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1. IDENTITY OF THE SUBSTANCE

1.1 Name and other identifiers of the substance

Table 1: Substance identity and information relatemolecular and structural formula of the
substance

Name(s) in the IUPAC nomenclature or other Nonadecafluorodecanoic acid and its ammonium gnd
international chemical name(s) sodium salts

Other names (usual name, trade name, 2,2,3.3,4,4,55,6,,7,7,8,8,9,9,10,10,10-

abbreviation) Nonadecaflourodecanoic acid; Nonadecafluoro-n-

decanoic acid; Nonadecafluorodecanoic acid;
Perfluoro-n-decanoic acid; Perfluorodecanoic acid
PFEDA

Ammonium perfluorodecanoate; Ammonium
nonadecafluorodecanoate

Sodium nonadecafluorodecanoate

ISO common name (if available and appropriate) |NA

EC number (if available and appropriate) 206-400-3 [1]
221-470-5 [2]

- 3]

EC name (if available and appropriate) Nonadecafluorodecanoic acid [1]

Ammonium nonadecafluorodecanoate [2]

Not applicable [3]

CAS number (if available) 335-76-2 [1]
3108-42-7 [2]

3830-45-3 [3]

Other identity code (if available) NA

Molecular formula CioHF1402 (free acid)

Structural formula




CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

PFDA (free acid)

SMILES notation (if available)

C(=0)(C(C(C(C(C(C(C(C(C(R)FRFIF)FF)(F)F
FF)(F)FFF)(F)F)(FFO

PFDA (free acid)

Molecular weight or molecular weight range

514.084 g/mol (free acid)

Information on optical activity and typical ratio of
(stereo) isomers (if applicable and appropriate)

NA

Description of the manufacturing process and
identity of the source (for UVCB substances only)

NA

Degree of purity (%) (if relevant for the entry in
Annex VI)

Not relevant

1.2 Composition of the substance

Table 2: Constituents (non-confidential informajio

Constituent Concentration range Current CLH in Annex | Current self-
(Name and numerical (% w/w minimum and VI Table 3.1 (CLP) classification and
identifier) maximum) labelling (CLP)
Nonadecafluorodecanoid There is no registration No entry in Annex VI Acute Tox. 3, H301
acid dossier for PFDA. Table 3.1

The cited publications in
this dossier state that the
purity of PFDA is in the
range 87.4-98%

(CAS no.: 335-76-2)

Acute Tox. 3; H311
Acute Tox. 3; H331
Skin Corr. 1B; H314
Skin Irrit. 2; H315
Eye Dam. 1; H318
Eye Irrit. 2; H319
STOT SE 3; H335

(based on 6 aggregated
notfications)

Ammonium There is no registration
nonadecafluorodecanoatedossier for ammonium

(CAS no.: 3108-42-7)

No information available
on the concentration
range.

nonadecafluorodecanoate

No entry in Annex VI -
Table 3.1

Sodium There is no registration
nonadecafluorodecanoatedossier for sodium

(CAS no.: 3830-45-3)

nonadecafluorodecanoate

No information available

No entry in Annex VI -
Table 3.1
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range.

on the concentration

Table 3: Impurities (non-confidential informatiahyelevant for the classification of the
substance
Impurity Concentration Current CLH in Current self- The impurity
(Name and range Annex VI Table classification and | contributes to the
numerical (% wiw minimum | 3.1 (CLP) labelling (CLP) classification and
identifier) and maximum) labelling
No information
available
Table 4: Additives (non-confidential informatioifyelevant for the classification of the
substance
Additive Function Concentration | Current CLH Current self- The additive
(Name and range in Annex VI classification contributes to
numerical (% wiw Table 3.1 and labelling the
identifier) minimum and | (CLP) (CLP) classification

maximum) and labelling
No information
available
Table 5 Test substances (non-confidential inforomati
Identification of test Purity Impurities and additives (identity, %, | Other information
substance classification if available)
PFDA 96% No information given in the original | Test substance from Aldrich
(Nonadecafluorodecanoic study report Chemical Company in
acid, CAS no.: 335-76-2 Harris and Birnbaum (1989
PFDA (CAS no. was not| g7.49% Fluorinated-n-decanoic acid with Test substance from Aldrich
given in the original (Gas monohydrogen or dihydrogen Chemical Company used in
study report) chromatography Substitutions Bookstaff et al., (1990).

of methyl Purity by titration was 96%
esters,

confirmed by
mass
spectroscopy
and proton
nuclear
magnetic
resonance)

PFDA (CAS no. was not
given in the original
study report)

No information

No information given in the original
study report

Test substance from 3M in
Borges et al., (1993)
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PFDA (CAS no. was not
given in the original
study report)

analytical grade
(purity not
stated)

No information given in the original
study report

Test substance from Sigma
Aldrich Chemical used in
Benninghoff et al., (2012)

PFDA (CAS no.: 335-76]
2)

98%

No information given in the original
study report

Test substance from ABCR,
Germany, used in Kjeldsen
and Bonefeld-Jorgensen
(2013)
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2. PROPOSED HARMONISED CLASSIFICATION AND LABELLING

2.1 Proposed harmonised classification and labellimg@bkng to the CLP criteria

Table 6:
Classification Labelling
International ] Coiselc_:;::its
Index No Chemical EC No CAS No |Hazard Class| Hazard Plcstpgralm, H?Z?rd :uppl(.j M "| Notes
e ignal state- azar -
Identification and Category| statement g
Code(s) Code(s) Word ment statement factors
Code(s) Code(s) Code(s)
Current
Annex VI
entry
Repr. 1B,
. H360Df, H360Df,

Dossier Lact., GHSO08,

submitters H362, H362,

proposal care-2 H351 oo H351

Resulting

Annex VI

entry if

agreed by

RAC and

COM
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Table 7: Reason for not proposing harmonised ¢leason and status under public consultation

Hazard class

Reason for no classification

Within the scope of public
consultation

Explosives hazard class not assessed in this dossier No
Flammable gases (including hazard class not assessed in this dossier No
chemically unstable gases)

Oxidising gases hazard class not assessed in this dossier No
Gases under pressure hazard class not assessed in this dossier No
Flammable liquids hazard class not assessed in this dossier No
Flammable solids hazard class not assessed in this dossier No
Self-reactive substances hazard class not assessed in this dossier No
Pyrophoric liquids hazard class not assessed in this dossier No
Pyrophoric solids hazard class not assessed in this dossier No
Self-heating substances hazard class not assessed in this dossier No
Substances which in contact with | hazard class not assessed in this dossier | No
water emit flammable gases

Oxidising liquids hazard class not assessed in this dossier No
Oxidising solids hazard class not assessed in this dossier No
Organic peroxides hazard class not assessed in this dossier No
Corrosive to metals hazard class not assessed in this dossier No
Acute toxicity via oral route hazard class not assessed in this dossier No
Acute toxicity via dermal route hazard class not assessed in this dossier No
Acute toxicity via inhalation route hazard class not assessed in this dossier No
Skin corrosion/ hazard class not assessed in this dossier No
irritation

Serious eye damagefeye irritation hazard class not assessed in this dossier No
Respiratory sensitisation hazard class not assessed in this dossier No
Skin sensitisation hazard class not assessed in this dossier No
Germ cell mutagenicity hazard class not assessed in this dossier No
Carcinogenicity harmonised classification proposed Yes
Reproductive toxicity harmonised classification proposed Yes
Specific target organ toxicity- hazard class not assessed in this dossier No

single exposure
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Specific target organ toxicity- hazard class not assessed in this dossier | No
repeated exposure

. i i i No
Aspiration hazard hazard class not assessed in this dossier
Hazardous to the aquatic hazard class not assessed in this dossier | No
environment

i i i No

Hazardous to the ozone layer hazard class not assessed in this dossier

3. HISTORY OF THE PREVIOUS CLASSIFICATION AND LABELLIN G

There are no previous discussions on a harmoniziedsification and

labeling of

nonadecafluorodecanoic acid (hereafter abbreviaEdlA) or its ammonium and sodium salts.

This classification proposal is based on a readsacrfrom 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
pentadecafluorooctanoic acid (PFOA, CAS no: 333p7and its ammonium salt,

ammoniumpentadecafluorooctanoate (APFO, CAS no:2535-1). PFOA is a structural

analogue to PFDA which contains two less carbon fand less fluorines. The RAC has
adopted the proposed harmonised classificationF@A° and its ammonium salt (APFO) as
Repr. 1B, H360D; H362; Carc. 2, H351; STOT RE 17B8liver); Acute tox. 4, H332; Acute

tox. 4, H302 and Eye Dam 1, H318 (RAC Opinion psipg harmonised classification and
labelling at Community level of Perfluorooctanoda(PFOA), ECHA 2012). Recently, RAC

has also adopted an opinion for the harmonisediblzsgion of 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-
Heptadecafluorononanoic acid (PFNA; CAS no: 375t9%nd its ammonium salt (CAS no:

4149-60-4) and sodium salt (CAS no: 21049-39-8kbam read-across from APFO/PFOA as
Repr. 1B, H360Df; H362; Carc. 2, H351; STOT RE B/H (Liver, thymus, spleen); Acute tox.

4, H332; Acute tox. 4, H302 and Eye Dam 1, H318 (RApinion proposing harmonised

classification and labelling at Community level Bérfluorononanoic acid (PFNA) and its
ammonium and sodium salts, ECHA 2014).

The hazard classes evaluated in this dossier fBrAP&Nd its ammonium and sodium salts are
reproductive toxicity and carcinogenicity, which vea been adopted for harmonized
classification by the RAC for APFO/PFOA. Given tiRAC concluded that PFOA warrants the
same classification as APFO, the rationale forsitgigg APFO is included in this dossier.

RAC concluded also that the argumentation was ¥alidPFNA and its ammonium and sodium
salts, and hence we propose that the argumentaticead-across from APFO/PFOA is valid

for PEDA and its ammonium and sodium salts.

. JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LE VEL

There is no requirement for justification that antis needed at Community level.

. IDENTIFIED USES

PFDA and other perfluorinated carboxylic acids (RBL have been used as plasticizers,
lubricants, and water and oil surfactants due &ir themical and thermal stability (Harris et al.,
1989). PFDA is used as a lubricant, wetting aggmsticizer and corrosion inhibitor
(ChemSec, 2014).
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PFDA was planned for registration on November 3010 (three pre-registrations at >1000
tonnes/year), May 31st, 2013 (two pre-registratib®3-1000 tonnes/year), and May 31st, 2018
(3 pre-registrations at 10-100 tonnes/year, andrédregistrations at 1-10 tonnes/year).

Ammonium nonadecafluorodecanoate is pre-registetittd an envisaged registration deadline
on May 31st, 2013

However, no registrations by the industry to ECH#s libeen made yet and hence, there is no
information on registered identified uses withie tU.
6. DATA SOURCES

Open literature: Information on PFDA and its amnuomiand sodium salts considered in this
report was collected by a literature search ladatgd on July 2014.

