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OPINION OF THE COMMITTEE FOR RISK ASSESSMENT
ON A DOSSIER PROPOSING HARMONISED CLASSIFICATION AND
LABELLING AT COMMUNITY LEVEL

In accordance with Article 37 (4) of the Regulati®&C) No 1272/2008 (CLP Regulation),
the Committee for Risk Assessment (RAC) has adoptedpinion on the proposal for
harmonised classification and labelling of

Substance Name:  Perfluorooctanoic acid (PFOA)
EC Number: 206-397-9
CAS Number: 335-67-1
The proposal was submitted Nprway and received by RAC onJanuary 2011

Har monised classification proposed by the dossier submitter:

CLP  Regulation (EC) No Directive 67/548/EEC
1272/2008

Current entry in Annex VI of CLP Regulatign-
(EC) No 1272/2008

Proposal by dossier submitter fpCarc. 2, H351 Carc. Cat 3; R40
consideration by RAC Repr. 1B, H360D Repr. Cat. 2: R61
STOT RE 1, H372 T; R48/23
STOT RE 2, H373 Xn; R48/22, R20/22,
Acute Tox. 3, H331 Xi; R36

Acute Tox. 3, H301
Eye Irrit. 2, H319

Resulting harmonised classification (futyr€arc. 2, H351 Carc. Cat 3; R40
entry in Annex VI of CLP Regulation) gsRepr. 1B, H360D Repr. Cat. 2: R61
proposed by dossier submitter STOT RE 1, H372 T; R48/23
STOT RE 2, H373 Xn; R48/22, R20/22,
Acute Tox. 4, H332 Xi; R36

Acute Tox. 3, H301
Eye Irrit. 2, H319




PROCESS FOR ADOPTION OF THE OPINION

Norway has submitted a CLH dossier containing a propmsggdther with the justification and
background information documented in a CLH reporhe CLH report was made publicly
available in accordance with the requirements ofe thCLP Regulation at
http://echa.europa.eu/consultations/harmonised cl/harmon_cl_prev cons en.asp on 7
January 2011. Parties concerned and MSCAs were invited to stlmomments and
contributions by21 February 2011.

ADOPTION OF THE OPINION OF RAC

Rapporteur, appointed by RAGorbert Rupprich
Co-rapporteur, appointed by RABgnes Schulte

The opinion takes into account the comments of MS@Ad parties concerned provided in
accordance with Article 37 (4) of the CLP Regulatio

The RAC opinion on the proposed harmonised clasgitin and labelling has been reached
on 2 December 2011, in accordance with Article 37 (4) of the CLP Redula, giving parties
concerned the opportunity to comment. Commentswedere compiled in Annex 2.

The RAC Opinion was adopted bgnsensus
OPINION OF RAC

The RAC adopted the opinion thaérfluorooctanoic acid (PFOA) should be classified and
labelled as follows]:

! Note that not all hazard classes have been eealuat



Classification and labelling in accordance with the CL P Regulation (Regulation (EC) 1272/2008)
Classification Labelling
Index | International Chemical | EC No CASNo Hazard Class and | Hazard Pictogram, | Hazard | Suppl. Specific | Notes
No I dentification Category Code(s) state- Signal state Hazard Conc.
ment Word ment statement | Limits,
Code(s) Code(s) Code(s) | Code(s) M-
factors
Carc. 2 H351 GHSO07 H351 - -
Repr. 1B H360D | GHSO08 H360D
Perfluorooctanoic Lact. _ H362 Danger H362
acid (PFOA) 206-397-9 | 335-67-1| STOT RE 1 (liver)| H372 H372
Acute Tox. 4 H332 H332
Acute Tox. 4 H302 H302
Eye Dam. 1 H318 H318
Classification and labelling in accordance with the criteria of Directive 67/548/EEC
Classification Labelling Concentration Notes
Index | International EC No CASNo Limits
No Chemical
I dentification
Carc. Cat. 3; R40| T, Xn - -
Repr. Cat. 2; R61
T; R48/23 R: 40-61-48/23-
Perfluorooctanoic Xn; R48/21/22, | 48/21/22-20/22-41-
acid (PFOA) 206-397-9 | 335-67-1| pon00 64
Xi; R41
S: 53-45




SCIENTIFIC GROUNDSFOR THE OPINION

The opinion relates only to those hazard classashitive been reviewed in the proposal for
harmonised classification and labelling, as suladitiyNorway.

General aspects

The classification proposal for PFOA is restrictedhe assessment of human health hazards.
For PFOA studies on human health hazards are radbbie. The PFOA proposal completely
refers to the classification proposal for its $dRFO which has been extensively tested in a
broad spectrum of toxicological studies.

Referenceto APFO data

Dossier submitter

The dossier submitter states that both substafféSA and APFO) are mainly available to
cells and tissues (with its physiological pH) inrfoof the corresponding carboxylate anion
(PFO). This matter of fact is considered to be kbg justification for directly using the
toxicological data from APFO for the PFOA assesdmen

The dossier submitter indicated that the propos&D [Elassification is identical to the
classification proposal that was concluded by trener TC C&L group in October 2006.

The PFOA CLH report is no stand-alone document.rd@his full reference to the
toxicological information in the APFO document.

Public consultation

There is no comment in the public consultation eddressed or questioned the validity of
directly using the toxicological data from APFO fbe assessment of PFOA.

Some of the comments referred to endpoint-specidéissification proposals. However, these
comments are not specific for PFOA, they relateéhi toxicological APFO data and were
submitted identically in the context of the APFCbpei consultation.

RAC conclusion

RAC takes note of the dossier submitter's propdeakstablish a human health hazard
classification for PFOA that is identical to theresponding classification for its salt APFO.
Testing substances in toxicological studies haveegdly been identified as APFO, but not as
PFOA. The dossier submitter considers the APFO dis¢atly relevant for the assessment of
the systemic and local toxicity of PFOA.

