subfePfND 21 to brain weight
measurement, morphometry and neuropathologicaliattah of the brain and spinal cord. An
additional 10 Foffspring/sex/group from the 20 used in the evaduabf motor activity were
selected at random and subject on PND 72 to the sauwropathological assessments with the
inclusion of the peripheral tissues. Histologiaadlanorphometric evaluations were conducted only
in the control and 500 ppm groups.

No notable differences were found between the eeghagsimals and the controls in the
neuropathologic evaluations.

Summary

Degeneration of the olfactory epithelium of thealasvity was observed in the 500 ppm group of
the ki and k parental animals. Also, body weights were statdiy significantly reduced during

the pre-mating interval in the 150 ppm males offthgeneration (by 6-7%) and in the 500 ppm
males and females of both thgdhd k generations (by 6-13%). Body weights of femalesndu
gestation were statistically significantly redugbgt 6-7%) only at 500 ppm in the §eneration.

Styrene exposure caused a statistically signifidactease in body weight gain of the 500 ppm F
pups (by 11%) and in body weight of the 150 ppm{0%) and 500 ppmypups (by 10-13%).
Generally, a pattern of developmental delay wadexitimainly in the fat 500 ppm. The delay in
attaining some pre-weaning developmental landm@ikea detachment, surface righting response,
incisor eruption and hair growth), the slight simfthe normal pattern of motor activity, and the
delayed preputial separation around PND 40 maglaged to the reduced body weight of the
animals and may as such represent an indirect €sipreof styrene developmental toxicity
extending several weeks after exposure was stofjmedreduced weight of the pituitary gland, the
decreased swimming ability on PND 24 and especib#yreduction in forelimb grip strength on
PND 60 in both sexes cannot be explained by thecestibody weights and are therefore
considered as mainly a direct consequence of yiners exposure.

Overall, the results of this OECD- and GLP-compliavp-generation reproduction toxicity study
including developmental neurotoxicity assessmeri, @fffspring show that styrene causes
developmental toxicity manifested as a patternesetbpmental delay, including delayed
neurological development, and developmental nenicity effects on post-weaning behaviour,
especially neuromotor function.

In another study, 24 pregnant Wistar rats weregassi to groups and exposed to 0 (n=14), 50
(n=3) or 300 ppm (n=7) styrene vapour whole-body & hours/day on days 7-21 of gestation
(Kishi et al,, 1992 and Kishet al, 1995). The pups of 5 dams at O ppm, 2 dams ppB0and 5
dams at 300 ppm were evaluated in neurobehavistudies over the course of the study. Pups
were examined daily for development (startle refeye opening, incisor eruption and vaginal
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patency). During the pre-weaning phase of the s{ddy 1 to 22) pups were also examined with
respect to surface righting, pivoting locomotioar holding ability, negative geotaxis and cliff dro
avoidance. Post-weaning (days 23 to 120) offspuage examined with respect to open-field
behaviour, motor-coordination, activity, operanh@diioning and sensitivity to barbiturates. Dams
and pups were examined histopathologically (bdaimgs, liver and kidneys): dams at day O
(parturition) and pups on days 21 and 160 postparStatistical analysis was conducted initially
on a litter basis and subsequently on an indivithaals.

No overt signs of maternal toxicity were observddternal body weight gains, gestational lengths
and the number of offspring delivered were comparalith controls. No treatment-related deaths
occurred in the pups of any group. Pup body weiglet® significantly reduced around 8-11% on
day 1 at both 50 and 300 ppm styrene. For the psed for neurobehavioural studies, pup body
weights were statistically significantly reducedoioth sexes on day 21 post-partum (by 19 and 15%
of the control value at 50 and 300 ppm respect)vatyl in females only on day 77 post-partum (by
8 and 7% of the control value at 50 and 300 ppmea&s/ely) but not on day 1 and 125 post-
partum. Brain samples were taken from 10 pups merpgon day 1 post-partum. There was no
significant difference in brain weight but staitstily significant decreases in certain brain
neurotransmitter levels (e.g. serotonin) occurtegb@ ppm.

Statistically significant differences in terms bétmean litter date of eye opening, righting reflex
attained, auditory startle reflex apparent andsimceruption were reported between controls and
the 300 ppm group (delays in each case were <2 aaypared to the control values). With regard
to the neurobehavioural delopment of the preweapupgs, a statistically significantly delayed
development (surface righting, pivoting, bar hotf)izvas reported for the 300 ppm group, while no
differences compared with controls were observedifhdrop avoidance or negative geotaxis.

Rotarod performance was significantly affected@@ Bpm on days 30 and 60 indicating effect on
neuromotor coordination. No exposure related diffiees were seen at the age of 120 days.

Spontaneous activity of pups on days 30-31 and16@#s significantly increased at 300 ppm, but
at the age of 127-128 days there were no differbeéseen controls and styrene-exposed
offspring. No differences in barbiturate sensithaind no histopathological findings (in dams or
pups) were observed in any test group.