ECHA documents on previous evaluations on the soahemical for read-across (PFOA and
its ammonium salt APFO) and additional perfluorgdked carboxylic acids have also been
referenced throughout the report:

-  RAC Opinion proposing harmonised classification daldelling at Community level of
Ammoniumpentadecafluorooctanoate (APFQO), ECHA 2012

-  RAC Opinion proposing harmonised classification daldelling at Community level of
Perfluorooctanoic acid (PFOA), ECHA 2012

-  RAC Opinion proposing harmonised classification daldelling at Community level of
Perfluorononanoic acid (PENA) and its ammonium sodium salts, ECHA 2014

-  RAC Annex 1 Background document to the Opinion psdpg harmonised classification
and labelling at Community level of Ammoniumpenteafiorooctanoate (APFO), ECHA
2012

-  RAC Annex 1 Background document to the Opinion psdpg harmonised classification
and labelling at Community level of Perfluorooctanacid (PFOA), ECHA 2012

- RAC Annex 1 Backaground document to the Opinion psipg harmonised classification
and labelling at Community level of Perfluoronon@nacid (PENA) and its ammonium and
sodium salts, ECHA 2014

- Annex XV dossier — Identification of APFO as SVHECHA 2013
- Annex XV dossier — Identification of PFOA as SVHECHA 2013

- Annex XV dossier — Identification of Henicosafluar@ecanoic acid as SVHC, ECHA
2012

- Annex XV dossier — ldentification of Tricosafluommdiecanoic acid as SVHC, ECHA 2012

Other reports from internationally recognized asgamns that were taken into consideration
include the Ecological screening Assessment rdpmmg-Chain (C9-C20) Perfluorocarboxylic
acids, their salts and their precursors, Envirortf@amada, August 20112.
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7. PHYSICOCHEMICAL PROPERTIES

No registration of PFDA or its ammonium or sodiuaits by the industry to ECHA has been
made yet, there is therefore little available aatahe physicochemical properties.
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Table 8: Summary of physicochemical properties

Property

Value

Reference

Comment (e.g. measured or
estimated)

Physical state at 20°C and
101.3 kPa

The substance is a solidl.

Melting/freezing point 87.4-88.2 Hare et al., 1954 Measured
Boiling point 218°C Sigma Aldrich 2004;} Measured
Kauck and Diesslin
1951
203.4 Kaiser et al, 2005 | Estimated
219.4 Kaiser et al, 2005 | Estimated
Relative density No data
Vapour pressure -0.64 Arp et al., 2006 Experimental
0.10 Arp et al., 2006 Experimental
3.1t0 99.97 kPa (129.6| Kaiser et al., 2005 | Calculated
to 218.9°C)
Surface tension No data
Water solubility 5.14 g/L Kauck and Diesslin,| Measured
1951
Partition coefficient n- No data
octanol/water
Flash point No data
Flammaubility No data
Explosive properties There are no chemical
groups present in the
molecule associated
with explosive
properties.
Self-ignition temperature The substance is a solid.
Oxidising properties No data
Granulometry No data
Stability in organic solvents | No data
and identity of relevant
degradation products
Dissociation constant 2.57512 (dimensionlesg) Moroi et al., 2001 | Estimated

-0.22 BD CLH PFNA, Estimated (SPARC)
ECHA 2014
-5.2 BD CLH PFNA, Estimated (ChemID Plus
ECHA 2014 Advance)
Viscosity No data
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8. EVALUATION OF PHYSICAL HAZARDS

Not evaluated in this dossier.
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9. TOXICOKINETICS (ABSORPTION, METABOLISM, DISTRIBUTIO N AND
ELIMINATION)

Table 9: Summary table of toxicokinetic studies

Method Results Remarks Reference

Male and female Wistar rats Plasma concentration profiles | Purity of test Ohmori K, Kudo

PFDA, PFOA,; Perfluoroheptanoiq

acid (PFHA), perfluorohexanoic
acid (PFHexA), or PFNA was

administered i.v. at a dose of 48.{
mmol/(2.5 ml/kg body weight) for
plasma concentration profile and

48.64 pmol/kg body weight for
estimation of Ck.

show that PFDA slowly
decreased from plasma in both
male and females.

b4l otal clearance of PFDA was
5.2 and 5.3 (ml/day/kg) in male|
and females respectively.

Plasma half-life of PFDA was
339.92 and 58.57 days in male
and females respectively

Volume of distribution (ml/kg)
was 347.7 and 441.1 ml/kg for
male and female rats
respectively.

Clearance rate (ml/day/kg) of
the investigated PFCAs were
PFHA>PFOA-PFNA~-PFDA

in male rats and
PFHA>PFOA>PFNA>PFDA in
female rats. There was a close
relationship between clearance
rate and total clearance
(r>=0.981, p<0.01).

substance (PFDA,
analytical grade,
Sigma Aldrich
Japan) unknown.

s Number of animals
not known.

4

N, Katayama K,
Kawashima Y.

Comparison of the
toxicokinetics
between
perfluorocarboxyl
ic acids with
different carbon
chain length.
Toxicology. 2003
Mar 3;184(2-
3):135-40.

Male and female Wistar rats

PFDA, PFHA, PFOA or PFNA
were i.p. administered at a dose
20 mg/ml/kg body weight. Urine

and feces were collected every 1

h up to 5 days.

For the collection of bile rats werg
injected .iv. at a dose of 25 mg/kg

body weight. Bile samples were
collected every 30 minupto 5 h
after the injection.

To compare rate of urinary
excretion rate of the PFCAs rats
were i.v. injected at a dose of 25
mg/kg body weight and urine
samples collected every 10
minutes.

Urinary and fecal elimination:

In male rats 0.2% of the dose @
bfPFDA and 2% of PFNA was
eliminated in urine within 120 h
P after the administration in
contrast PFHA and PFOA werd
L eliminated to 92% and 55% of
the dose. A similar tendency
was observed in female rats fo
PFDA, but for PFOA and PFNA
the urinary elimination was
significantly faster than in
males.

Fecal elimination was a major
route of elimination of PFDA in
both male and female rats,
approx.. >4% of the dose was
eliminated by 100 hours. PFOA
and PFHA were slowly
eliminated in feces in contrast t
urinary elimination (approx..
22.5% of the dose).

Concentrations of PFCAs in
serum and liver:
Concentration of PFDA in bloo
and liver in female rats 5 days

Purity of test

f substance (PFDA,
analytical grade,
Aldrich Japan)
unknown. Number
of animals not
known.

i

after injection were significantly

Kudo N, Suzuki
E, Katakura M,
Ohmori K,
Noshiro R,
Kawashima Y.

Comparison of the
elimination
between
perfluorinated
fatty acids with
different carbon
chain length in
rats.

Chem Biol

Interact. 2001 Apr
16;134(2):203-16.
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higher (estimated from the
graphical presentation to be
approx. 50 pg/ml serum and 14
pa/g liver respectively), at least
10-fold compared to PFHA,
PFOA and PENA. In males,
concentrations of both PFDA
and PFNA were significantly
higher (p<0.05, compared to th
other tested PFCAS) in liver an
in blood respectively.
Concentrations of PFOA and
PFNA were significantly lower
(p<0.05) in female rats in both
liver and serum compared to
male rats.

0

L

Male and female Sprague-Dawle
rats.

[1-“C]PFDA administered a singl
dose of 9.4 umol/kg (5 mg/kg) i.p,
Samples were collected daily for
28 consecutive days. At designat
times post-treatment (2 h, 1,2 ,3,
7, 14, 28 days for males and 2 h,
4, 7, 28 days for females) four rat
were euthanized and tissues and
blood were collected for
determination of tissue distributio
and elimination of PFDA.

¥ Fecal elimination with 51% and
24% of the administeredC

crecovered in the feces of maleq

| and females by 28 days post-
treatment.

ed’he cumulative excretion of
APFDA-derived“C in urine was
lless than 5% of the administerg
sdose in both sexes by 28 days
post-treatment.

Half-life of PFDA whole body
Nelimination in males: 23 days
and in females: 45 days.

The liver contained the highest
concentration of PFDA-derived
¥C in both males and females,
followed by the plasma and
kidneys.

Purity of [1+C]
PFDA was 99%
(synthesized and
purified by study
authors)

d

Vanden Heuvel
JP, Kuslikis B,
Van Rafelghem
MJ, Peterson RE.
Disposition of
perfluorodecanoic
acid in male and
female rats.

Toxicol Appl
Pharmacol. 1991
Mar 1;107(3):450-
9.

9.1 Short summary and overall relevance of the providedoxicokinetic information on
the proposed classification(s)

Absorption

There are no studies available on the absorptidt+afA.

Metabolism

The metabolism of [#C]PFDA were examined in male and female rats fordags after a
single ip dose (9.4 umol/kg, 5 mg/kg) (Vanden Héwtaal., 1991). Only the parent compound
of PFDA was excreted in urine and bile and no uyir@ biliary metabolites of PFDA were
detected in either sex. Moreover, the daily urirexgretion of fluoride in male and female rats
before and after PFDA treatment was similar, sutjgggshat the parent compound is not
defluorinated. The results therefore demonstratecla of biotransformation of PFDA in male
and female rats.

Distribution
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5 days after injection (20 mg/kg bw, i.p.) of PFCAs rats, significant differences were

observed between PFCAs with a tendency that PFQA lenger carbon chain length was
higher in serum (Kudo et al., 2001). The concemmaibf PFDA in serum was approx.

(estimated from graphical presentation) 35 pg/murmsein males and 45 pg/ml serum in
females, and 120 ug/g liver and 140 pg/g liver mlamand female rats respectively. Serum
concentrations of PFOA and PFNA were significaridywer than those in male rats. Such
differences were also observed in hepatic concimtsa

In a study by Vanden Heuvel et al (1991) the ligcentained the highest concentration of
PFDA-derived®C in both males (2.7% dose of PFDA-derivé@ per gram tissue after 28
days) and females (4.04 % dose of PFDA-deri¥&l per gram tissue after 28 days) at all
investigated time points up to 28 days, followedthg plasma (0.32% and 0.74 % dose of
PFDA-derived'*C per gram tissue after 28 days in males and femaspectively) and the
kidneys (0.27% and 1.12 % dose of PFDA-deri¥&iper gram tissue after 28 days in males
and females respectively) after a single ip dosg |(®@ol/kg, 5 mg/kg) [F2C]PFDA.

PFDA has been found in human blood and elevatederdrations are observed following
specific exposure either via the environment (cmintated drinking water) or occupationally,
e.g. ski waxer (Freberg et al., 2010, Nilsson et 2010). Concentrations of PFDA (among
analysis of 26 per- and polyfluoroalkyl substanaga$ found in blood samples from pregnant
woman in Norway and the concentration was repaiteticrease with the age of the woman
(Berg et al., 2014). Moreover, mothers with low ityathad higher levels compared to
multiparous woman. This association was also desdrby Morck et al (2014) investigating the
levels perfluoroalkylated and polyfluoroalkylatedbstances (PFASs) in school children and
their mothers in Denmark. Furthermore, measuremeht®FDA in mothers and children
showed that there was a significant correlationvbeh the levels in children and their mothers
and that the levels were significantly higher ia ghildren compared to their mothers. In blood
samples from 83 children (30 females, 53 male€)swego county, NY, USA the mean value
of PFDA was 0.26 ng/ml (maximum 0.82 ng/ml) (Ta@lket 2008).