This rationale is supported by RAC. RAC emphasteas both substances share a common
active structure. Both substances will be availablecells and tissues in the form of the
corresponding carboxylate anion.



The main difference between APFO and PFOA is tligalinpH value when coming into
contact with body surfaces. However, it is repottieat both PFOA and APFO vyield acidic
pH values in water; possible differences in thesallpH values at first sight do not question
the validity of the approach for local toxicity aell.

Thus, although the dossier submitter and the TC @&tup did not discuss the possible
impact of different physico-chemical properties BFOA and APFO (e.g. solubility

characteristics) on relative systemic and localicibx in detail, RAC accepts the basic
justification that APFO and PFOA share a commoivaathemical structure (the carboxylate
anion) and supports the dossier submitter’'s prdgosaentically classify PFOA and APFO

for human health hazards.

RAC concludes to use the final APFO classificatimmoposal in order to finalise the
classification proposal for PFOA. RAC recognisest tihhe PFOA dossier is not a stand-alone
document because it does not contain any toxicocédgiata but completely refers to the
corresponding chapters of the APFO document.

Given that RAC concluded that PFOA warrant the salassification as APFO, the rationale
for classifying APFO is included in this opinionAR concludes, as mentioned above, that
the argumentation is valid also for PFOA.

Acutetoxicity

1. Proposal of the dossier submitter

Oral

According to the CLP criteria APFO is proposed ®dbassified as Acute Tox. 3 (H301)
since LDy values are reported between 50 mg/kg bw < ATBO0 mg/kg, which are the
limit ATE values for Acute Tox. 3.

Based on the data and Directive 67/548/EEC critaridassification as harmful with Xn;
R22 (Harmful if swallowed) is proposed.

Inhalation

Following inhalation exposure of APFO a §§&f 0.98 mg/l (4 hour exposure), and asb€
18.6 mg/l (1 hour exposure) was reported. Accordingthe Directive 67/548/EEC
classification criteria APFO dossier submitter megd classification as harmful with Xn;
R20 (Harmful by inhalation). According to the CLHAteria the APFO dossier submitter
originally proposed to classify as Acute Tox. 3 84R Later on the dossier submitter
revised his proposal and suggested to classifyageATox. 4 (H332) since relevant §C
values were considered to be between 1.0 mg/l < ABED mg/l.

Dermal

Based on the data and Directive 67/548/EEC classifin criteria no classification for acute
toxicity following dermal exposure is proposed Ine tdossier submitter. According to the
CLP criteria APFO is not proposed to be classified acute toxicity following dermal
exposure since the lgpvalues were higher than 2000 mg/kg.

2. Comments submitted by concerned parties
Several Member States agreed in general to theopeapclassification. In occasions where
specific comments were given these were addressgtef on.




Oral

One Member State expressed its agreement on R2BiR2raised concern on the CLP
classification as Acute Tox. 3. As also requestedthe accordance check, the dossier
submitter highlighted the borderline situation be¢w classes.

Others did not specifically refer to the classifica proposal.
Inhalation
One Member State expressed its preference for Aboke 4 (H332) based on discrepancies

in LCsp (>4.5 (calculated from 18.6 mg/L at 1 hour expe¥@and 0.98 mg/l/4 hr), which were
also relevant for DSD classification as Xn; R20 (350 < 5 mg/l/4 hr).

Dermal
No specific comments.

3. Outcome of the RAC assessment

Oral

In the study of Glaza (1977) the lowestdgvas reported to be between 250 and 500 mg/kg
for female rats. Minor clinical signs such as coémlifaeces and wet urogenital area were
reported in females at 250 mg/kg, but no otherssigintoxicity or mortalities were reported.
Moribundity was reported for animals at 500 mg/Regtails on the used test guideline and on
whether mortalities occurred at all are unknown.

Other limited studies give indications on 40n the range of 200-250 mg/kg, also these
studies are of limited validity due to lack of imfeation. An LDy at approximately 250
mg/kg was derived in newborn rats (Du Pont, 198Baluinea pigs the L§ was below 200
mg/kg (Du Pont, 1981f).

In the most reliable study of Glaza no definitivertalities below 300 mg/kg, the borderline

dosage between category 3 and category 4 (CLP¢ b@en identified and other studies have
neither characterised substance identity nor wenelucted according to guideline protocols,
RAC decided to propose Acute Tox. 4. Thus the palproposal of the dossier submitter on
Acute Tox. 3 was not supported.

Based on the guidance value of 200 mg/kg a claasifin as harmful with Xn; R22 (Harmful
if swallowed) is proposed along the Directive 6 BEZEC criteria.

Inhalation

Following inhalation exposure to APFO a d¢@f 0.98 mg/l (4 hour exposure) was identified
at the borderline between category 3 and categoAndther LGy was > 18.6 mg/L after 1
hour inhalation, which corresponds to 4.6 mg/l4dnours and supports category. 4 as more
appropriate.

Beyond the evidence from acute testing, data frepeated dose study could be taken into
consideration. Mortalities observed on day 3 andnduthe fourth exposure in the repeated
inhalation study on rats (Kennedy et al., 1986) ragee relevant for acute toxicity than for
chronic toxicity and support argumentation that #&cdox. 3 (H331) could remain as



proposed by dossier submitter. 84 mg/m? causedafitgrafter third day (6 h/day) (84 mg/ms3
x 18 h/4 h = 378 mg/m? (0.378 mg/l). A value insthange can also be derived for the second
death during the fourth exposure.

However, RAC gave more weight to the supportinglence from 1 hour testing than from
mortalities after 18 hours of (interrupted) treatrtné\lthough the exact value of 1 mg/l is the
upper limit for category 3, RAC came to the ovecalhclusion was that L{gis considered to
be 1 mg/l and above.