Overall, decreases in pup body weight and delapsiindevelopment and in the acquisition of pre-
weaning behavioural characteristics were repondtis study following prenatal exposure to 300
ppm styrene. In addition, behavioural effects idohg indication of neuromotor effects were
reported postweaning at the age of 1 and 2 moHitwsever, the number of litters was small,
especially in the neurobehavioral studies, and equesntly no firm conclusions can be drawn based
on this study alone. No overt maternal toxicity wegorted in this study up to 300 ppm styrene.

In another study by the same workers, groups cf §r&gnant Wistar rats were exposed whole-
body to 0, 50 or 300 ppm styrene for 6 hours/dagays 6-20 of gestation (Katakwgtal 1999

and Katakurat al, 2001). Two control groups were included: a pat-€ontrol group (food
consumption matched with 300 ppm exposed animalsyagroup fed ad libitum. Implantation

sites were investigated for the number of resongti@t parturition all pups were weighed, counted
and examined for external malformations. Eight pogasgroup (4 males and 4 females, where
possible) were selected at random and were léfeteeared by their natural mothers. Two pups per
sex per dam were sacrificed at day O of parturiéiod the prefrontal cortex, striatum, hippocampus,
hypothalamus, cerebrum, cerebellum, and midbrane wssessed with respect to levels of
neurotransmitters (dopamine, 3,4-dihydroxyphenyla@eid, 3-methoxytyramine, homovanillic
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acid, 5-hydroxytryptamine, 5-hydroxyindoleaceticdeand norepinephrine). At day 21 post-partum
4 pups per group (2 males and 2 females) werefisacriand neurotransmitter levels determined.
The remaining dams and pups were sacrificed aRdlgyost-partum and microscopic pathology of
the brain, liver, lung and kidneys conducted. R@sturition, developmental parameters such as
ear-unfolding, eye-opening, incisor eruption amhting reflex were recorded dalily.

The number of live offspring litter were similarrass all 4 groups. A statistically significant
reduction (by up to 21% of the ad-lib control vaua food consumption was observed in dams
exposed to 300 ppm. A slight reduction (by 8 andaf¥he ad-lib control and pair-fed control

value respectively) in body weight gain was alssasted in dams exposed to 300 ppm, but this did
not attain statistical significance.

There was a statistically significant increaseenmatal death in the 300 ppm group (7.3%)
compared to both control groups (1.2% and 1.3%lihbaand pair-fed respectively). However,
analysis based on litters was not statisticallypi§icant, indicating that the increase may havenbee
due to a high rate of death in one or a few litt@&spring bodyweight at birth was unaffected,
however by day 21 post-partum a statistically igaint reduction in body weight was observed
amongst males born to dams that had been expo$&f topm styrene (by 8% of the pair-fed
controls), suggesting that the effect is relatestyoene exposure and not to food intake. Offspring
cerebellum brain weights were similar across alugs at day 0 and day 21 post-partum. Cerebrum
weights were statistically significantly lower (k%) in animals of the 300 ppm group at day 1
and 21 compared with ad libitum fed controls butens&milar to pair-fed controls suggesting that
the effect was related to reduced food intake.

Neurotransmitter analyses on days 0 and 21 posifpahowed statistically significantly decreased
levels of some neurotransmitters (homovanillic abithydroxytryptamine and 5-
hydroxyindoleacetic acid) in animals exposed at 30®, compared with controls. 5-
hydroxytryptamine levels were only reduced when garad to ad-lib fed controls, suggesting that
the effect was related to reduced food intake. Hanehe levels of homovanillic acid and 5-
hydroxyindoleacetic acid were decreased in thed@00 animals compared to both control groups,
suggesting that these effect were related to styeaposure. Levels of other neurochemicals
analysed were similar across all groups.

Delayed eye-opening, incisor eruption and air righteflex were observed amongst pups at 300
ppm compared to each of the control groups sugggesiat the effect is related to styrene exposure
and not to food intake. Impaired air righting-refl@as also seen at 50 ppm. However, this only
attained statistical significance when compareddelib’ controls. There were no statistically
significant differences between the two controlug®, thus the paired-feeding was concluded by
the authors to have no effect on righting reflex@sface righting-reflex and ear-opening were
unaffected.

Overall, decreases in male pup body weight on dagdat-partum and delays in the acquisition of
some developmental landmarks (eye-opening, ine@sgstion, air-righting reflex) were reported in
this study following prenatal exposure to 300 ppyneie. In addition, reduced levels of some
brain neurotransmitters were found on day 0 angdatpartum. Comparisons to a pair-fed control
group sugggest that these effects were relateyriene exposure and not to food intake. No overt
maternal toxicity was reported in this study u@@® ppm styrene in comparison with the ad-lib
and pair-fed controls.

The draft RAR includes another publication on tbhegible neurobehavioural effects of styrene in
rats exposed prenatally from the same group (Bigpeji al, 1989, as described in the styrene
RAR). As both the methods and the results in thiglipation seems quite similar to those reported
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in Kishi et al, 1992 and Kishet al, 1995, it is assumed to be an early publicatiordéipanese) on
the same study. Consequently, the paper from Birgggtial, 1989 is not included here.