In a limited study (small, non-randomly selectedumteer samples) 90 human breast milk
samples from Japan, Korea and China were analyaeditd content of PFCAs. Mean
concentrations in human breast milk of PFDA ranfyech <15-21.3 pg/ml. Levels of PFOA,
PFNA, PFUnDA and PFDoDA were 51.6-93.5 pg/ml, 13271 pg/ml, 16-36.6 pg/ml, and <10
pa/ml, respectively (Fujii et al., 2012). PFDA walso detected in 4 out of 45 samples of breast
milk from women in Massachutes, USA in the conaaiun range <7.72-11.1 pg/ml (Tao et al
2008). However, in most breast milk samples of woieng in Barcelona city in Spain PFDA
was below the limit of quantification (Llorca et,&2010).

Elimination

In a comparative study by Ohmori et al (2003) amielation half-life in serum of 39.9 days in
male and 58.6 days in female Wistar rats aftenglsiintra-venous dose of 48.64 mmol/kg bw
PFDA was reported. The serum half-life of PFNA ianles was 29.5 and in females 2.44 days;
for comparison the half-life of PFOA was 5.63 an®8 days for male and female rats
respectively. The role of urinary excretion in phla@sclearance, renal clearance, was determined
and the total clearance rate for PFDA was founthgoextremely low in this study: 5.2 ml/
(day/kg) in male rats and 5.3 ml/ (day/kg) in feeedts. Ranking PFCAs according to the rate
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of renal clearance in this study resulted in tHo¥gang order: PFHA>PFOA>PFNAPFDA in
male rats, and PFHARFOA>PFNA>PFDA in female rats. The total clearawes significantly
highly correlated with the clearance raté=(.982) suggesting that carbon chain length
determines the excretion of PFCAs into urine. Oiganion transport proteins are reported to
play a key role in PFCAs (C4 to C10) renal tubukabsorption (Han et al, 2012) and the rate
of renal excretion of PFCAs has been demonstraiebet regulated by testosterone and is
determined by carbon chain length (Kudo et al., 1200

Fecal elimination was demonstrated to be a majaterof PFDA in both male and female rats
in contrast to the shorter perfluorinated fattydac{PFHA, PFOA)Kudo et al., 2001). More
than 4% of the injected dose of PFDA was elimindtgdlO0 hours. In contrast, Kudo et al
(2001) reported that the elimination of PFDA inngriwas 0.2% of the dose within 120 hours in
male rats (after i.v. injection) compared to 92%%band 2% for PFHA, PFOA and PFNA
respectively.

A sex difference in the fecal elimination of pedtodecanoic acid (PFDA) was observed with
51 and 24% of the administerétC being recovered in the feces of male and femais, r
respectively, by 28 days post-treatment after glsinp. dose (9.4 pmol/kg, 5 mg/kg) of [1-
1CJPFDA (Vanden Heuvel et al 1991). Half-life for vl body elimination of fC]JPFDA-
derived radioactivity was 23 days in males and 48sdin females. The female rat retained
approx. 70% of the dose after 28 days and malamezt only 44% of the dose. This difference
was demonstrated to be attributed to the fastenimdition of PFDA via fecal excretion in
males. The concentration Y derived from PFDA in blood was also higher in éerats and
the PFDA-derived radioactivity was eliminated mstewly in females with a half-life of 29
days compared to 22 days in male rats.

Read-across from the source chemical to fill datapg on toxicokinetics of PFDA and its
ammonium and sodium salts

There is limited toxicokinetic data available foF[PA and its ammonium and sodium salts.
Therefore, data on PFDA is supported by read-adross data on PFOA and its ammonium
salt APFO.

Justification

The read-across is justified based on structurallaiities between PFOA and PFDA. Both
substances have a common functional group with tr@yperfluorinated carbon chain differing
in length. In addition, the target and source cloaimhave physicochemical and toxicological
similarities. The toxicokinetics of PFDA and its mwnium and sodium salts is therefore
assumed to be predictable on the basis of structimdlarities with PFOA and APFO. PFDA
and PFOA are relatively strong acids and are erpleitt dissociate to their respective anionic
form at physiological pH. Both acids (PFDA and PHGehd their salts are expected to be
available to cells in the form of their corresporglicarboxylate anion (PFD and PFO,
respectively) and are therefore considered toxgio#dly equivalent. Moreover, to further
support the read-across the data is discussedcongext of several similar perfluorinated
carboxylic acids (PFCAs) with carbon chain length28 (further details on the read-across
justification, please refer to the read-across mapp format below). The PFCAs in the
supporting chemical category are in the same rahgaolecular weight and they are lipophilic
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with increasing partition coefficient and decregswater solubility with increasing chain
length. Therefore, it is reasonable to assumetligatate of absorption, metabolism, distribution
and elimination of PFDA is predictable based ordraeross from APFO/PFOA supported by
data of PFCAs with carbon chain length 8-12 whea daavailable.

Source chemical data

Below follows the text from the Background Documéat APFO (RAC Annex 1 Background
document to the Opinion proposing harmonised diaation and labelling at Community level
of Ammoniumpentadecafluorooctanoate (APFO), ECHAZ(page 11).

“A summary of the toxicokinetics of APFO/PFOA isa&ed in the OECD Draft SIDS (2006)
Initial Assessment Report of APFO and PFOA anddtuded below: Limited information is
available concerning the pharmacokinetics of PFOAd ats salts in humans. Preliminary
results of a 5-year half-life study in 9 retirednkeers indicate that the mean serum elimination
half-life of PFOA in these workers was 3.8 yea&7@ days, 95% CI, 1131-1624 days) and the
range was 1.5 - 9.1 years.

Metabolism and pharmacokinetic studies in non-huma@amates has been examined in a study
of 3 male and 3 female cynomolgus monkeys admmest@ single i.v. dose of 10 mg/kg
potassium PFOA. In male monkeys, the average sénaifrife was 20.9 days. In female
monkeys, the average serum half-life was 32.6 dayeddition, 4-6 male cynomolgus monkeys
were administered APFO daily via oral capsule atat®0 mg/kg-day for six months, and the
elimination of PFOA was monitored after cessatidndosing. For the two 10 mg/kg-day
recovery monkeys, serum PFOA elimination halfdifas 19.5 days, and the serum PFOA
elimination half-life was 20.8 days for the thréerig/kg-day monkeys.

Studies in adult rats have shown that the ammonéath of PFOA (APFO) is absorbed
following oral, inhalation and dermal exposure. @@r pharmacokinetic parameters and the
distribution of PFOA have been examined in thaudssof adult rats following administration
by gavage and by i.v. and i.p. injection. PFOA riisttes primarily to the liver, serum, and
kidney, and to a lesser extent, other tissueseobtdy. It does not partition to the lipid fraction
or adipose tissue. PFOA is not metabolized ancdetlieevidence of enterohepatic circulation of
the compound. The urine is the major route of eiameof PFOA in the female rat, while the
urine and feces are both main routes of excretiomale rats.

There are gender differences in the eliminatio®BOA in adult rats following administration
by gavage and by i.v. and i.p. injection. In femalis, following oral administration, estimates
of the serum half-life were dependent on dose anded from approximately 2.8 to 16 hours,
while in male rats estimates of the serum half-fiédlowing oral administration were
independent of dose and ranged from approximat@@ fo 202 hours. In female rats,
elimination of PFOA appears to be biphasic withagtfphase and a slow phase. The rapid
excretion of PFOA by female rats is believed todbe to active renal tubular secretion
(organic acid transport system); this renal tubulsecretion is believed to be hormonally
controlled. Hormonal changes during pregnancy dbagpear to cause a change in the rate of
elimination in rats.

Several recent studies have been conducted to egaime kinetics of PFOA in the developing
Sprague-Dawley rat. These studies have shown th@APreadily crosses the placenta and is
present in the breast milk of rats. The genderetkfice in elimination is developmentally
regulated; between 4-5 weeks of age, eliminatisumes the adult pattern and the gender
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difference becomes readily apparent. Distributitudges in the post weaning rat have shown
that PFOA is distributed primarily to the serunvdi, and kidney.

Additional information on toxicokinetics will be alable in the Annex XV Report (in
preparation): PFOA has been found in human bloamhfrall around the world and elevated
concentrations are observed following specific expe either via the environment
(contaminated drinking water) or occupationally.eltime trend studies show that PFOA levels
are significantly associated with the time workagya ski waxer (Freberg et al., 2010, Nilsson
et al., 2010b; Nilsson et al., 2010a) and some mestudies strongly indicate that PFOA levels
increase with age (Haug et al., 2010, Haug et2011).

PFOA has been shown to be readily transferred ® fdtus through the placenta both in

laboratory animals and humans. Further, breast nidkan important source of exposure to
breast-fed infants and the PFOA exposure for the&nts is considerably higher than for

adults. Gestational and lactational exposure isspécial concern as the foetus and newborn
babies are highly vulnerable to toxicant exposure.”

Supporting data

In addition, text from the Background Document R&#NA and its sodium and ammonium salts
(RAC Annex 1 Background document to the Opinionpping harmonised classification and
labelling at Community level of PFNA and its ammani and sodium salts, ECHA 2014) is
included (below). PFNA-data on its own for readessr purposes to PFDA is not sufficient,
however, since PFNA is even closer in structureR®A than PFOA the available data support
the read-across between PFOA and PFDA.

“In a study by Tatum-Gibbs et al. (2011) Spragueall®y rats and CD-1 mice were given a
single oral dose of PFNA (dose levels were 1, 3,mg/kg bw for rats and 1 or 10 mg/kg bw
for mice), blood was collected at several time oiurp until day 50 after treatment when also
the liver as well as the kidneys were collectedui®eand tissue concentration of PFNA were
determined. The authors of the paper concludedttfeserum elimination of PFNA was linear
with exposure doses in the rat. Similar to PFOAagamsex difference in the rate of elimination
was observed in the rat (estimated half-life o63fays for males and 1.4 days for females). In
the mouse, the rate of elimination were non-lineéth exposure dose and were slightly faster
in females compared to males (estimated serumlifealéf 25.8 days (at 1 mg/kg bw) to 68.4
days (at 10 mg/kg bw) in females as compared t® &dys (at 1 mg/kg bw) to 68.9 days (at 10
mg/kg bw) in males). For both rats and mice, PFN&s wreferentially stored in the liver but
not the kidneys. The authors also reported thahice the hepatic uptake appeared to be more
efficient and that the storage capacity was greatanale mice as compared to females.

In a study by Benskin et al. (2009), seven maladi@-Dawley rats were administered a single
gavage dose of 390 pg/kg PFNA (200 pg/kg n-PFNA1R@dug/kg iso-PFNA). Samples of
urine, feces and tail blood were collected overda§s. The average PFNA concentration in
blood after 24 hours was 350 ng/ml n-PFNA and 53nhiso-PFNA. The first 24 hour blood

isomer profiles were primarily an indication of afge. The half- life for n-PFNA was 40.6 days
and 20.7 days for iso-PFNA. These data suggest dqifeferential uptake and elimination of

iso-PFNA in blood. The daily total average of PFBIA&Xcretion in urine was 32-35% of the
given dose and 65-68% of the given dose in fecescéhtrations of PFNA (both iso and n-
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PFNA) were analyzed in various tissues. The higt@stentrations of PFNA were found in the
liver (2.3 ng/g for n-PFNA and 2.7 ng/g for iso-PENfollowed by kidneys, lungs, heart,
spleen, testes, muscle, fat, intestines and brain.