With respect to the CLP criteria RAC decided topmee classification as Acute Tox. 4
(H332), since relevant Lfgvalues were considered to be in the range of HOWATE < 5.0
mg/l. According to Directive 67/548/EEC RAC agreedth the dossier submitter who
proposed classification as harmful with Xn; R20 rfd&ul by inhalation) as agreed at TC
C&L.

Dermal
RAC agrees that no classification should be proghose

Irritation

1. Proposal of thedossier submitter

Skin

Dossier submitter concluded that data do not allvawing a conclusion on the need for
classification with regard to skin irritation.

Eye

Dossier submitter considered effects on eye iroitads borderline between Xi; R41 and Xi;
R36 and referred to the decision of the TC C&L grovho concluded on a classification as
Xi; R36 (DSD). Accordingly APFO is proposed classif as Eye Irrit. 2 (H319) (CLP).

2. Comments submitted by concerned parties
Skin
No specific comments received.

Eye
One Member State expressed agreement with the GsBification as Eye Irrit. 2 (H319)
and the DSD classification Xi; R36 as agreed byQ&CL.

3. Outcome of the RAC assessment

Skin

Differences in the applied form of the test samgde not enable to explain the different
outcome of the studies. Griffith and Long appliad test substance as dry and as moistened
samples, while Kennedy (1995) applied an aqueostepghat resulted in mild to moderate
erythema. The negative study of Griffith and Losgweell as the mean values from Kennedy
do not justify classification.

In contrast, the study of Markoe (1983) revealdd skitative effects including necrosis from

3 minutes of exposure that would require clasdificeaas corrosive. No more details are
available (no access to the study report).




RAC followed the argumentation that data are intasice. At present no proposal for
classification was given.

Eye

RAC discussed the adequacy of the category 2 fitzdgon (CLP) and decided to deviate
from the proposal of the dossier submitter due dosistent evidence from two studies.
Although these studies were not compliant to tisé geideline, corneal opacity (grade 4) and
iris effects (grade 2) (observed in rabbits of tReffith study) are lead effects that in

combination with observed corneal ulceration (adnkalation study, Kennedy et al., 1986)
justify Eye Dam. 1 (CLP) and for the DSD Xi; R4lcadingly.

Sensitisation

1. Proposal of the dossier submitter
Skin and respiratory system

No classification for skin sensitisation is proposhie to insufficient data (skin) or lack of
data (respiratory tract).

2. Comments submitted by concerned parties
No relevant comments received.

3. Outcome of the RAC assessment
RAC agrees not to propose classification for thidpmint.

Repeated dose toxicity

1. Proposal of the dossier submitter

Oral

The dossier submitter considered effects on rededtse toxicity was on the borderline
between Xn; R48/22 and T; R48/25, but refers todbesion of the former TC C&L group
who concluded on a classification according to €ive 67/548/EEC with Xn; R48/22 . The
according proposal to CLP criteria is to classifySrOT RE 2 (H373) since the guidance
value for STOT RE 2 oral exposure is 10 < €00 mg/kg bw/day.

Inhalation:

As agreed by TC C&L, the dossier submitter's pr@bas based on the increased mortality
and severe liver toxicity in rats at doses from08.0ng/litre a classification according to the
Directive 67/548/EEC criteria with T; R 48/23. Thecording proposal to CLP criteria is
STOT RE 1 (H372) since the guidance value for SRET1 inhalation exposure is<0.02
mg/litre.

Dermal:
The dossier submitter suggested no classificatorife route since no clear conclusion can
be drawn from 2 week study with 84 days recoveryogen rats.

2. Comments submitted by concerned parties




One Member State suggested to delete STOT RE & gireccovered by STOT RE 1 (H372)
and informed that the route only needs to be sigecif proven that no other routes causes
hazardous effects.

Reflecting the liver as the target organ one Mentbate suggested modifying the hazard
statement H372: “Causes damage to organs (livesyigin prolonged or repeated exposure.”

3. Outcome of the RAC assessment

With respect to the CLP Regulation, RAC agreesrtup@se classification as STOT RE 1
(H372): Causes damage to organs (liver) througlopged or repeated exposure.

RAC agrees with the proposal on a classificatiocoeting to the Directive 67/548/EEC
criteria with T; R 48/23 for the inhalation routedawith Xn; R48/22 for the oral route.

Adverse effects that are of relevance for the oyate are mortalities, reduced body weight
gain, cyanosis and liver cell degeneration andasesr Effects that are expected to be related
to peroxisome proliferation such as liver weightrease, liver cell hypertrophy were not
regarded and would not, if occurring alone, justtflassification (see CLP guidance,
3.9.2.5.3). Remaining effects that justify clagsifion are: Delayed mortalities aB00 ppm
(15 mg/kg/d), reduced body weigh gain liver celyeleeration and necrosis>=20 ppm (1.5
mg/kg/d) and dose-related onset of cyanosiOQ ppm (5 mg/kg/d) in mice (28-day study
(Christopher and Marisa, 1977); reduced body wegglt in rats at 1000 ppm (50 mg/kg/d)
(28-day study, Metrick and Marisa, 1977); reducedybweight gain in rats at 100 ppm (6.5
mg/kg/d) (13 week study, Palazzolo, 1993); moitdit bad general health state and
immunosuppression in Rhesus monkeys3@ mg/kg/d (90-day study, Goldenthal 1978b),
general toxicity and increased liver weight at 3@/kg/d in Cynomolgus monkeys (where
PPARx should not be active). Liver cell necrosis waalbserved in rats exposed to APFO
for 90 days (Goldenthal, 1978a). However, no claiwse response (only five
animals/sex/group!) was seen for this effect. Canspn with the guidance values of the
classification criteria reveal that some of theeshied effects may be considered to justify T;
R48/25, however, lacking of data on severity aradences from the documentation of this
report do allow only rough evaluation.