Mice

Groups of 18-19 mated ICR female mice were exposhdle body, to 0, 2, 20, and 100 ppm (O,
8.7, 87, 433 mg/f) styrene vapour continuously between days 0 anof §8station (Ninomiyat

al, 2000). No adverse effects were seen in the negrant females exposed to styrene under the
same conditions. At the highest exposure levetitlras showed signs of hyper-activity and reduced
body weight gain (44% lower than controls). Theerewno mortalities. There were no substance-
related effects on the number of implantationsymatons, or live foetuses. Reduced placental
weight was noted amongst animals exposed to 100(ppgan 0.09g compared to 0.11g in controls,
18% reduction). Reduced foetal weight was alsodhatel 00 ppm (mean 0.36g compared to 0.48g
in controls, 25% reduction). Overall, evidence @afrkedly reduced placental and foetal weight were
found at a level of exposure (100 ppm for 24h/degociated with a marked impairment of
maternal growth during pregnancy.

A study is available which was designed principédlynvestigate the effect of styrene on the
dopamine receptors in pre- and postnatally expostsd Zaidiet al, 1985). Pregnant dams
(probably 12 per group) were administered O or @@Zkg styrene in groundnut oil by oral gavage
from day one of gestation to parturition. At paition pups were randomised and litter sizes
adjusted to 8 pups per dam. Animals were then ddv/idto 4 exposure groups each containing 3
litters: group A comprised control dams and theaitunal pups (controls); group B comprised
styrene-exposed dams and their natural pups (gestaid lactation exposure); group C comprised
control dams and fostered in utero styrene-exppsed (gestational exposure only); and group D
comprised styrene-exposed dams and fostered unexkpops (lactational exposure only).
Treatment of the pups and dams was then contineEatdingly until week 3.

Average litter weights and number of pups were ng®w both at parturition and at week 3 post-
parturition. Behavioural studies (not specifiedyevearried out on 8 pups/group at week 3.
Measurements of amphetamine-induced locomotorigcand apomorphine-induced stereotypy
were also taken as parameters of dopamine recggnsitivity. Six pups/sex were then sacrificed
and the brains removed and the corpus striatadestéor assessment of dopamine receptor
binding by measuring the binding #1-spiroperidol, as a specific ligand.

No significant difference in the number of pups lit¢er or in average body weights between

control and exposed pups were observed at eitinerpgoint. No overt signs of maternal toxicity
were observed during the study. No evidence ofsagnyificant treatment-related effect on the
protein content of the striatal region of the bnass observed at dissection. In pups exposed during
gestation only there was no effecttispiroperidol binding compared with controls. Haee in

pups exposed during gestation and lactation onduactation only the binding 6H-spiroperidol

was statistically significantly increased companeth controls (both by 20-26%). Further analysis
revealed the increaséd-spiroperidol binding was due to an increased nemalb dopamine

receptors; there was no change in binding affiriyps exposed during gestation and lactation, or
during lactation only, also showed a significardrease in amphetamine-induced locomotor

activity and apomorphine-induced stereotypy. Thiega suggest that exposure to styrene may alter
brain dopamine receptor levels during maturaticsh @ffiect amphetamine-induced locomotor
activity in the rat.
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4.11.2.2 Human information

Birth weights were analysed in a US study of matheino worked when pregnant in the reinforced
plastics industry (Lemastees al, 1989). There were 819, 154, and 75 pregnancig®ino, low

and high exposure groups. These groups were cohipansage, gravidity and length of education.
A lower proportion of women in the high exposurewgy were from families with income >$15000.
Regression analysis was used to take into accoany fiactors influencing pregnancy outcome
such as age. There was no statistically signifieffiect of exposure to styrene on birth weight. For
the 50 births in a subgroup working in jobs expeédtehave the highest styrene exposures (about
50 ppm), mean birth weight was 4% lower than tbathexposed births after adjustment for other
factors but this finding was not statistically sfgrant.

A range of other epidemiological studies focussinglevelopmental effects have been conducted
but most of these lacked adequate exposure infaymand were too small to be conclusive.
Nevertheless, the studies have been generallyivegatd the available human data provides no
reliable evidence for styrene exposure-related s@veffects in relation to spontaneous abortions,
congenital abnormalities or birth weight, withiretexposure ranges investigated.

No epidemiological studies focussing on delayednaial development or developmental
neurotoxicity effects have been found.

Overall, there is no clear evidence of an effecstgfene on human reproduction, but data are too
limited to exclude the possibility for effects.

4.11.3 Other relevant information

4.11.4  Summary and discussion of reproductive toxicity redvant for classification according
to DSD

Developmental

In the rat, inhalation exposure produced no evidaisignificant effects on conventional
parameters (i.e. malformations, death) assessib@ ifmetus at non-maternally toxic exposure
concentrations of up to 600 ppm styrene. Howeweretbpmental delays postnatally including
delayed neurological development and some indioatod behavioural effects after weaning have
been reported in a number of studies at 300 pprarstyin the absence of maternal toxicity.