In a study by Henderson and Smith (2006) pregnace miere exposed to a single gavage dose
(30 mg/kg bw) of FTOH (8-2 fluorotelomer alcohot) 6D 8. Whole body homogenates of
fetuses at different gestational ages from expatsds were analyzed for the presence of
FTOH or its metabolites (among others PFOA and PENaddition pups from other females
exposed in a similar way were crossed fosteredthacamounts of FTOH, and its metabolites
were analyzed in whole body homogenates/serum/lifethe pups. Since no FTOH was
detected in maternal liver or serum nor in fetusdgen first analyzed 24 h after dose, FTOH
was presumed to have been metabolized by the danbath PFOA and PFNA. Both PFNA
and PFOA (but not FTOH) were found in whole bodynbgenates of the in utero exposed
fetuses as well as in serum and liver of pups fn@mated dams that following birth had been
raised by control dams as well as in pups from drdams that were raised by treated dams.
These results show that PFNA and PFOA can crosglteEnta and that both compounds are
secreted into the milk.

The transfer of PFNA from dam to pup was also showa study by Wolf et al. (2010).
129S1/SvimJ mice were administered PFNA by gavage &3, 1.1 1.5 and 2.0 mg/kg) on GD
1-18. Blood was collected at time of weaning frowa dams as well as from the weanlings and
the concentration of PFNA in serum was measured. skbdy reported that the concentration
in the pups as well as in the dams increased witiheasing dose levels. Interestingly, at the
time of weaning the serum concentration in the pwmse in the same range as the
concentration found in the dams (~35 andw@®ml in the dams and pups, respectively, at the
high dose level). Furthermore serum concentratibRIENA was higher in non-lactating adult
females (29-64 pg/ml depending on dose) as compardattating dams (9-35 pg/ml). Even
though the design of the study makes it impossibldetermine the contribution of placental
versus lactational transfer of PFNA, the resultggest transfer of PFNA to the pup via the milk
could be substantial.”

Conclusion of the read-across data

In rodents, PFOA is demonstrated to be well absbrelly. >93% of the total’C was
absorbed within 24 hours after a single oral ddsé@PFOA (11 mg/kg) in male rats (Gibson
and Johnson, 1979). In addition, PFOA/APFO is regabto have high absorption in rodents
following inhalation exposure, but limited absoggtifollowing dermal exposure. Comparable
absorption data for PFCAs C8-C12 are not availahke,can be assumed to be high based on
their similar physicochemical properties. Thus, PFB also assumed to be well absorbed in
rodents after oral administration or inhalation.

The highest concentrations of APFO are found irdbjdiver, kidney and lung (Hundley et al.,
2006; cited in Annex XV dossier PFOA, ECHA 2013ENA primarily distributes to the liver

in mice (Tatum-Gibbs et al., 2011; cited in BD CBHNA, ECHA 2014) and in rats the highest
levels are found in liver and kidney (Benskin et a009; cited in BD CLH PFNA, ECHA

2014). A similar distribution pattern was seen umtans as in laboratory animals for PFOA,
with the highest concentrations found in lung, lkegnliver and blood (Maestri et al., 2006;
cited in Annex XV dossier PFOA, ECHA 2013). In argmarative study by Kudo et al (2001), it

18



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

was reported that PFDA highly remains in liver dnat concentrations of PFDA compared to
PFOA and PFNA was higher in both male and femdkeSalays after injection.

Gestational and lactational transfer of PFNA an@®RFhave been demonstrated (Henderson
and Smith, 2006; cited in BD CLH PFNA and its amimom and sodium salts, ECHA 2014)
and studies of PFDA indicate that the substancebeasecreted into breast milk (Fuijii et al.,
2012; Tao et al 2008).

There is a species and gender difference in thiedkixetics of PFCAs. In mice, the difference
between the elimination of PFOA in serum betweenddxes is small; the substance is slowly
eliminated from blood over a long period (Hundldyaé, 2006; cited in ECHA Annex XV
dossier PFOA, 2013). In contrast, there is a proned sex difference in the elimination and
half-life of PFOA in rats. The urine is the majaute of excretion of PFOA in the female rat,
and it is significantly faster excreted in femaddésrthan in male rats (Kudo et al., 2001). The
rapid excretion of PFOA by female rats is believ@de due to active renal tubular secretion
(organic anion transport system) which is reguldtgdestosterone and is determined by carbon
chain length. Accordingly, PFCAs with carbon chiingth<10 are mainly excreted via urine
in rats with a faster elimination in females congahto male rats (Kudo et al., 2001). The main
excretion route of PFDA is via feces for both matel female rats and the half-life of PFDA in
rats (39.9 days in males, 58.6 days in female&)riger and the gender difference is smaller
compared to the half-life of PFOA (5.63 days in @sal0.08 days in females) and shorter
PFCAs.

An elimination half-life around 2-4 years for PFQ#as been reported in humans, and in
contrast to e.g. rats no sex differences have bbsearved with respect to the elimination rates.
In addition, it should be noted that median hum&MNR and PFOA serum concentrations in
children are very similar for girls and boys (Sdeecet al., 2012; cited in BD CLH PFNA,

ECHA 2014), suggesting that the mouse is the medeainimal model for these PFCAs. There
are no toxicokinetic studies in mice available RifDA and there is no data on the elimination
of PFDA in humans. However, it is very likely tidaie to the similarities between PFOA and
PFDA with regards to physicochemical properties kmd) elimination half-lives in exposed

animals, that the elimination half-life for PFDA lumans is extremely long and within the
same range as the ones recorded for PFOA. If angsthiccording to the elimination half-life in

serum for rats, PFDA is anticipated to be more Blogliminated as compared to PFOA.
Furthermore, considering the long half-life in réts both male and females, rats may be
considered as a relevant model, as well as mooshufmans to study adverse effects of PFDA.
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10. EVALUATION OF HEALTH HAZARDS

Read-across for the purpose of harmonised classifion of health hazard classes

Read-across for the purpose of harmonized claasdic of health hazards of PFDA is based on the
structural similarities and functional similaritié@s physicochemical properties and biological/takigical
properties between the target chemical PFDA anddhbece chemical PFOA.

The method of chemical categories or grouping fgstted in REACH Article 13 lformation on intrinsic
properties of substances may be generated by nwhasthan tests, provided that the conditionsosgtin
Annex Xl are met. In particular for human toxicitgformation shall be generated whenever possilyle b
means other than vertebrate animal tests, through use of alternative methods, for example, inovitr
methods or qualitative or quantitative structurdieity relationship models or from information from
structurally related substances (grouping or reamntess).

For identification and examination of availableamhation on substances for the purpose of harmdnise
classification and labelling it is stated in CLPgaktion (EC) No 1272/2008, Article 5.Manufacturers,
importers and downstream users of a substance #fhatfitify the relevant available information foreth
purposes of determining whether the substancelsrtghysical, health or environmental hazard ascsg

in Annex |, and, in particular, the following: (eny other information generated in accordance \gitigtion

1 of Annex XI to Regulation (EC) No 1907/2006. Sifastion based on grouping of substances and+ead
across approach is supported in REACH regulatio@)(lo 1907/2006, Annex Xl, section 1.5: Substances
whose physicochemical, toxicological and ecotoxigigial properties are likely to be similar or folloa
regular pattern as a result of structural similaritmay be considered as a group, or “"category" of
substances. Application of the group concept rexpuihat physicochemical properties, human heaftécef
and environmental effects or environmental fate rhaypredicted from data for reference substance(s)
within the group by interpolation to other substasdn the group (read-across approach). [...]

The similarities may be based on:
1) a common functional group;

2) the common precursors and/or the likelihoodahmon breakdown products via physical and bioldgica
processes, which result in structurally similar otieals; or

3) a constant pattern in the changing of the poyesfche properties across the category.

If the group concept is applied, substances shaltlbssified and labelled on this basis.

As described in the read-across reporting formbivb®FDA and PFOA have a common functional group,
they are highly similar according to their chemistlicture and belong to the same chemical cldsBAP
and PFOA are relatively strong acids (c.f. pKa egaluestimated range -0.21 to -5.2) and are expécted
dissociate to their respective anionic forms atspdlpgical pH. Both acids (PFDA and PFOA) and tisaits

are expected to be available to cells in the fofrtheir corresponding carboxylate anion (PFD an®PF
respectively) and are therefore considered toxgiodlly equivalent. The target chemical PFOA have a
harmonised classification and is included in thedidate list, however, there are very few studieBOA.
Instead read-across from its ammonium salt APFQCe Haen used to fill data gaps for the purpose of
harmonised classification. The justification to USBFO data for assessment of PFOA is based on the
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expected availability of both substances to cellplaysiological pH in the form of the corresponding
carboxylate anion (PFO). The main difference betw@EOA and its ammonium salt APFO is the initial pH
value when coming into contact with body surfa¢éswever, both PFOA and APFO yield acidic pH values
in water. In analogy, PFDA and its ammonium andigndsalts will also be available to cells at
physiological pH in the form of their correspondiagion (PFD) which is responsible for the systemic
toxicity (oral or inhalation route). Thus, for sgstic effects exerted via oral or inhalation rodlke read-
across is between the two anions PFO and PFD.

Since there is a greater database for APFO/PFOAchwias been extensively reviewed compared to the
other long-chain PFCAs and their salts, an analogpgroach for chemical grouping was applied to
APFO/PFOA and PFDA and its ammonium and sodiuns daftthe purpose of harmonised classification.
To fill data gaps, read-across one-to-one (oneogoal used to make estimation for a single chemical)
between PFOA and PFDA was performed, and data @APB-12 was included to support the read-across
robustness. Details on the read-across approacishowing the trend of physicochemical propesies the
structural similarities are given in Table 10.

In this report, the classification proposal focuses hazards that are evidence-based, not dependent
potency, and hazardous effects that are due tersyseffects, rather than local effects.
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Read-across reporting format of an analogue approdc

1.

Hypothesis for the analogue approach

The hypothesis behind the analogue approach isdbase the structural similarities between the

perfluorinated carboxylic acids: the target substaRFDA and its ammonium and sodium salts and the
source substance PFOA and its ammonium salt. Tistasces also display similarities in physiocheimjica

properties, toxicokinetics and toxicological prefil The selectedource chemical (PFOA) with |a
perfluorinated carbon side-chain length of 8 arelttrget chemical (PFDA) with a perfluorinated cerb
side-chain length of 10 are expected to behave predlictably similar manner. Thus, the analogue
approach can be used to fill data gaps from theceothemical PFOA where data on the target chemical
PFDA is lacking.

For the purpose of harmonized classification arukllang the analogue approach was applied to|the
endpoints reproductive toxicity and cancer.

2.

Source chemical
The source chemical is 2,2,3,3,4,4,5,5,6,6,7, B§8ntadecafluorooctanoic acid (PFOA)

F : \ \,_///\:\ 7
F ; \ /\ \'/-“\‘ F
XN
E \>/,,/ . F
NN
NN F
N 2
F / \ F
F
CAS 335-67-1

And its salt: Ammonium pentadecafluorooctanoate

o}
/

EREEE
F

L[]
F FFFF F F

CAS 3825-26-1

3.
Purity / Impurities

The degree of purity for PFDA is 98% and the impesi are unknown. The degree of purity for PFOA is
98% and the impurities are also unknown.