According to the CLP criteria the final classificat shall be the most severe classification of
the three routes. This also covers that oral toxiftiom repeated dose studies was also a
borderline case for STOT RE 1.

The criteria say that if it is shown that classfion for this endpoint is not required for a
specific route, then this can be included in theané statement. With respect to the dermal
route data are insufficient to prove that the dérroate could be excluded. The available
dermal study (Kennedy, 1985) indicated that livell necrosis was observed from 20 mg/kg
bw/d onwards after 2 weeks of treatment and rendaineto 42 days of recovery. This is far
below the guidance values for the dermal route wvhie@ 100 mg/kg/d (DSD) (corresponding
values for 28 days: 321 mg/kg and for 14 days 64Bgbw/d) respectively 200 mg/kg/d
(CLP) for a 90 day-study.

Target organ and toxic effects in the dermal ratlgtare consistent to those seen in repeated
dose tests using oral and inhalation routes. Alghothe study is limited (mainly due to its
shortness of 14 day treatment period and lack déildeon grading histopathological
findings), liver findings are supporting the corsibn that all routes are effective. External
dosages of about 20 mg/kg bw/d resulted in compamatganofluoride concentrations after
90 days of oral exposure to that after 10 dermpliegtions. This fact and the observations of



liver toxicity after repeated dermal exposure geddence on the dermal route as of
relevance.

Thus there is no reason to include information loe dermal route to be excluded in the
hazard statement according to CLP. On the othed t@ncity by the dermal route is already
covered by STOT RE 1.

Moreover RAC decided to propose R48/21 based owltkervation of liver toxicity from 20
mg/kg bw/d in a dermal 14 day study in rats. TheAED for liver toxicity of 20 mg/kg
(which is much lower than the corresponding dergugdlance values (for Cat. 1) of 60 mg/kg
for a 28 day study) might also argue for a higHassification. However taking the limits of
the dermal repeated dose study into account (mdundyto limited information on severity of
liver lesions) the proposal of R48/21 is thoughib¢oadequate.
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M utagenicity

1. Proposal of the dossier submitter

The dossier submitter concluded that based on th#ahle negativen vitro andin vivo
studies APFO is considered not mutagenic, and mesification according to Directive
67/548/EEC criteria or CLP criteria for mutageniag proposed.

2. Comments submitted by concerned parties

Within a general agreement several Member Statesdgn proposed non-classification as

agreed by TC C&L.

3. Outcome of the RAC assessment

Based on negative results framvivo Micronucleus assays and negatiwevitro tests RAC
agrees to not propose classification for this emdpo

Carcinogenicity

1. Proposal of the dossier submitter

The dossier submitter concluded that based onwbeddenomas, Leydig cell adenomas and
pancreatic acinar cell tumours in rats to propdassdication as Carc. 2 (H351) (according to
the CLP criteria) and as already proposed by TC @&th Carc. Cat. 3; R40 (according to
the Directive 67/548/EEC criteria). For these tusnihere are insufficient data on MOA to

conclude that tumours are not relevant for humans.

2. Comments submitted by concerned parties

Several Member States have given their conserfi@ddssier submitter’s proposal. There
are a number of concerns against classificatiom firedustry (see comments on additionally
proposed references in Annex 2).

3. Outcome of the RAC assessment

There are two carcinogenicity studies on APFO irra§pe-Dawley rats that showed
increased liver adenomas, Leydig cell adenomaspamdreatic cell tumours in male rats.
Increased rates of mammary fibroadenomas were isefamale rats. However due to high
incidence in the control female group evidencectncinogenic potential of APFO in female

rats is equivocal.

Table 1: Summary on neoplastic and non-neoplastic lesiam® ftarcinogenicity studies in

rats

Sprague-Dawley rats

Sibinsky, 1987

50 rats/sex/group 2 year
15 rats/sex/group 1 year

Cook et al., 1994, Biegel

etal., 2001

76 males at 300 ppm, 80

control males

Historical
control values
for S-D rats#

Ppm
Mg/kg bw/d

0 30
1.3

300
14.2

0 300

Liver

2 year study

Liver cell adenomas

2.5% 13%
(2/80) | (10/76)
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Hyperplastic nodules 0%/ 0% 69%/0%
Liver cell megalocytosis 0% /0% | 12% / 2% 80% / 16%
Cystoid degeneration 8%/0% 14%/0% 56%/0%
1 year
Liver cell megalocytosis 0 % / 0%* 80% / %
_Po_rtal _ mononuclear  ce I47% 10% 80% / 0%
infiltration
Hepatocellular necrosis 0% /0% 40% / 0%
Hepatocellular vacuolation -133% -173%
Testis
2-year
Testicular massés 0%/- 2%]- 12%/-
5%
Clegg et al.,
. 0l - o 0% 11%* 1997
Leydig cell adenomas 0%/ 4%/ 14% (0/80) (8/76) 0.82%
Chandra et
al., 1992
. . 14% 4696
Leydig cell hyperplasia (11/80) (35/76)
Vascular mineralisation 0%/- 6%/- 18%#/-
1 year
Aspermatogenesis 0%/- 13%/-
Ovary
2-year
(Original) Tubular hyperplasia -/0% -114% 298
§Stromal hyperplasia -18% -116% -1 15%
§Stromal adenoma -1 4% -1 0% -1 2%
§Combined stromal _/12% 1 16% 17%
hyperplasia and adenoma
Mamma
2-year
18% or 37%
Fibroadenoma -121% -/ 40%# -/ 43%# Sykes, 1987
(10/47) (29/47) (21/49) 19% Chandrg
et al., 1992
Pancreas
3% 0.22%
0, 0, 0/ *
Acinar cell adenoma 0%/ ?2703 4 males (/34 ?07080) ?77076) Chandra ef
males) al., 1992
. . 0% 1%
Acinar cell carcinoma (0/80) (1/76)
. . 18% 39%*
Acinar cell hyperplasia (14/80) (30/76)
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$Percentages in males/females