In a recent well-conducted OECD- and GLP-compligmto-generation study including
developmental neurotoxicity assessment in F2 dffigpra pattern of developmental delays both
before and after weaning (decreased body weightt&aysl in attaining some pre-weaning
developmental landmarks, slight shift in the noripatern of motor activity and delayed preputial
separation), was evident mainly in thedtips of the high exposure group (500 ppm). In tamidi
decreased swimming abilities on PND 24 and rednostio forelimb grip strength on PND 60 were
found in both sexes. These effects indicate aftecteuromotor functions and are evaluated as
mainly a direct consequence of the styrene expostigmificantly decreased pup body weight
during the lactation period was found at 150 pprthenabsence of maternal toxicity. The results of
this study shows that exposure to 500 ppm styranses developmental toxicity manifested as a
pattern of developmental delays, including delagedrological development, and developmental
neurotoxicity effects on post-weaning behavioupeesally related to neuromotor functions. In
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contrast to the earlier investigations at 300 ptira,exposure to 500 ppm induced some maternal
toxicity (reductions in body weights of 6-7% andydereration of the nasal olfactory epithelium).
However, it is considered highly unlikely that tthevelopmental toxicity is unspecific effects of the
maternal toxicity.

4.11.5 Comparison with criteria relevant for classification according to DSD

Repr. Cat. 2; R61 May cause harm to the unborn chd

According to the classification criteria, sectia@.8.3 ‘Comments regarding the categorisation of
substances toxic to reproduction’, a substancéeagpiaced in Category 2 for developmental
toxicity when*... clear evidence of adverse effects in well cotedistudies in one or more
species.”It is also statedSince adverse effects in pregnancy or postnataldy result as a
secondary consequence of maternal toxicity, redfmed or water intake, maternal stress, lack of
maternal care, specific dietary deficiencies, panmmal husbandry, intercurrent infections, and so
on, it is important that the effects observed stiadcur in well conducted studies and at dose
levels which are not associated with marked mateonacity.”

Classification in category 3 is based on similgeda as for category 2 but may be used where the
experimental design has deficiencies which makedmelusions less convincing, or where the
possibility that the effects may have been dueoto-specific influences such as generalised toxicity
cannot be excluded.

Exposure levels

The classification criteria for developmental tatyi@re evidence based — and do not have to fulfil
specific criteria in relation to effect concentoatilevels.

Classification

As clear evidence of adverse effects has beennmautan a well-conducted OECD- and GLP-
compliant two-generation study including developtaéneurotoxicity assessment in F2 offspring,
and as it is considered highly unlikely that theeelepmental toxicity is unspecific effects of the
maternal toxicity, classification of styrene as evelopmental toxicant in Category 2 with R61
(May cause harm to the unborn child) is warranted.

4.11.6 Conclusions on classification and labelling relevarfor classification according to
DSD

In the rat, developmental delays postnatally inicigalelayed neurological development and some
indications of behavioural effects after weaningéhbeen reported in a number of studies at 300
ppm styrene in the absence of maternal toxicity.

In a recent well-conducted OECD- and GLP-compltam-generation study including
developmental neurotoxicity assessment in F2 afigpa pattern of developmental delays both
before and after weaning (decreased body weightaysl in attaining some pre-weaning
developmental landmarks, slight shift in the norpettern of motor activity and delayed preputial
separation), was evident mainly in thegaps of the high exposure group (500 ppm). Intauidi
decreased swimming abilities on PND 24 and redastio forelimb grip strength on PND 60 were
found in both sexes. These effects indicate afentairomotor functions and are evaluated as
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mainly a direct consequence of the styrene expoSigeificantly decreased pup body weight
during the lactation period was found at 150 pprthenabsence of maternal toxicity. The results of
this study shows that exposure to 500 ppm styranses developmental toxicity manifested as a
pattern of developmental delays, including delayedrological development, and developmental
neurotoxicity effects on post-weaning behavioupeesally related to neuromotor functions. In
contrast to the earlier investigations at 300 pira,exposure to 500 ppm induced some maternal
toxicity (6-7% reduction in body weight and degetiem of the nasal olfactory epithelium).
However, it is considered highly unlikely that #hevelopmental toxicity are unspecific effects of
the maternal toxicity.

Consequently, it is proposed to classify styrena developmental toxicant in Category 2 with R61
(May cause harm to the unborn child).

4.12 Summary and discussion of reproductive toxicity redvant for classification according
to CLP

Please consult the section 4.11.4

4.12.1 Comparison with criteria relevant for classification according to CLP

The classification criteria for hazard categories fieproductive toxicants within CLP are quite

similar to the classification criteria within DSDrhis applies both to the evaluation of

developmental toxicity effects as well as the esbin of the relevance of maternal toxicity. The

main difference is the Hazard statements and tles for the categories where CLP Category 1B is
similar to DSD Category 2.