4.

Analogue approach justification
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Structural similarities

PFOA and PFDA are both perfluorinated carboxylidadPFCAS) containing a carboxylic acids grqup
and a perfluorinated carbon chain that structuralhyy differentiate in two added carbons and fpur
fluorines (two CF2-groups). The Organization fomEsmic Co-operation and Development has defined
long-chain perfluorinated carboxylic acids as PF@#th carbon chains of 8 carbons (OECD, 2012), a|1\d

both the target and the source chemical fits ini® definition.

The dossier submitter has in this report for theppse of supporting the read-across further inauttie
target and source chemicals in a supporting chématagory with structurally similar long-chain PRE
with carbon chain lengths 8-12. The supporting PE@Ad the source and target chemicals with 8-12 CF2
groups belong to the same chemical class in tlegt i contain a common functional group and they|a
highly similar according to their chemical strueurTherefore, they are expected to have sinilar

physicochemical properties and to behave in a gtaldie manner across the defined category spedtrum
with regards to toxicological properties.

The ammonium salt of the source chemical and thm@rium and sodium salts of the target chemical are
included in the read-across and in this classificaproposal since it is assumed that PFOA and its
ammonium salt APFO are mainly available to celld issues (with its physiological pH) in the forrh|o
the corresponding carboxylate anion (PFO). In angloPFDA and its salts (ammonium
nonadecafluorodecanoate (CAS 3108-42-7) and sodiumadecafluorodecanoate (CAS 73829-36-4))| are
also mainly available to cells and tissues in threnfof the corresponding carboxylate anion (PFDST
the read-across between the source chemical PF@Asaammonium salt and the target chemical PRDA
and its ammonium and sodium salts is essentialiydmn the two anions: PF@nd PDFE This justifies
using the toxicological data from APFO/PFOA for tkad-across to PFDA and its ammonium and sodium
salts.

Similarities in physicochemical properties

The physicochemical properties of PFOA and PFDvels as APFO and the ammonium and sodium galts
of PFDA are similar or at least in the same rafmfeDA has a higher melting/freezing and boiling pgin
than PFOA and with increasing chain length of ti81@2-PFCAs the melting and boiling point incredse.
The partition coefficient (calculated by COSMOtheMdang et al., 2011) is predicted to increase With
increasing chain length and the water solubilitpriedicted to decrease with increasing chain lenfjtis
is in agreement with the fact that the polaritytted substances decreases with an increasing arajthl
The calculated log Kow of PFOA and PFDA are 5.3 éridlrespectively using COSMOtherm (Wand et
al., 2011) or 4.81 and 6.15 respectively, estimaisidg EPI Suite (BD CLH PFNA, ECHA 2014). The
measured values for the water solubility of PFOA a4 — 9.5 g/l (dependent on the temperature] the
critical micelle concentration = 3.7 g/l for the ®Rnion) and 5.14 (at 25°C) for PFDA. The prediqted
values for water solubility of PFDA and PFOA (sesble 10) are, however, much lower (in the mg/| or
ng/l range, depending on prediction model) and @i greater difference in solubility between PHOA
and PFDA. The reason for the discrepancies betweemeasured values for PFDA and PFOA and| the
estimated values are most likely due to the naifithese compounds.

The dissociation constant calculated by SPARC so#twBD CLH PFNA, ECHA 2014) indicates high
similarities between PFOA and PFDA, and also actlesscategory. Using two different pKA predictipn
softwares (SPARC and COSMO-RS) Goss (2008) havelwded that the chain length of perfluorinated
carboxylic acids seems to have a minimal effecthenpKa values. The assumption would thereformBEIt
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the pKa value for PFOA and PFDA (C10) most likelyl e very similar. Indeed, the pKa of PFOA ard
PFDA as calculated by SPARC (BD CLH PFNA, ECHA 2Dtvere -0.21 and -0.22 respectively. Using

the Chemld plus software the estimated pKa valusre womewhat different from the values predicted by
the SPARC software (i.e pKa of PFOA and PFDA wer@ and -5.2, respectively) (BD CLH PFENA,
ECHA 2014).

There are no measured pH values for PFDA or its @mum or sodium salts. Both PFOA and PFDA pre
relatively strong acids which are virtually complgtprotolyzed in water, and thus the pH will odigpend
on the concentration of the acid. In water the pii@s for the ammonium salts will be determinedHzmy
ammonium ion and thus it seems reasonable to asthahéhe pH value of the ammonium salt of PFPA

will be the same as the one for the ammonium $dF®A (see Table 10). Hence, from a perspective of
possible differences in pH, read-across for lotfces from the ammonium salt of PFOA (APFO) to the

ammonium salt of PFDA would be justified as welllas read-across between PFOA and PFDA.

Similarities in toxicokinetics

The chemical structure of the target and sourcentdads renders them both lipid and hydro repellgnt.
Studies in adult rats have shown that the ammorgaihof PFOA (APFO) is absorbed following orgl,
inhalation and dermal exposure. PFDA has been shimwbe absorbed after oral administration |(as
indicated by liver toxicity, Brewster and Birnbaul®89) and intraperitoneal injection (as indicated| b
detectable levels in serum and liver, Kudo et &130

PFOA distributes primarily to the liver, serum, &tidney, and to a lesser extent, other tissuebeobbdy
following administration by gavage and by i.v. dmq injection in rat. Similarly, after i.p. admatration
of PFDA in rats the highest concentrations werenébin liver, plasma and kidney. Moreover, bgth
substances are detected in human breast milk aod serum.

Perfluoroalkylated substances are considered texpeemely resistant towards thermal, chemical jand
biological degradation due to the high carbon-filb@rond strength and consequently, PFOA and PFDA
are not metabolized.

The plasma half-life of PFOA in rats is 5.63 daysriales, and 0.08 days in females. For PFDA thenmda
half-life in rats is longer in both males and fee%al39.9 days and 58.6 days, respectively (Ohmaii. g
2003). Less gender difference in elimination isestsd in mouse for PFOA where plasma half-lives in
males and females are 19 days and 17 days resggctivau et al., 2007). No corresponding data|for
PFDA in mouse is available.

Similarities of adverse health effects

The mode of action for some of the toxicity caubgdAPFO/PFOA and PFDA has been identified as|the
ability of these compounds to activate the perorisgroliferator-activated receptar(PPARy). This is
recognized to be due to their structural similagtiwith endogenous fatty acids. However, other
mechanisms are also indicated to be involved infeegatotoxicity and reproductive toxicity. Theieity
of mouse or human PPARN transiently transfected cells indicated thathwncreasing chain length of
PFCAs, up to C9 (PFNA), the activity of PPARcreased (Wolf et al., 2008). PFDA, the longdsCR
tested in this study, induced lower activity of melPPAR compared to both PFOA and PFNA but higher
activity compared to shorter chain perfluoroalkgthticids (PFAAS), and no activation by PFDA of hama
PPARx was detected in this assay.

Acute toxicity:PFDA and PFOA show low to moderate acute toxifitiowing oral exposure (Harris ¢t
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al., 1989; Glaza et al., 1997 cited in ECHA Backgm Document for PFOA, 2011). PFDA has an
LD50 of 120 mg/kg in female mice (Harris et al. 829 and PFOA has an oral LD50 of 250-500 mg/k
female rats (Glaza et al., 1997). Moreover, aftpr administration in male rats LD50 30 days p
treatment for PFOA and PFDA were 189 mg/kg and 4lkgirespectively (Olsen Andersen 1983).
mortality of PFDA was demonstrated to be delayedpmared to PFOA.

Target organ toxicity: Liver is the main target for PFOA and PFDA andthb chemicals caus
hepatotoxicity in rodents, mainlgnanifested as hepatocellular hypertrophy, incetdiser weight, and
hepatocellular vacuolation.

Other common toxic effects by PFCAs include:

- Decreased body weight

- Effects on lipid metabolism

- Effects on thyroid hormone levels — decreaseddoibyronine (T3) and thyroxine (T4)
- Immunotoxicity (atrophy of thymus and spleen, s@sped antibody responses)

Cancer:In a promoting-activity study in rats PFDA was rgpd not to increase tumor incidence or altg
hepatic foci, indicating that PFDA is not a proniodé hepatocarcinogenesis. However, in rainbowtt

PFDA were shown to enhance liver tumorigenesis (Beghoff et al., 2012). The source chemi
APFO/PFOA has been demonstrated to be a non-gaadtegatocarcinogen in rodents which partly
be attributed to PPAdRactivation and APFO/PFOA has also been reportedctease rates of Leydig c4
tumours and of pancreatic acinar cell tumours witblear mode of action in rodents.

Reproductive toxicity:PFCAs have been shown to possess reproductive pxiperties. Commonl
observed effects in the offspring following in wexposure of PFCAS in the range C8-C12 include:

- Reduced fetal/neonatal body weight and reduced-baght gain in pups.

- Reduced perinatal/neonatal viability (including tadity).

- Delayed eye opening

- Delayed onset of puberty
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(an animal model not responsive to peroxisome fgraliion) various PFCAs including PFOA, PFNA and
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5.

Data matrix

The data matrix is constructed by endpoints vetarget (PFDA) and source (APFO/PFOA) substa
For support in the discussion of the appropriatenes the read-across approach, additig
perfluoroalkylated carboxylic acids are includedhe data matrix in the range C8-12 to visualizadis in
properties according to carbon chain length. Tha deatrix is constructed with category endpointsus
members. The members are ordered according toaisiage chain length and molecular weight. Datg
physicochemical properties and toxicokinetics areluded in the matrix, and experimental results
toxicological effects are presented to indicateilsimadverse effects and potencies of the cate
members. For read-across purposes, experimentalaatreproductive toxicity and carcinogenicity
listed.
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salts interpolation from measured values of thecouohemical PFOA/APFO was used to estimate mi

To fill the data gaps on reproductive toxicity asafcinogenicity of PFDA and its ammonium and sodslum

sing
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data points.

A more comprehensive summary of reproductive toxigtudies and carcinogenicity of the soufce
chemical PFOA and its ammonium salt are found irCRéanex 1 - Background document to the Opinjon
proposing harmonised classification and labelling t a Community level of
Ammoniumpentadecafluorooctanoate (APFO), ECHA 2012.

6.
Conclusions

The similarities between PFDA and APFO/PFOA withgamls to structure, functional group,
physicochemical properties and toxicological eHeate concluded to be sufficient to perform a rgad-
across.

Based on the data from the extensively tested soahemical APFO with carbon chain length [C8
compared to the target chemical with carbon clexigth C10, supported with data of longer PFCAs (G11
12) it is reasonable to assume that the toxicoldgicoperties of the less well studied target clvaiian
be predicted. The source chemical APFO/PFOA andntmonium salt have harmonised classificatipns
(Index no 607-704-00-2 and 607-703-00-7 respegtiviehnex VI to CLP) including Repr. 1B and Carc| 2

and have been identified as Substances of Very lighcern and subsequently been included in| the
Candidate List pursuant to REACH article 57c (E26323). Moreover, a RAC opinion concluding on the

harmonised classification of the C9 PFCA PFNA ascaimmonium and sodium salts was recently agreed
based on read-across from APFO/PFOA resulting &aflgnn an identical classification as APFO/PFQA,
with the addition of Repr. 2 H361f and STOT-RE Ltloymus and spleen.