#No data from laboratory control values

§ ovarian lesions rediagnosed in Mann and Frant® 20

* significantly different from pair-fed control gop, p<0.05

# significantly different from ad-libitum controkgup, p<0.05

% There is an inconsistency in the OECD SIDS repdithvsays that at the one year sacrifice, testiquksses
were found 6/50 high-dose and 1/50 low-dose ratsnbt in any of the controls. As no low dose angnaere
tested at the one year schedule, it is assumee t mistake and the effect is related to the 2-gada. No
lesions corresponding to the masses were repaortgups of the 1-year sacrifice.

& no data on incidences on females given in the @ipdrt

Liver tumours
Liver tumours in rodents that are conclusively édkto peroxisome proliferation are proposed
not to be of relevance for humans (CLP guidand&23.2 (K)).

No evidence on increased hepatic cell proliferati@as estimated at interim time points (1
month — 21 months) during the carcinogenicity st@Biegel et al., 2001). While in the
original CLH dossier the dossier submitter conctuitteat there is no (or not yet) evidence on
PPARu-related clonal expansion of preneoplastic foege@ntly published study was able to
show that administration of APFO to rats leads \tpentrophy and hyperplasia (without any
microscopical/biochemical evidence of liver celkitoty) as a result of early increases in cell
proliferation (but no inhibition of apoptosis), whi ultimately leads to liver tumour formation
(Elcombe et al., 2010). These data clearly dematestn early hepatocellular proliferative
response to APFO treatment and suggest that thetdrapgaly and tumours observed after
chronic dietary exposure of S-D rats to APFO likaleg due to a proliferative response to
combined activation of PPAR and CAR/PXR. This madeaction is unlikely to pose a
human hepatocarcinogenic hazard as demonstratetdidres utilizing mice humanized with
respect to the xenosensor nuclear receptors, thatan of the human PPAR CAR, and
PXR does not appear to lead to cell proliferati@mgung et al. 2004; Gonzalez and Shah
2008; Shah et al. 2007; Ross et al. 2010).

Supporting evidence:

In addition, there was increase in liver weight@r{ly due to liver cell hypertrophy), but no
indication of hepatic cell proliferation and PP&Hctivity in a 6-month cynomolgus monkey
study (Butenhoff et al., 2002).

Evidence from PPAR-receptor knockout mice to increase liver weighvegisome evidence
on other modes contributing to the liver tumounrsisTobservation is in line with findings on
developmental toxicity from the study of Abbottat (2007), where testing in knock-out
mice did not abolish the increase in liver weight.

Elcombe et al., 2010 hypothesised that APFO ineeasitochondrial mass in rats and
monkeys that may in part account for liver weighcrease. In monkeys, APFO
administration resulted in a marked increase imahibndrial succinate dehydrogenase (SDH)
activity that was thought to explain the dose-etldiver weight increases (Butenhoff et al.,
2002). However this interpretation is subject ta@entainties since increases in SDH activity
did not show dose-dependency in this study. Neeltis studies show that APFO interferes
with mitochondrial activity. Livers from adult maeprague—Dawley rats that received a 30
mg/kg daily oral dose of APFO for 28 days showexnteased PPARcoactivator-& (Pgc-In)
protein, a regulator of mitochondrial biogenesisl aranscription of mitochondrial genes,
leading to a doubling of mtDNA copy number. Furthieanscription of genes encoded by
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MtDNA was 3—4 times greater than that of nucleaodad genes, suggestive of a preferential
induction of mtDNA transcription. Implication of éhPgc-t pathway is consistent with
PPARy transactivation by PFOA (Walters et al. 2009) rémsed mtDNA copy number were
already observed 3 days after a single ip injectdériO0 mg/kg bw . (Berthiaume and
Wallace 2002).

PPARy transactivation by APFO were also concluded framaedrelated increase in PPAR
MRNA in PPARx-null mice, while only slightly in hPPA&Rmice was observed (Nakagawa
et al. 2011)

In conclusion, much of the response to APFO caatbéuted to PPAR and induction of
PPARx regulated genes. The impact of activation of PRAdulated genes that are
proposed to interfere with mitochondrial DNA tranption biogenesis and with lipid and
glucose metabolism on tumour growth is not knowth&rapporteurs.

Beyond the question on whether biological respomskded to activation of PPARare of
relevance for humans, there is still some degreenoértainties with the significance of other
nuclear receptor activation on tumour growth andCRiallows argumentation of the dossier
submitter that other mode of actions can not fa#éyexcluded.

Leydig cell tumours

RAC agreed with the conclusion of the dossier sttemihat there is insufficient evidence to
link these tumours to PPAR Biegel et al. (2001) demonstrated that APFOrait induce
peroxisomes in Leydig cells. Another not yet idieeti mode of action than peroxisome
proliferation must be active. Increases in serutrad®l throughout the study (Biegel et al.,
2001) may indicate that hormonal mechanism mightibalved, while no effect on
testosterone biosynthesis has been shown.

14 day gavage administration of APFO up to 40 mdpfkad to rats showed that increases in
serum estradiol concentration corresponded to &se@ hepatic aromatase activity (Liu et al.,
1996). However, studies on estrogens demonstratddepative effects and tumours of the

Leydig cell almost exclusively in the mouse rathi@an in the rat (Review in Cook et al,

1999).