According to the CLP criteria a substance shoulglaeed in Category 1B Presumed human
reproductive toxicant when “.clear evidence of an adverse effect on sexualifumend fertility
or on development in the absence of other toxextsf or if occurring together with other toxic
effects the adverse effect on reproduction is clamed not to be a secondary non-specific
consequence of other toxic effetts

4.12.2 Conclusions on classification and labelling relevarfor classification according to
CLP

Please see section 4.11.6. It is proposed to fifasgirene in Category 1B Presumed human
reproductive toxicant.

As there is sufficient evidence to conclude thatlagsification is warranted for effects on fetyili
the hazard statement should be noted with a “D”.

There is evidence that a classification for develeptal effects via the oral route is not warranted,
and although there are no dermal investigationsntakgether with the highly volatile nature of
styrene it is suggested to include a specific noantf the exposure via inhalation in the hazard
statement H360D: “May damage the unborn child wésgposed via inhalation”.

The generic concentration limit of styrene if clsd as a presumed human reproductive toxicant
in category 1B in a mixture would be > 0.3%. Agshe is a volatile chemical the need for a
specific concentration limit has been considerdgk donsideration is based on Guidance for setting
specific concentration limits for reproductive toaits within the CLP regulation (EC/1272/2008),
Draft 1, July 2010” from EChA working group on humiaealth guidance for CLPHere it is stated
that“For substances with a saturated vapour pressunecemtration above 130 mgirthe derived
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ED10 should be decreased by a factor covering itpeen inhalative exposure. This factor should
be the ratio of 130 mg/m?3 and the saturated vapoessure concentration of the substance under
consideration when the saturated vapour pressubeisw 2000 mg/frand the ratio of 130 mg/m?3
and a maximum exposure of 2000 mg/m? which is aseglasonable worst case estimate
(Schneider et al) when the saturated vapour comagah is above 2000 mgfriThis results in a
maximum correction factor of 0.065 for rat studies.

As styrene has a very high saturated vapour coratent (ca. 28.000 mg/m3) the maximum
concentration factor of 0.065 for rat studies isdusThe dose level of 300 ppm (1290 mg/m3) has
been used as a surrogate for ED10 and this expteads to around 130 mg/kg bw/day. The
corrected ED10 becomes 130 mg/kg bw/day * 0.06545 ghg/kg bw/day. The guidance suggest
that the border for moving a chemical from the medpotency group with the generic
concentration limit to the high potency group watkpecific concentration limit is below 3-5 mg/kg
bw/day. Consequently, the generic concentratiort lppears relevant for styrene.

RAC evaluation of reproductive toxicity

Summary of the Dossier submitter’s proposal

The present proposal includes classification for developmental toxicity (Repr. 1B; H360D
“May damage the unborn child when exposed via inhalation” according to CLP, and Repr.
Cat. 2; R61 “"May cause harm to the unborn child” according to DSD).

Previous discussions

Styrene is a transitional substance and was discussed in the TC C&L group at a number of
meetings. For reproductive toxicity no agreement could be reached at that time, and the
case was handed-over to ECHAV.

Key supporting studies

In a well-conducted OECD and GLP-compliant two-generation study in rats, which
included developmental neurotoxicity assessment in F2 offspring, a pattern of
developmental delays both before and after weaning (decreased body weights, delays in
attaining some pre-weaning developmental landmarks, slight shift in the normal pattern
of motor activity and delayed preputial separation), was evident mainly in the F2 pups of
the high exposure group (500 ppm). In addition, decreased swimming abilities on post-
natal day (PND) 24 and reductions in forelimb grip strength on PND 60 were found in
both sexes. These data indicate that neuromotor functions were affected and are
assessed as being mainly a direct consequence of the styrene exposure. Significantly
decreased pup body weight during the lactation period was found at 150 ppm in the
absence of maternal toxicity. The results of this study show that exposure to 500 ppm
styrene causes developmental toxicity manifested as a pattern of developmental delays,
including delayed neurological development, and developmental neurotoxicity effects on
post-weaning behaviour, especially related to neuromotor functions. In contrast to the
earlier investigations at 300 ppm, the exposure to 500 ppm induced some maternal
toxicity (reductions in body weights of 7-8% and degeneration of the nasal olfactory
epithelium). However, it is considered unlikely that the developmental toxicity is a non-
specific secondary effect of the maternal toxicity.

Comments received during public consultation

V Follow up Il of the meeting of the Technical Coiitbee on Classification and Labelling in Arona, 28-September
2007 (Ispra, 29 May 2008)
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No new experimental studies specifically addressing the toxicity of styrene were
submitted during the Public Consultation, but industry stakeholders provided extensive
comments, mainly addressing the interpretation of the studies, accompanied by
additional references to published literature to support their arguments. A general
comment expressed by industry stakeholders was that although the proposal draws on
the studies already evaluated in the EU RAR, the dossier submitter has omitted relevant
qualifying comments and negative criticism of studies important for assessing
reproductive toxicity. RAC has therefore also considered the detailed industry
stakeholders comments and consulted the EU RAR. Overall, RAC agrees with industry
that the data are not sufficient for classification with Repr. 1B. Some responses to the
industry stakeholders comments follow here.