The available data thus permit an assessment aidegtive toxicity and cancer. PFDA and its ammaniju
and sodium salts are anticipated to behave in #gasimay as the source chemical. Therefore, a haised
classification of PFDA and its ammonium and sodsaits as Repr. 1B H360Df is warranted. One |can
assume that the effects of PFDA if anything wougdhiore severe than for APFO/PFOA and PFNA due to
the slower elimination of PFDA compared to APFO/REGs demonstrated in rats. In addition| a

harmonised classification of PFDA and its ammonamd sodium salts as Carc. 2 is warranted.
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Table 10. Data matrix for the analogue read-acasic substance information, physical chemicaperties and toxicokinetics relevant to justify read
across in the health hazard assessment (reproduckicity and carcinogenicity).

Source chemical Support Target chemical Support Support
APFO PFOA PENA PFDA PFUNDA PFDoDA
(C8-PFCA) (C8-PFCA) (C9-PFCA) (C10-PFCA) (C11-PFCA) (C12-PFCA)

IDENTIFICATION

Chemical CF3(CF2)6-COO- CF3(CF2)6-COOH CF3(CF2)7-COOH CF3(CF2)8-COOH CF3(CF2)9-COOH CF3(CF2)10-COO¥
structure NH4+
CAS no 3825-26-1 335-67-1 375-95-1 335-76-2 2058-94-8 307-55-1
PHYSICOCHEMICAL PROPERTIES
Molecular | 431.095 414.07 464.076 (free acid) 514.084 564.0909 614.0984
weight
(g/mol)
Physical state| solid solid solid solid solid solid
at 20°C and| (according to melting (Kirk-Othmer, 1994) (according to melting (according to melting (according to melting (according to melting
101.3 kPa| point) point) point) point) point)
Melting/ | 157-165 (decomposition | 54.3 65-68 87.4-88.2 112 -114 112 -114
freezing point| starts above 105°C) (Lide, 2003) (Oxford University (Hare et al., 1954) (Huang et al., 1987) (Huang et al., 1987)
(C°) | (Lines and Sutcliff, 1984) Chemical Safety Data
52 -54 sheet)
130 (decomposition) (Kirk-Othmer, 1994)
(3M Company, 1987)
Boiling point | Decomposition 188 at 1013.25 hPa 218 at 740 mmHg 218 249
(C°) | (Lines and Sutcliff, 1984) | (Lide, 2003) (Oxford University (Sigma Aldrich, 2004; (Data from SRC PhysProyq
Chemical Safety Data Kauck and Diesslin, 1951 Database; Annex XV
- measured 189 at 981 hPa sheet) dossier C12-PFCA, ECHA
(Kauck and Diesslin, 2012)
1951)
238.4 at 101.325 kPa
. (Kaiser et al., 2005)
- estimated
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Vapour 128 at 59.3 °C 0.10
pressure (Washburn et al., 2005) | (Arp et al., 2006)
(Pa)
- measured
0.0081 at 20 °C 4.2 at 25 °C 1.31099.97 kPa (99.6 - | 3.1t099.97 kPa (129.6 - | 0.6 to0 99.97 kPa (112 - | 0.9 to 99.96 kPa (127 -
(Washburn et al., 2005) | (Kaiser et al., 2005); 203°C) 218.9°C) 237.7°C) 247.7°C)
(Washburn et al., 2005) | (Kaiser et al., 2005) (Kaiser et al., 2005) (Kaiser et al., 2005) (Kaiser et al., 2005)
- estimated| 0.0028 at 25°C
(Barton et al., 2009) 2.3at20°C 1.25 at 25°C
(Washburn et al., 2005) (ACD/Labs Software
(cited in Annex XV- V11.02; Annex XV dossie
dossier APFO, ECHA (cited in Annex XV- C12-PFCA, ECHA 2012)
2013) dossier PFOA, ECHA
2013)
Water | 14.2 at 2.5°C 9.5 at 25°C 5.14
solubility | (Shinoda et al., 1972; (Kauck and Diesslin, (Kauck and Diesslin,
(g/L) | cited in Annex XV- 1951) 1951)
dossier APFO, ECHA
- measured| 2013) 4.14 at 22°C
(Prokop et al., 1989)
(cited in Annex XV-
dossier PFOA, ECHA
2013)
43.34 mg/L 0.4813 mg/L 0.06258 mg/L 0.008043 mg/L 1.2E-4, pH 1 at 25°C 2.9E-5, pH 1 at 25°C
(WSKOW program, v1.42| (WSKOW program, v1.42| (WSKOW program, v1.42 (WSKOW program, v1.42 9.0E-4, pH 2 at 25°C 2.2E-4, pH 2 at 25°C
- estimated| (water sol from Kow); BD| (water sol from Kow); BD| (water sol from Kow); BD| (water sol from Kow); BD| 8.5E-3, pH 3 at 25°C 2.0E-3, pH 3 at 25°C
CLH PFNA, ECHA 2014)| CLH PFNA, ECHA 2014)| CLH PFNA, ECHA 2014)| CLH PFNA, ECHA 2014)| 0.056, pH 4 at 25°C 0.014, pH 4 at 25°C
0.14, pH 5 at 25°C 0.034, pH 5 at 25°C
0.00040249 mg/L 0.0020683 mg/L 9.942x10-5 mg/L 4.7238x10-6 mg/L 0.16, pH 6- 10 at 25°C 0.039, pH 6 at 25°C
(WATERNT Program, (WATERNT Program, (WATERNT Program, (WATERNT Program, 0.040, pH 7 at 25°C
v1.01 (from fragments); | v1.01 (from fragments); | v1.01 (from fragments); | v1.01 (from fragments); | (ACD/Labs Software 0.041, pH 8-10 at 25°C
BD CLH PFNA, ECHA BD CLH PFNA, ECHA BD CLH PFNA, ECHA BD CLH PFNA, ECHA V11.02; Annex XV
2014) 2014) 2014) 2014) dossier C11-PFCA, (ACD/Labs Software
ECHA 2012) V11.02; Annex XV dossie
C12-PFCA, ECHA 2012)
Partition 2.3-2.48 2.65-2.87
coefficient (Annex XV dossier C11- | (Annex XV dossier C11-
log Kow PFCA, ECHA 2012) PFCA, ECHA 2012)
- measured
- estimated 10.16

(Annex XV dossier C12-
PFCA, ECHA 2012)
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2.69 at pH 7 and 25°C
(ACD/Labs Software
V11.02)

(Annex XV dossier
PFOA, ECHA 2013)

logP 9.363+0.888 at 25°C|
(ACD/Labs Software
V11.02; Annex XV dossie
C12-PFCA, ECHA 2012)

6.3 (EPI suite
[Syracuse_Research_Co
oration, 2000-2008])

(Annex XV dossier
PFOA, ECHA 2013)

o

1.94

(EPISuite: KOWWIN
Program (v1.68); BD
CLH PENA, ECHA 2014)

4.81

(EPISuite: KOWWIN
Program (v1.68); BD
CLH PENA, ECHA 2014)

5.48

(EPISuite: KOWWIN
Program (v1.68); BD
CLH PFNA, ECHA 2014)

6.15

(EPISuite: KOWWIN
Program (v1.68); BD
CLH PENA, ECHA 2014)

5.30
(COSMOtherm, Wang et
al., 2011)

5.9
(COSMOtherm, Wang et
al., 2011)

6.5
(COSMOtherm, Wang et
al., 2011)

7.2
(COSMOtherm, Wang et
al., 2011)

7.8
(COSMOtherm, Wang et
al., 2011)

Dissociation
constant pKa

2.80 in 50% aqueous
ethanol (Brace, 1962)

2.5 (Ylinen et al., 1990)

2.80 in 50% aqueous
ethanol (Brace, 1962)

2.5 (Ylinen et al., 1990)

- measured
(cited in Annex XV 1.5 - 2.8 (Kissa, 2001)
dossier APFO, ECHA
2013) (cited in Annex XV
dossier PFOA, ECHA
2013)
2.57512 0.52+0.10 0.52+0.10
- estimated (dimensionless; Moroi et | (Annex XV dossier C11- | (Annex XV dossier C12-
al., 2001) PFCA, ECHA 2012) PFCA, ECHA 2012)
-0.21 -0.21 -0.22
(SPARC; BD CLH (SPARC; BD CLH PFNA,| (SPARC; BD CLH PFNA,
PFNA, ECHA 2014) ECHA 2014) ECHA 2014)
8.86 (NH4+) -4.2 -6.51 -5.2
(ChemiID Plus Advance; | (ChemID Plus Advance; | (ChemID Plus Advance; | (ChemID Plus Advance;
BD CLH PFNA, ECHA BD CLH PFNA, ECHA BD CLH PFNA, ECHA BD CLH PFNA, ECHA
2014) 2014) 2014) 2014)
pH value | Approx. 5 2.6 (1 g/l at 20°C)
- measured| (3M, 1987) (reliability not | (Merck, 2005) (reliability

assignable)

not assignable)
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- estimated

3.0 3.0 3.0
(SPARC; BD CLH (SPARC; BD CLH PFNA,| (SPARC; BD CLH PENA,
PENA, ECHA 2014) ECHA 2014) ECHA 2014)

5.9 3.0 3.0 3.0

(ChemlID Plus Advance;
BD CLH PENA, ECHA
2014)

(ChemlID Plus Advance;
BD CLH PENA, ECHA
2014)

(ChemlD Plus Advance;
BD CLH PFNA, ECHA
2014)

(ChemlID Plus Advance;
BD CLH PENA, ECHA
2014)

CLASSIFICATION AND RISK MANAGEMENT

Candidate list

Toxic for reproduction

Toxic for reproduction

vPVB (Article 57 e)

vPVB (Article 57 e)

(Article 57 c); PBT (Article 57 c); PBT ED/169/2012 ED/169/2012
(Article 57 d) (Article 57 d)
ED/69/2013 ED/69/2013
CLP Annex | 607-703-00-7 607-704-00-2 Adopted RAC opinion CLH proposal no CLH no CLH
VI September 12, 2014
CLH | Acute Tox. 4 H302 Acute Tox. 4 H302 Acute Tox. 4 H302

Acute Tox. 4 H332

Acute Tox. 4 H332

Acute Tox. 4 H332

Eye Dam. 1 H318

Eye Dam. 1 H318

Eye Dam. 1 H318

Carc. 2 H351 Carc. 2 H351 Carc. 2 H351 Carc. 2 H351
Repr. 1B H360D Repr. 1B H360D Repr. 1B H360Df Repr. 1B H360Df
Lact. H362 Lact. H362 Lact. H362

STOT RE 1 H372 (liver)

STOT RE 1 H372 (liver)

STOT RE 1 H372 (liver,
thymus, spleen)

TOXICOKINETICS

distribution

-rat

Highest'“C-
concentrations in the
blood and liver followed
by the kidneys, lungs, ang
skin in male rats after
administration of“C-
APFO. Negligible
amounts of“C in organs
of female rats.