Pancreatic acinar cell tumours

Increased tumour rates were observed in two cagemioity studies. However, the original
study of Sibinski reported no significant increaseumours rather than higher incidences of
acinar cell hyperplasia (no details available), levhithe confirmatory mechanistic
carcinogenicity study of Biegel et al. revealedngigantly increased rates of acinar cell
tumours and of the correspondent hyperplasia.

Dossier submitter proposed that the induction afcpeatic acinar cell tumours is probably
related to an increase in serum level of the grdathor, CCK (cholecystokinin-33 [human],
cholecystokinin [rat]). Growth factor were alsosalissed by Biegel et al. (2001) as
stimulative for pancreatic acinar cells without igty any proof whether CCK has been
changed by treatment. No evidence is given by drniyie repeated dose studies to support
hypothesis that APFO enhances cholesterol/trigigeeexcretion, thereby increases fat
content in the gut and causes tumor growth in pEaaticr acinar cells.

It is not clear to which effect pancreatic acinafls are linked in the liver. Biegel et al.

mentioned cholestasis related increases in CCKnaasoncentrations for other peroxisome
proliferators, but no such effect was reported&BFO.
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For APFO it can be concluded that at present théenad action of pancreatic cell adenomas
is unknown.

In conclusion, RAC followed the proposal by the sles submitter, namely that APFO should
be classified according to the Directive 67/548/Ettiteria as Carc. Cat. 3; R40, and
according to the CLP criteria as Carc. 2 (H351).

Reproductive toxicity/Fertility

1. Proposal of thedossier submitter

No classification on fertility was proposed basedtbe outcome of a 2-generation study
(York 202, Butenhoff et al., 2004) and the lacksopporting evidence from repeated dose
toxicity studies which gave no indication on dis@amces of fertility. The increased incidence
of Leydig cell tumours and vascular mineralisatiantestes of rats receiving APFO for 2

years were not considered to be indicative foratéfen fertility.

2. Comments submitted by concerned parties
Several Member States agreed on that no classificas proposed for this endpoint as
previously agreed at the TC C&L.

3. Outcome of the RAC assessment

Based on the previously available date RAC foungbriclusive that no proposal to classify
for fertility effects was proposed by the dossi#brmitter. The only effects in the 2-generation
study were increased absolute weights of epididyanid seminal vesicles that probably is
linked to body weight loss. No relevant effectsniale and female animals were reported
from the repeated dose toxicity studies and the&-garcinogenicity study in rats. The latter
study revealed treatment-related testes tumournshwiere not related to fertility effects.

An additional study on testosterone levels and megeoductive organ effects of APFO were
published after submission of the CLH dossiermiie mice, oral APFO-treatment (0, 1 and
5 mg/kg bw/day) for 6 weeks of both wt, null- ornmanized PPAR mice showed a
statistically significant increase (p<0.05) in spemorphology abnormalities at both
concentrations, an increased incidence of abnosmaiiniferous tubules and a statistically
significant reduction (p<0.05) in plasma testosterooncentration in the wt mice (at 5 mg/kg
bw/day) and the hPPARmice at both concentrations, but none of thesectsffwere
observed in the null-mice. In addition, a statetic significant reduction (p<0.05) of the
reproductive organ (epididymis and seminal vestcpgostate gland) weight of the wt PPAR
mice treated with the highest concentration was gkeet al., 2011). The authors reported
inconsistencies of PPARexpressed in interstitial Leydig cells or semingfies tubule cells of
testis in m PPAR-mice, but not in testis of hPPARMIice (Cheung et al., 2004).

The RAC discussed the new study published in 20iL&t(al., 2011) indicating a potential of
adverse effect on the male mice reproductive system

RAC concluded that evidence on impaired fertiltlyough sperm abnormalities and reduced
testosterone levels are not (yet) sufficient torawviée the negative evidence from the 2-
generation study and repeated dose toxicity. Rederagion of the endpoint is recommended
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Reproductive toxicity/Developmental toxicity

1. Proposal of the dossier submitter

The dossier submitter proposed to classify APF®&w. 1B (H360D) according to the CLP
criteria and Repr. Cat. 2; R61 according to DSka@xluded by TC C&L based on evidence
for increased postnatal pup mortality, decreased pady weight and delayed sexual
maturation observed in several mice studies andah2-generation study in the absence of
marked maternal toxicity.

2. Comments submitted by concerned parties

One Member State considered mouse studies moreanti¢han rat data, since the renal
clearance is lower in mice than in rats and in msna&t TC C&L this point had led to a
debate on whether the offspring effects are relaiadaternal toxicity, the majority agreed on
a classification as Repr. Cat. 2; R61. Several Man3iates supported classification on this
endpoint as proposed by TC C&L.

3. Outcome of the RAC assessment

Human data

Available biomonitoring indicated that human seraoncentrations were lower than those
reported for the mice at 5 mg/kg APFO (max. abdupug/ml in dams (White et al., 2007)
compared to 6.8 pg/ml (max arithmetic mean in wagksee Olsen studies) and median
concentrations of 0.0026 pg/ml in maternal sampfes pilot study (Midasch et al., 2007)).
Absence of effects are no proof that effects imeté were not relevant for humans, since
internal concentrations were much lower and epidtrgical studies were not targeted on the
effects of interest and of insufficient size fofeet detection.

Animal data

Critical for the proposal of Repr. 1B (according@aP criteria) and against a proposal of
Repr. 2 are effects of developmental toxicity frammal studies that were observed at doses
at which no (or no indications of markedpternal toxicity has been observed.

Rat

Relevant effects indicating developmental toxieitgre observed at doses without treatment-
related effects on body/organ weights in dams ef E@ generation during lactation phase
(mortalities and reduced growth) and caused delagadial maturation later on in the rat
offspring of a 2-generation study (York, 2002; Buteff et al., 2004). Effects on or via
lactation have not been tested on in this spebiedreatment-related effects were seen in the
F2-generation.