Response to comments on effects on pup body weights (pages 25-30 in main
document)

The industry stakeholders noted the following points:

e in addition to the effects on pup body weights, maternal body weights were also
lower relative to controls, although generally not statistically significant,

e due to the variability in pup body weights, the statistically significant effects may still
be chance findings,

« the apparently decreased body weights of the exposed pups are not actually caused
by decreases in the exposed animals but rather are explained by the unusually high
body weights of the control pups,

« with reference to a publication by Piersma et al. (2011), effects seen only in F2 pups
and not in F1 pups must be chance findings,

e decreased pup body weights

o were due to non-specific general toxicity and are not evidence of specific
developmental toxicity,

o may be caused by impaired maternal care, which may be a consequence of
maternal olfactory degeneration and transient narcotic effects,

o are of minor toxicological relevance and not a reason for classification.

The RAC has studied the detailed comments from industry, and agrees that the effects on
body weights in F2 pups are rather small, but also notes that it is consistent in F2 pups
exposed to 500 ppm styrene over time, and larger than the potential effects on the
dams. There are therefore no reasons to not trust the statistical evaluation of the data, or
to speculate on chance findings. One cannot totally rule out that the decreased pup body
weight is caused by impaired maternal care, but on the other hand, there are little firm
data to substantiate that olfactory degeneration or, if occurring, slight transient narcotic
effects could lead to decreased growth of the offspring. The RAC is of the opinion that the
decreased pup growth provides some evidence of developmental effects of styrene.

Response to comments on effects on relative pituitary gland weight (pages 47-
51 in the main document)

The comments from industry stakeholders note:

e the great variability in pituitary gland weights in PND 21 pups, making comparisons of
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weights very uncertain,
« that effects were only noted in F2 pups and not in F1 pups or adult F1 animals,

e that with reference to a publication by Piersma et al. (2011), effects seen only in F2
pups and not in F1 pups must be considered as chance findings,

« that if there is an effect on pituitary gland weight, the effect cannot be regarded as
severe,

« that the lack of histopathological alterations in the pituitary gland raises questions
regarding the relevance of the effect on pituitary weight,

- that if there is a decreased pituitary weight, it is a consequence of non-specific delay
of development and not evidence of specific developmental toxicity.

The RAC has studied the detailed comments, and agrees that the variability of the
pituitary gland weight at PND 21, combined with the fact that the effect only occurs in F2
males, makes the original finding less robust. Because of the magnitude of the effect
(22%) and its possible relationship to a delay of development (the lack of
histopathological findings would support a delayed development rather than pituitary
toxicity), the finding cannot be disregarded. The RAC is of the opinion that the decreased
pituitary gland weight gives some evidence of developmental effects of styrene.

Response to comments on effects on grip strength (pages 42-46 in the main
document)

The comments from industry stakeholders note:

« the large variation in grip strength between animals, making comparisons between
groups very uncertain, exemplified by increased grip strength in the 150 ppm group
at day 45,

e that grip strength is not linearly correlated with body weight over time, making the
body weight correlated conclusions uncertain,

e that the decreased body weight-correlated grip strength might be explained by larger
decreases in body weight at earlier ages than when the grip testing was performed,

« the lack of consistency between results at different time points, as well as in hind-
limb versus fore-limb grip strength data,

« that the data from this study are within the historical control data from that
laboratory

« that the decreased grip strength does not correlate with any histopathological effects,
this leads to a conclusion of doubtful significance of this minor effect, which may
possibly be explained by a non-specific delay in development.

The RAC has noted the lack of consistency between time points, which is a weakness in
the argument for this being a toxicologically significant effect. However, although the grip
strength varies considerably, this is a well-established parameter and it is difficult to
ignore the findings of a statistically significant effect on grip strength. The body weight
correction might not be perfect, but seems sufficiently reliable to draw the conclusion
that the effects on grip strength are larger than the effects on body weight.
Histopathological findings could have strengthened the findings on grip strength, but the
lack of pathology is not a sufficient reason to disregard the grip strength findings. A
comparison with historical control data may be relevant when the effects lie at the
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borderline of biological and/or statistical significance, but the RAC notes that in view of
the magnitude of the effect in this case (24-28% for forelimb grip strength), the
concurrent controls should be given greater weight than historical control data. Overall,
the RAC is of the opinion that the decreased grip strength gives some evidence of
developmental effects of styrene, although not warranting classification Repr. 1B as
proposed by the DS.

Response to comments on swimming trials (pages 36-41 in the main document)
The comments from industry stakeholders note:

e that the increased swimming time in the short swim trial (straight channel; 10 sec) is
of doubtful biological significance considering that there were no effects on swimming
time in the longer swimming trial (time to escape; 50-150 sec),

« that the effect was confined only to the first of four trials,

e that historical control data would indicate an unusually short swimming time for the
control group rather than long times for the groups exposed to styrene,

« that long swimming times can be related to lower body weights.