(single oral dose, Hundley
et al., 2006)

Preferentially stored in the
liver but not the kidneys

(single oral dose, Tatum-
Gibbs et al., 2011)

Highest concentrations
were found in the liver
followed by kidneys,
lungs, heart, spleen, testg
muscle, fat, intestines and
brain in male rats

(12 weeks, administered
by diet, Benskin et al.,

2009)

Highest concentration
found in liver, plasma,
kidneys in both male and
female rats afte¥*C-
PFDA administration

(single i.p. dose, Vanden
Heuvel et al., 1991)
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- mouse

Highest!‘C-
concentrations in the
blood and liver followed
by the kidneys, lungs, ang
skin in both male and
female mice after
administration of“C-
APFO.

(single oral dose, Hundley
et al., 2006)

Preferentially stored in the
liver but not the kidneys

(single oral dose, Tatum-
Gibbs et al., 2011)

34.3% and 100% of the
total dose was excreted i
the urine and feces by
120 h after dosing in malg
and females respectively.

(single oral dose, Hundley
et al., 2006)

(rat, i.v., Kudo et al.,
2001)

Major difference in rate of
elimination in urine
between male and femalg
rats, with slower excretiory
in males

(rats, i.v., Ohmori et al.

half-life in 5.63 days male rats, 29.5 days male rats, 39.9 days male rats,
plasma 0.08 days female rats 2.44 days female rats 58.6 days female rats
-rat (rat, i.v., Ohmori et al., (rat, i.v., Ohmori et al., (rat, i.v., Ohmori et al.,
2003) 2003) 2003)
30.6 days male rats
1.4 days female rats
(rat, oral, Tatum-Gibbs et
al., 2011)
19 days male mice 34-69 days male mice
- mouse 17 days female mice 26-68 days female mice
(Lau et al., 2007) (mouse, oral, Tatum-
Gibbs et al., 2011)
3.8 years (24 males and 2
- human females; range 1.5 - 9.1
years)
(Olsen et al., 2007)
elimination | Urine major route of Urine major route of Urine major route of Feces major route of
excretion in male and excretion in the male and| excretion in female rats, | excretion in both male and
- rat | female rats. female rat. feces main route of female rats

excretion in male rats

(rat, i.v., Kudo et al.,
2001)

Difference in the rate of
elimination in urine
between male and femalg

rat, with slower excretion

(rat, i.v., Kudo et al.,
2001)

Minor difference in the
fecal elimination, with 51
and 24% of the
administered“C being
recovered in the feces of
male and female rats,
respectively, by 28 days
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2013)

in males

(rat, i.v., Ohmori et al.,
2003)

post-treatment.

(rat, i.p., Vanden Heuvel
et al., 1991)

Urine and feces primary
route of excretion in both

Hinderliter et al., 2005
cited in Annex XV-
dossier APFO, ECHA
2013)

BD CLH PFNA, ECHA
2014)

Indications of placental
and lactational transfer

(mouse, oral gavage, Wo
et al., 2010; cited in BD

CLH PENA, ECHA 2014)

- mouse
male and female mice.
11% of the total dose wag
excreted in the urine and
feces by
120 h after dosing in both
male and females.
(single oral dose, Hundley
et al., 2006)
total 50.5 ml/(day/kg) male, 6.9 ml/(day/kg) male, 5.2 ml/(day/kg) male,
clearance 2233.5 ml/(day/kg) female 105.7 ml/(day/kg) female | 5.3 ml/(day/kg) female
- rat
(rat, i.v., Ohmori et al., (rat, i.v., Ohmori et al., (rat, i.v., Ohmori et al.,
2003) 2003) 2003)
clearance <100 ml/kg/day in male | Virtually no CLR in Virtually no CLR in either
rate rats, males, male or female rat
- rat approx. 1000 ml/day/kg inl approx. 100 ml/day/kg in
female rats females (rat, i.v., Ohmori et al.,
2003)
(rat, i.v., Ohmori et al., (rat, i.v., Ohmori et al.,
2003) 2003)
gestational| Transferred to the foetus Can cross the placenta a
and | through the placenta. is secreted into breast mil
lactational | The offspring is exposed
transfer | from breast milk. (mouse, single gavage
dose of FTOH, Henderso
-rodents | (rat, oral gavage, and Smith 2006; cited in
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-human

Detectable concentrations
in cord blood. Found to bé¢
transferred to infants
through breast-feeding.

(Annex XV dossier
PFOA, ECHA 2013)

5 Detected in serum, cord
> blood and breast milk

(BD CLH PFNA, ECHA
2014)

Detected in breast milk

(Tao et al., 2008; Fuijii et
al., 2012)

HUMAN HEALTH HAZARDS

Acute tox

- oral

LD50 = 250-500 mg/kg in
rats

(Glaza, 1997; cited in BD
CLH APFO, ECHA 2011)

LD50 = 120 mg/kg in
female mice

(Harris et al., 1989)

- inhalation

LC50 = 0.98 mg/L (4 hour
exposure) in rat

(Kennedy et al., 1986;
cited in BD CLH APFO,
ECHA 2011)

LC50 > 18.6 mg/l (1 hour
exposure) in rat

(Rusch, 1979; Griffith and
Long, 1980; cited in BD
CLH APFO, ECHA 2011)

LD50/30= 189 mg/kg in
male rats

(Olsen Andersen et al.,
1983)

LD50/30= 41 mg/kg in
male rats

(Olsen Andersen et al.,
1983)

Repeated dose toxicity
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- liver | LOAEL = 30 ppm, based
on hepatocellular
hypertrophy,
hepatocellular
degeneration and/or
necrosis; cytoplasmic
vacuoles; increased
absolute and relative liver
weight.

(mouse, oral via diet for
28 days, Christopher and
Marisa, 1977; Griffith and
Long, 1980; cited in RAC
opinion CLH APFO,
ECHA 2011)

Relative liver weight dose
dependently increased
(p<0.001) in dams,
starting from lowest dose
tested 0.83 mg/kg/day.

(mouse, oral gavage, GD
1-18, Wolf et al., 2010)

LOAEL = 1 mg/kg/day
based on relative liver
weight in dams.

(mouse, oral gavage GD
6-15, Harris and
Birnbaum, 1989)

LOAEL = 0.3 mg/kg/day
based on increased liver
weight and centrolobular
hypertrophy of
hepatocytes

(rat, oral gavage, OECD
TG 422, Takahashi et al
2014)

LOAEL = 0.5 mg/kg/day
based on increased relati
liver weight and focal
necrosis.

(rat, oral gavage, OECD
TG 422; Kato et al 2014)

Carcinogenicity

Demonstrated to be a nor
genotoxic
hepatocarcinogen in
rodents which partly can
be attributed to PPAR
activation.

Increased rates of Leydig
cell tumours and of
pancreatic acinar cell
tumours with unclear
mode of action in rodents

(RAC opinion CLH
APFO, ECHA 2011)

Not a promoter of
hepatocarcinogenesis

(rat, monthly i.p.
injections for 9 or 18
months, Borges et al.,
1993)

Adverse effects on sexual function and fertility

34




CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

abnormalities

abnormalities increased
(p<0.05) at both doses
tested, 1 and 5 mg/kg
bw/day.

(mouse, oral gavage 6
weeks; Li et al., 2011).

based on increase in the
number of apoptotic
spermatogenic cells

(rat, oral gavage, 14 days
Feng et al., 2009)

-male LOAEL =5 mg/kg/day Marked atrophy of the Slight histopathological
reproductive based on increased epithelium of seminal changes in testis, slight tg
organs incidence of abnormal vesicles and marked severe findings in
seminiferous tubules. decreased epithelial height epididymis, slight to
at 80 mg/kg. Marked moderate changes in
(mouse, oral gavage 6 atrophy of the epithelium seminal vesicles and
weeks; Li et al., 2011). of glandular acini of the coagulating gland (no
ventral prostrate at 40 and statistical significant
80 mg/kg (no information changes) at 2.5 mg/kg/da
on quantification
available). (rat, oral gavage, OECD
TG 422; Kato et al 2014)
(rat, single dose i.p.;
Bookstaff et al., 1990)
Atrophy and degeneratior
of the seminiferous
tubules in testes at day 1¢
and persisted up to day 30
post-administration of 50
mg/kg (no information on
quantification available)
(rat, single dose i.p;
George and Andersen
1986)
-sperm Sperm morphology LOAEL =5 mg/kg/day Decreased spermatid and

spermatozoa counts at 2.
mg/kg/day (no statistical
significant changes)

(rat, oral gavage, OECD
TG 422 (Kato et al 2014)

Leydig cells, Sertoli cells

and spermatogonic cells

were displaying apoptotic
morphological features at
5 or 10 mg/kg/bw

(rat, oral gavage, 14 days
Shi et al., 2007)

o
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-altered
hormonal levels

LOAEL =1 mg/kg
bw/day based on reduced
plasma testosterone
concentration

(hPPARy mouse, oral
gavage, 6 weeks; Li et al.
2011).

Testosterone levels were
increased (87.5%, p<0.01
at 1 mg/kg/day but
significantly decreased at
5 mg/kg/day (85.4%, p <
0.01).

(rat, oral gavage, 14 days
Feng et al., 2009)

Decreased (p<0.05)
plasma testosterone and
5a-dihydrotestosterone
concentrations at 40 and
80 mg/kg

(rat, single dose i.p.;
Bookstaff et al 1990)

Dose-dependent decreas
in serum testosterone
levels. Markedly
decreased (p<0.05) levels
at 0.2 mg PFDoA/kg/day
and 0.5 mg PFDoA/kg/da

(rat, oral gavage 110 days;

Shi et al., 2009a)

14

-ER No ER antagonistic effect, No ER antagonistic effectf No ER antagonistic effect] No ER antagonistic effect, No ER antagonistic effect
transactivation no estrogenic effect no estrogenic effect weak estrogenic effect no estrogenic effect no estrogenic effect
in vitro
(Kjeldsen and Bonefeld- | (Kjeldsen and Bonefeld- | (Kjeldsen and Bonefeld- | (Kjeldsen and Bonefeld- | (Kjeldsen and Bonefeld-
Jorgensen 2013) Jorgensen 2013) Jorgensen 2013) Jorgensen 2013) Jorgensen 2013)
- AR LOEC: 1x10-5 LOEC: 5x10-5 LOEC: 1x10-5 No reported effect No reported effect
transactivation MOEC: 1x10-4 MOEC: 1x10-4 MOEC: 1x10-4
(with 25 pM IC50: 1.1x10-5 IC50: 5.2x10-5 IC50: 6.0x10-6 (Kjeldsen and Bonefeld- | (Kjeldsen and Bonefeld-
DHT) in vitro Jorgensen 2013) Jorgensen 2013)

(Kjeldsen and Bonefeld-
Jorgensen 2013)

(Kjeldsen and Bonefeld-
Jorgensen 2013)

(Kjeldsen and Bonefeld-
Jorgensen 2013)

Adverse effects on the development of the offspring

- resorptions LOAEL =5 mg/kg/day Increased percentage of | Increased % resorptions
llitter loss based on increased dams with full litter per litter at 6.4 mg/kg
percentage of dams with | resorptions or whole litter| bw/day (19.1%) (not
full litter resorptions loss at 2 mg/kg/day (not | statistical significant)
statistical significant)
(mouse, oral gavage GD (mouse, oral gavage GD
1-17; Lau et al 2006) (mouse, oral gavage GD | 6-15; Harris and
1-18; Wolf et al 2010) Birnbaum 1989)
Increased (p<0.05)
percentage of dams with
whole litter loss at 5
mg/kg/day
(mouse, oral gavage GD
1-17; Wolf et al 2007)

- pup viability Reduced (p<0.05) Reduced (p< 0.05) Reduced number of live
percentage of live number of live pups/litter | fetus per litter at 6.3
pupsl/litter at birth at 0.6 | at birth at 1.1 mg/kg bw. | mg/kg bw/day (not
mg/kg statistical significant)

Reduced (p < 0.05) pup
Reduced (p < 0.001) pup| survival until PND 21 at | (mouse, oral gavage GD
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survival PND1-22) at 0.6
mg/kg

(mouse, oral gavage GD
1-17, Abbott et al., 2007

1.1 mg/kg bw.