Test substance administration to rats during thé amd late gestation period only (GD 6-
15/18) did not cause adverse effects on rat ofigpexcept a dose-related increase of rib
variations in a study during GD 6-18. There weradagelopmental studies addressing effects
of APFO in rats where treatment started in theyegektational phase.

Mouse

Without any sign of marked maternal toxicity, exyues during the gestational phase was
effective in mice to cause developmental deficite; malformations occurred. This was
demonstrated by a number of studies; most recediest were not present at the TC C&L
discussion in 2006.
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Full litter resorptions
Most severe effects (whole litter loss in earlygmancy) were seen in the study of Wolf et al.
(2007) when treatment with 5 mg/kg APFO startedyestrGD1.

Percentages of dams with full-litter resorptiorgngficantly increased from 5 mg/kg onwards
(26% at 5 mg/kg to 100% at 40 mg/kg) (Lau et ab0&). Body weight gain started early
(from GD5 onwards) to be significantly lower in dauai>20 mg/kg than in controls and was
interpreted to indicate that full-litter resorptionust have occurred in early pregnancy. It
could be assumed that liver effects in dams atdaryy time of gestation are less pronounced
than they may be at the end of gestation (as itetichy liver weight increase on GD18, no
data on clinical pathology and microscopy). Whilatemnal toxicity (reduced body weight
gain) might be discussed to be linked to resorgtiimn the dams receiving 20 and 40 mg/kg,
no effect on body weight was seen for the 5 mga&$4 full litter resorption) and 10 mg/kg
(46% full litter resorption versus 7% in controls).

While these studies revealed (early) full littesamptions, no such effect was seen up to 10
mg/kg PFOA in the developmental study of Yahialef2010).

Other effects
Other developmental effects (reduced postnataliglr¢>5 mg/kg), severely compromised
postnatal surviva{20 mg/kg), delays in general growt#B3(mg/kg), and development (delay
of eye opening5 mg/kg), as well as sex-specific alterations ibgytal maturation (separable
prepuce indicating earlier onset of male pubeftyng/kg) were reported in the study of Lau
et al. (2006).

Liver weight increases were seen in dams of aledg®ups, but APFO treatment did not
change the number of implantations. However, weigiih of dams indicating marked
maternal toxicity was markedly reduced at 20 mgfvgd or after correction for gravid
uterine weight and liver weight only at 40 mg/kg/dwsee RCOM doc). Significantly
reduced postnatal survival could be discussed esndary effects ab20 mg/kg bw/d.
However dose-dependent increases in liver weight fi mg/kg onwards alone were not
found to be plausibly linked to the adverse effemtspup growth and development in the
study of Lau et al. (2006).

In utero exposure to 5 mg/kg APFO alone was sufficito reduce pup growth and
developmental delay in the pups (Wolf et al., 20Rgduced postnatal survival in pups was
seen at 5 mg/kg APFO if exposure in utero continttedugh the lactation period. No
detrimental effect on maternal weight and numbetiva# born pups was seen in groups
receiving 3 and 5 mg APFO. 23 days after last tneat (on PND 22) there was a dose-
dependent absolute and relative increase in liveght in dams. Reduction of body weight of
pups on PND 22 was dose-dependent and more sdt@reantinued exposure via milk. This
effect may be related to reduced milk productiani{s indication from the study of White et
al. (2007) that showed inhibition of the mammargngl differentiation before birth) or to
direct effects of APFO on pups exposed via the rilky. While maternal weight gain was
similar between groups of dams exposed to 5 mg/R§@ and control dams in the White
study, mean body weights and diminished (delayegieldpment of the mammary gland was
seen in pups at PND 10 and 20. This means APF®teffehe development of the mammary
gland during pregnancy and affected developmetitefnammary gland in pups. In a follow
up study (2009) Wolf demonstrated that delayed marggland development in pups at 5
mg/kg APFO also occurred under lactional-only dgsirMean serum concentrations were
reported to be similar in mice exposed in uterantimmmice exposed via milk. Effects on
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mammary gland development could also be inducediae after peripubertal treatment (at
21-50 days of age), however testing revealed storam specifity (Yang et al., 2009).

In these studies no marked maternal toxicity hanbabserved and developmental effects
could not be interpreted to be secondary to themal toxicity.

The delay in mammary development has been confirmetie recently published mouse
study in pups where the dams received doses a80,1M, and 3.0 mg/kg bw/d APFO from
GD 1-17 (Maron et al., 2011). This effect persistedil PND 84. Offspring liver weights
were significantly increased in all dose groups @ata on dam effects). In a second study
mice were administered to 0, 0.01, 0.1, 1.0 mg/RF@ bw/d in the late gestation phase only
(GD 10-17). Stunted mammary epithelial growth wesnsat PND 21 in the 0.01 mg/kg dose
group, increased offspring liver weight was seetha 1.0 mg/kg bw/d dose group indicating
that the delay in mammary gland development is mensitive than the liver effect in pups.

The RAC discussion focussed on the relevance ef Wweight changes for developmental
effects. Doses of APFO without any effect on bodgight gain in dams (up to 5 mg/kg or
even higher) should not be considered as markedrnattoxicity which according to the
CLP guidance could justify no classification. Comguh to the 28 day study in mice
(Christophe and Marisa, 1977) where all mice at Pt (15 mg/kg) died during the study
and single premature deaths were seen at 30 (YKkgjreand 100 ppm, mortalities of dams in
the Lau et al. study were not reported up to 4kmg/

Guidance to CLP considers developmental effecta @véne presence of maternal toxicity to
be evidence of developmental toxicity unless it barunequivocally demonstrated that these
effects are secondary to maternal toxicity. In caspecific maternally mediated mechanism
has been demonstrated, the guidance says thaboazgiay be considered more appropriate
than category 1. Developmental toxicity induceddgyeated APFO administration were seen
in a dose-related manner, also at doses withoutdtidn of marked maternal toxicity,
appears not to be linked to maternal toxicity andspecific maternally mediated mechanism
was identified.