This led industry to the conclusion that if there is an effect, it has minor toxicological
relevance, and could be caused by a non-specific delay of development associated with
maternal toxicity combined with “chance” variation in data.

The RAC has noted that swimming time was affected only in the short swim and not in
the long swim, but as no mechanism has been identified this is not considered a reason
to disregard the effects. Furthermore, although the effect mainly arises in the first trial,
the data for the first trial is rather convincing as a dose-related effect (approximately 13-
16-17-21 and 15-21-18-24 seconds in males and females, respectively, of the control-
50-150-500 ppm groups. It is likely that swim time correlates with body weight, but the
effects at 500 ppm seems larger than expected based on the observed changes in body
weights. Regarding historical control data, the RAC notes that if the effect would be
caused by unusual control data, statistically significant effects would have been expected
in all the exposed groups and not only in the 500 ppm group. Overall, while accepting
that the data are not entirely consistent, the RAC is of the opinion that the increased
swim time gives some evidence of developmental effects of styrene.

Other stakeholder comments

Very diverging views on this proposal were received, with one Member State and one
Labour Union supporting the proposal, two Member States instead supporting
classification as Repr. 2, one Member State expressing this as being a borderline case
between Repr. 2 and no classification, and two Member States saying that there should
be no classification for developmental toxicity. Those disagreeing with the proposal felt
that the observed effects were not convincing or consistent between endpoints or
generations, being rather mild, and were probably caused by maternal toxicity.

Assessment and comparison with the classification criteria

Key data and arguments that are relevant to the proposal
The proposal high-lights the effects in the two-generation study in rats as the main
reasons for classification. The following findings in offspring are stressed in the dossier;

e a decreased pup growth in F2 offspring at 150 and 500 ppm (7-10% and 10-13%,
respectively),
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« a decreased relative pituitary gland weight (22% in F2 males),
e a decreased forelimb grip strength (24-28%), and
e an increased time to escape in straight channel swimming trials (38% in males).

RAC notes the dose-dependent decrease in pup weights in the second generation
offspring (F2), and although there were some effects on the F1 maternal body weight at
the top dose (reduction by 7-8%), the reduced growth of the pups at the mid dose
supports that this could be a direct effect on the offspring. There were no effects on the
weights of the first generation offspring (F1), even though FO maternal weights were
clearly affected (7-8%).

The relative pituitary weight was clearly decreased in males at the top dose, and of such
a magnitude to indicate this to be an adverse effect even in the absence of any
pathological findings. It has been argued in the PC comments that the large variability in
the weight of the pituitary between animals at PND 21 (but not in adults) makes it
difficult to draw firm conclusions from the mean values observed on PND 21. On the
other hand, if it is the developmental rate of the pituitary that is affected, the lack of
pathological findings may be consistent with the decreased weight. Although this finding
may constitute some evidence of developmental effects, the robustness of this finding is
decreased by the lack of pituitary effects in F2 females (PND 21) or the F1 generation
(PND 21 offspring or adults).

Forelimb grip strength was reduced (24-28%) in both sexes at 500 ppm at day 60 (but
not on days 22 and 45). The magnitude of the effect on day 60 was larger than the effect
on body weight, potentially indicating a neuromuscular effect. However, it cannot be
ruled out that the effect is caused by the decreased growth rate. Hind limb grip strength
was decreased (18%) at day 45, but only in 500 ppm exposed males, and without any
effects on days 22 and 60. Overall, the grip strength tests give some evidence of
neuromuscular effects, but the findings are clearly weakened by only being observed on
one of the three occasions when it was studied, and by the observed effects on forelimb
and hind limb grip strength not occurring on the same occasions. Discrepancies between
effects on fore and hindlimb strength have, however, been reported in other studies
(Maurissen et al., 2003).

Time to escape in straight channel swimming trials is assumed to reflect swimming ability
and motivation to escape. The time to escape was increased by 38% in males of the 500
ppm group at day 24. Effects of a similar magnitude were observed in the females, but
were not statistically significant (information from the EU RAR). Findings of similar effects
on day 62 when it was studied again would have strengthened this observation.
However, the dossier notes that the positive controls PTU and methimazole also only
affected this parameter on day 24 but not on day 62. It is not explained in the dossier
why PTU and methimazole can be considered as “positive controls”.

Observations of delayed development at 300 ppm in the two rat inhalation developmental
studies are referred to as supporting information. RAC notes that in both studies there
are observations of effects on time of eye opening, righting reflex, and incisor eruption,
and that these effects fit the pattern of effects observed in the two-generation study. The
use of pair-fed control dams in one of these studies indicates that the effects are not
caused by a decreased pup growth rate. The two developmental studies have some
methodological deficiencies and can only be used as supportive studies.

Comparison with criteria and RAC conclusions

The CLP criteria state that a substance should be placed in Category 1B ‘Presumed
human reproductive toxicant’, when the data; “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 is considered not to be a
secondary non-specific consequence of other toxic effects. However, when there is
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mechanistic information that raises doubt about the relevance of the effect for humans,
classification in Category 2 may be more appropriate”.

For styrene, there are indications of effects on development but the rather inconsistent
effects (e.g., decreased pup growth in F2 but not in F1, decreased grip strength only at
some time points, and effects on swimming trials at day 24 but not on day 62) cannot
qualify asthe ‘clear evidence’ required by the CLP. Furthermore, some relationship
between decreased pup growth and the other effects cannot be completely ruled out.
Thus, in the opinion of RAC, classification with Repr. 1B, H360 (CLP) is not appropriate.
As the criteria for DSD are very similar to the CLP criteria, classification with Repr. Cat 2;
R61 according to the DSD is likewise not warranted.

The CLP criteria state that a substance should be placed in Category 2 ‘Suspected human
reproductive toxicant’ when the data provide; “some evidence from humans or
experimental animals, possibly supplemented with other information.....on development,
and where the evidence is not sufficiently convincing to place the substance in Category
1. If deficiencies in the study make the quality of evidence less convincing, Category 2
could be the more appropriate classification. Such effects shall have been observed 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
the other toxic effects”.

The generally well performed two-generation study provided some evidence of long-
lasting, delayed pup development, as exemplified by dose-dependently decreased F2 pup
body weights at 150 and 500 ppm (10-13% at 500 ppm), a decreased pituitary weight in
male 500 ppm F2 pups (22%), and decreased grip strength (24-28% forelimb grip
strength) and swimming abilities at 500 ppm. In the weight of evidence assessment
made by the RAC, it has been taken into consideration that styrene did not affect other
parameters studied in the two-generation study. Two developmental studies in rats, in
the absence of maternal toxicity, also indicated a delayed development of newborn pups
(delayed eye opening, righting reflex, and incisor eruption), and decreased pup weights
(8-11% at day 1 and 15% at day 21 at 300 ppm in one study and 8% at day 21 at 300
ppm in the other study) although there are some deficiencies in these studies. There
might be a relationship between decreased pup growth and the other findings, but it is
noted that the effect in the two-generation study on the pituitary weight, and decreased
grip strength cannot be fully explained by the decreased growth rate. The possibility of
the effects being caused by general pup toxicity rather than by specific developmental
toxicity is discussed in the comments, but RAC finds it difficult to distinguish between the
two based on the available data.

Maternal toxicity was also discussed in the comments received during the public
consultation as potentially explaining the observed effects. Maternal effects were only
noted at the top dose (500 ppm) in the two-generation study. They consisted of nasal
toxicity and a reduced body weight gain, such that the final body weights of the females
were 7-8 % lower than control weights in both FO and F1. It is not likely that the
maternal nasal toxicity can explain the effects noted on the pups. Likewise, the reduced
maternal weight gain does not seem to be of a sufficient magnitude to constitute marked
maternal toxicity or to explain the pup effects.

Whether the pup effects were caused by the pre- or postnatal exposure has also been
raised, and it is acknowledged that it is always difficult to determine when such effects
have been initiated. However, in the two-generation study, F2 pup body weights were
reduced already on day 0 (“decreases in body weight..were observed...throughout the
pre-weaning period (PND 0-21"). In the two developmental toxicity studies (where
treatment of the dams stopped prior to birth), pup body weights were reduced and
developmental landmarks were delayed, occurring later during the pre-weaning phase,
indicating that the effects were attributable to the gestational exposure. Placental

78




ANNEX 1 - BACKGROUND DOCUMENT TO THE RAC OPINION ON STYRENE

transfer of styrene has also been shown in mice.

In adult rats, styrene causes ototoxicity (loss of hearing) and toxicity to the nasal
epithelium. In humans, styrene causes hearing loss, affects colour vision and long-term
exposure may also lead to brain damage (chronic encephalopathy). In rat pups, styrene
consistently affects the growth of the pups, resulting in delayed development of the
offspring. There are also indications of neurological/neuromuscular deficits in the
offspring, and although there are inconsistencies in these data, these effects should be
interpreted in the context of the neurotoxic effects of styrene on adult animals. There is
evidence of developmental toxicity noted in three different studies.

Overall, RAC is of the opinion that there is sufficient evidence of developmental effects to
warrant classification as Repr. 2, H361d (CLP).

The criteria also state that if the effects are considered to be of low or minimal
toxicological significance (e.g., small effects on foetal weights, or small differences in
postnatal developmental assessments), classification may not necessarily be the
outcome. The types of effects observed in the styrene studies might initially suggest that
this is a borderline case for classification, but RAC considers that the overall pattern of
long-lasting developmental delays and neurological/neuromuscular deficits fulfill the
requirements for classification with Repr. 2, H361d (CLP). As the criteria for reproductive
toxicity classification under DSD are very similar to the CLP criteria, classification with
Repr. Cat 3; R63, is warranted according to the DSD.

5 ENVIRONMENTAL HAZARD ASSESSMENT
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