Liver weight increase also at low doses without afigct on body weight gain and one might
assumed that liver toxicity (if liver weight inciesa is interpreted as toxic effect) is the
primary effect and developmental effects couldriterpreted as secondary to liver toxicity.
Unfortunately no other data are available from Begation and developmental studies on
APFO to characterise liver weight increase (by nscopy or clinical pathology) with respect
to its degenerative nature or as adaptive enzynneason.

From a number of studies it was demonstrated that tell hypertrophy and related liver
weight increase is the most sensitive effect artdtoyicity was observed at higher doses.
Hepatocellular hypertrophy and increased mitosisqmantification available) were observed
at all doses (no details on dose-dependency ofiéncies and severity); single cell necrosis
and mild calcification were only seen at 10 mg/lORA (Yahia et al., 2010). Corresponding
effects at 10 mg/kg were significantly increase@iitransaminases (ALT, AST) and enzyme
activities indicating membrane leakage (LDH, ALP).No microscopic degenerative
abnormalities were reported for the dams’ liversamg/kg, where fetal body weight and
postnatal survival was already reduced. Assumedahaimilar doses of APFO no marked
liver cell toxicity had occurred, this indicateatlievelopmental toxicity is not a consequence
of liver toxicity.

The observation of increased cell proliferatiordases without overt liver toxicity in mice
(Yahia et al, 2010) is consistent to the obsermatibElcombe et al. (2010) of increased cell
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proliferation of liver cells at a non-cytotoxic do#n rats. This is considered to reflect the
mitogenic nature of effect rather than a regenegpiroliferation response at non-cytotoxic
doses.

RAC recognises that there are signs of marked maltéoxicity at high doses. However liver
weight increase alone could not be plausibly linkedievelopmental effects in pups. Dose-
dependent increases in liver weight were seennmsdand pups) most likely as a direct effect
of APFO caused by liver cell hypertrophy with majoontribution of PPAR-related
peroxisome proliferation. Newer study clearly destoated that liver toxicity (single cell
toxicity) started at higher doses than hypertrophesponse. Therefore the observed
developmental effects were not considered to kecarglary non-specific consequence of the
maternal (liver) toxicity.

Studies in mice allow conclusion that gestatiordrhmistration of APFO was sufficient to
impair neonatal growth and development and thatldgwmental toxicity was linked to the
gestational phase of exposure.

Mechanistic studies using PPAR knock-out mice destrated that some effects (complete
litter loss and liver weight increase in dams angg) seem to be independent of PBAR
expression (Abbott et al., 2007). Others such eseased postnatal pup mortality, reduction
in pup body weight and postnatal growth and develeqt (delayed eye opening) indicated
interference/contribution of PPARexpression most likely as a direct effect of AP@dich

is not mediated via liver cell response to PBAR he observation that liver weight increases
are similar in wild type dams and in PP&Rnock out dams and their respective offspring
questioned the importance of PPARxpression for the liver effects. PPélRelated effects
may contribute, but other modes of action must bésactive.

In addition the relevance of PPAReXxpression for humans is well established forlitner,
however much less is known for the relevance of Rirrelated effets in other organs and
effects in the offspring and juvenile.

Comparison with CLP criteriafor reproductivetoxicity (Section 3.7.2)

Human data do not sufficiently give evidence todode on whether Repr. 1A is appropriate.
Repr. 2 would be appropriate if there is some, lbas convincing evidence on adverse
development effects. Overall there is no convinawglence that developmental effects in
pups are exclusively secondary to maternal (litexicity.

For APFO there is clear evidence on developmeritatts from perinatal studies in mice.
Mechanistic considerations allow contribution ofreoeffects to a PPARrelated mode of
action. However other modes appear to be activedmwvelopmental effects could not be
attributed to liver toxicity as a secondary meckam. Also the role of PPARrelated mode
of action is not fully elucidated for the developrted effects. A contribution to some effects
is assumed based on their lack of expression ickpat mice.

Therefore RAC decided to follow the proposal of thaessier submitter that evidence is
sufficiently convincing to classify for developmaheffects as Repr.1B (H360D) according
to CLP criteria and Repr. Cat 2; R61 according 80D

Criteriafor hazard category for lactation effects

APFO has also been found to be transferred to imfdmough breast-feeding. Although the
criteria from human evidence and/or from resultsrfrtwo generation studies in animals do
not provide effects in the offspring due to transfiethe mild or adverse effects on the quality
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of the milk, there is sufficient evidence from meusudies with postnatal administration of
APFO that indicated adverse effects (delayed/stumt@ammary gland development in the
offspring) which cause concern for the health bfeastfed child. Classification for effects on
or via lactation is independent of whether or netiastance is also classified for reproductive
toxicity.

In addition RAC agreed on an additional classifaaton lactation effects (CLP: Lact., H
362: May cause harm to breast-fed children; DSDt Ry cause harm to breastfed babies).

Additional information

The Background Document, attached as Annex 1, ghessletailed scientific grounds for the
Opinion.

ANNEXES:
Annex 1 Background Documet®D)*
Annex 2 Comments received on the CLH report, respdao comments provided by the

dossier submitter and rapporteurs’ comments (excifidential information)

! The Background Document (BD) supporting the opirgontains scientific justifications for the CLHoposal.
The BD is based on the CLH report prepared by aidosubmitter. The original CLH report may neeché&
changed as a result of the comments and contritsitieceived during the public consultation(s) ahe t
comments by and discussions in the Committees.
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