(mouse, oral gavage GD
1-18; Wolf et al 2010)

6-15; Harris and
Birnbaum 1989)

- pup body Reduced (p<0.01) pup No effect on pup weight 8 Dose dependent decrease Pup body weight at birth
weight birth weights at 5 mg/kg | birth at any dose level in | (p<0.05) in fetal body and at 4 days after birth
bw and reduced pup either male or females. weight per litter starting | decreased (p<0.01) at 1
weights at 5 mg/kg/day | Reduced male pup weigh| from 1.12 mg/kg/day. mg/kg.
(p<0.01-0.001) on PND 1t on PND 7, 10 and 14
22 (p<0.001/0.01) at 2 (mouse, oral gavage GD | (rat, oral gavage, OECD
mg/kg. Female pup weigh 6-15; Harris and TG 422; Takahashi et al
(mouse, oral gavage GD | was reduced on PND 7, | Birnbaum 1989) 2014)
1-17; Wolf et al 2007) 10, 14 and 21 (p<0.001 —
0.05).
(mouse, oral gavage GD
1-18; Wolf et al 2010)
- eye opening Up to 3 days delay in eye| Approx. 2 days delay in
opening (p<0.05) from 5 | eye opening (p<0.01) at 2
mg/kg bw/day mg/kg bw.
(mouse, oral gavage GD | (mouse, oral gavage GD
1-17; Lau et al 2006) 1-18; Wolf et al 2010)
- mammary Delayed (p<0.001)
gland mammary gland
developmeh development at 5

mg/kg/day at PND 10 ang
PND 20

(mouse, oral gavage GD1
17; White et al 2007)

Exposure at 5 mg/kg at
late fetal (GD 15-17) and
early neonatal (exposure
via lactation starting PND
1) life resulted in early
and persistent mammary
gland effects (p<0.05)

(mouse, oral gavage;
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White et al., 2009)

Adverse effects on or via lactation

Reduced (p<0.001) weigh
of pups on PND 1-22
exposed in utero and
lactationally at 5
mg/kg/day.

Reduced (p<0.01-0.001)
weight of pups on PND 2-
22 exposed in utero and
lactationally at 3
mg/kg/day.

Delay in eye opening (p <
0.05) in pups exposed in
utero and lactationally at
mg/kg/day and 5
mg/kg/day.

(mouse, oral gavage GD
1-17; Wolf et al 2007)

—
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10.1 Acute toxicity

Hazard class not evaluated.

10.2 Skin corrosion/irritation

Hazard class not evaluated.

10.3 Serious eye damage/eye irritation

Hazard class not evaluated.

10.4 Respiratory sensitisation

Hazard class not evaluated.

10.5 Skin sensitisation

Hazard class not evaluated.

10.6 Germ cell mutagenicity

Hazard class not evaluated.

10.7 Carcinogenicity

There are only limited studies of carcinogenicifyRIFDA available. Therefore, read-across from
PFOA and its ammonium salt was performed for thepg@se of classification in the hazard class
carcinogenicity of PFDA and its ammonium and sodgatts.

Table 33a: Summary table of animal studies on cairtogenicity

Method, | Species, Test Dose Results Reference
guideline, | strain, substance, |levels
deviations | sey, reference |duration
if any no/group |[totable5 |of
exposure
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Read-across data: Adapted from BD CLH APFO, ECHAIZX) Table 13

Sprague-
Dawley rats
50/sex/grou

p

Groups of
15
additionally
rats/sex
were fed 0
or 300 ppm
and
evaluated
after 1 year

APFO

0,30o0r
300 ppm
APFO in
the diet
correspon
ding to
1.3 and
14.2
mg/kg/da
y in males
and 1.6
and 16.1
mg/kg/da
yin
females

2 years

A dose-related decrease in bw gain in males
(high dose -21% by week 6, over 10% throug]

N
66 weeks of the study, significant until week 98.

Low dose: 5% decrease in bw gain at week 6
little thereafter), and to a lesser extent in fegng
(slightly decreased, maximum 11%, at 92 wee

Sibinski,
1987;

I
ks)

was reported, and the decrease was considered

treatment related. There were no differences |
mortality between treated and untreated grouj
Significant decreases in red blood cell counts
hemoglobin concentrations and hematocrit
values were observed in the high dose male g
female rats. Clinical chemistry changes includ
slight (<2fold) but significant increases in ALT
AST and AP in both treated male groups from
18 months, but only in high dose males at 24
months. Slight (<10%) increases in abs/rel livg
and kidney weights were noted in high dose n|
and female rats at 1 year interim sacrifice and
terminal necropsy. Only the rel liver weights in
high dose males were significant (p<0.05).
Histologic evaluation showed lesions in the liv
testis and ovary.

Liver; At the 1-year sacrifice a diffuse
epatomegalocytosis (12/15) portal mononucle|
cell infiltration (13/15) and hepatocellular
necrosis (6/15) were reported

in the high-dosed males, whereas the incider
in the control group were 0/15, 7/15 and 0/15,
respectively. At 2-year sacrifice megalocytosis
was found at an incidence of 0%, 12% and 80
in the males, and at 0%, 2% and 16% in the
females, in the controls, low- and high dose
groups, respectively. Hepatic cystoid
degeneration was reported in 14% and 56% d
the low and high dose males, as compared to
in controls. The incidence of hyperplastic
nodules was slightly increased in the high dos
males, 6%, as compared to 0% in controls.
Testis At 1-year sacrifice, marked
aspermatogenesis was found in 2/15 in high
dosed males but not in the controls. At the 2-y
sacrifice, testicular masses were found in
6/50high dosed and 1/50low-dosed rats
compared to 0/50 in controls. Vascular
mineralization was reported in 18% of high
dosed males and 6% in low-dosed males,
however, not in control males. The testicular
effects reached statistically significance in the

DS.

nd
ed
3_
br

nale
at

ces

b

%

8%

ear

high-dose group. Furthermore, at 2-year sacrifice

a significant increase in the incidence of

testicular Leydig cell (LCT) adenomas in the
high-dosed group was reported [0/50 (0%), 2/
(4%) and 7/50 (14%)] in control, low- and high
dose group, respectively).

50
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The historical control incidence was 0.82% (fr
1 340 Sprague-Dawley rats used in 17
carcinogenicity studies (Chandra et al., 1992)
The spontaneous incidence of LCT in 2-year
Sprague-Dawley rats is reported to be
approximately 5% (Clegg et al., 1997).
Ovary; In females at 2-year sacrifice a dose-
related increase in the incidence of ovarian
tubular hyperplasia was reported, 0%, 14% a
32% in control, low-, and high dose groups,
respectively. However, recently the slides of t
ovaries were re-evaluated, and more recently
nomenclature was used (Mann and Fra2@©4).
The ovarian lesions were diagnosed and grad
as gonadal stromal hyperplasia and/or adeno
which corresponded to the diagnoses of tubul
hyperplasia or tubular adenoma by the origing
study pathologist. With this evaluation no
statistically significant increase in hyperplasia

16 and 15 in the control, 30 ppm and 300 ppm

group, respectively), adenomas (4, 0 and 2 in
control, 30 ppm and 300 ppm group, respecti
or hyperplasia/adenoma combined (12, 16 an
in the control, 30 ppm and 300 ppm groups,
respectively) were seen in treated groups
compared to controls. There was also a
significant increase (P<0.05) in thecidence of
mammary fibroadenomas [10/47 (21%), 19/47
(40%) and 21/49 (43%) in controls, 30 and 30
ppm groups, respectively]. The historical cont
incidence was 19% observed in 1329 Spragu
Dawley rats used in 17 carcinogenicity studies
(Chandra et al., 1992). However, the compare
other historical control data at 24% from a stu
of 181 female rats terminally sacrificed at 18
month (which was considered an inappropriat
historical reference), and the historical control
incidence of 37% in 947 female rats in the
Haskell laboratory (Sykes, 1987), the evidenc
mammary fibroadenomas were considered
equivocal.

pld

ne

ed
mnas,
ar

[

(

the
ely
d17

ol

U
]

b

dto
dy

e of

Sprague-
Dawley
male rats,
76 rats in
the
treatment
group and
80 rats in
the control

group

APFO

300 ppm
APFO

2 years

This study was performed to confirm the
induction of LCT, reported in the study by
Sibinski, 1987. A significant increase in the
incidence of LCT in treated rats (8/76, 11%)
compared to controls 0/80 (0%) was reported
The tumours may be a result of endocrine
changes, because a induced hepatic aromata
activity (P450-19A%, demonstrated in a 14 day
study, Liu et al, 1996) and a sustained increag
serum estradiol were reported. In addition, theq
treated group had a significant increase in the|
incidence of liver adenomas (2/80 and 10/76 i
the control and 300 ppm group, respectively)
pancreatic acinar cell tumours (PACT) (0/80 3
7176 in the control and 300 ppm group,
respectively). There was one pancreatic acing
cell carcinoma in the treated group and none
the control group. Biegel et al., 2001 also

Cook et al.,
1994;
Biegel et
al., 2001
Liu et al,

ke 1996

ein

and
nd

S5 =
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studied the temporal relationship between
relative liver weights, hepatjg-oxidation, and
hepatic cell proliferation and hepatic adenomas
following exposure for 1, 3, 6, 9, 12, 15, 18, 2
and 14 months. Relative liver weights and
hepaticp-oxidation were increased at all time-
points. The liver endpoints (weight, afd
oxidation (but not cell proliferation)) were
elevated well before the first occurrence of liver
adenomas, which occurred after 12 month of
treatment. No effect on peroxisonflabxidation
in Leydig cells was observed during the study
and at the end of study. There were no
biologically meaningful differences in serum
hormones (testosterone, FSH, prolactin, or LHl
concentrations) except for serum estradiol
concentrations in treated rats. Pancreatic cell
proliferation was significantly increased at 15,
18, and 21 months, but no increased proliferation
was observed at 9 or 12 months.

=

In the study by Sibinski, 1987, no increase in the
incidence of PACT was reported (0/33, 2/34 and
1/34 in the control, 30 and 300 ppm groups,
respectively). Therefore, the histological slides
from both studies were reviewed by an
independent pathologist. This review indicated
that PFOA produced increased incidences of
proliferative acinar cell lesions in the pancraas i
both studies at 300 ppm. The differences
reported were quantitative rather than qualitatjve;
more and larger focal proliferative acinar cell
lesions and greater tendency for progression pf
lesions to adenoma of the pancreas were repgrted
in the second study. It was concluded that the
difference between pancreatic acinar hyperplasia
(reported in Sibinski, 1987) and adenoma
(reported in Cook et al., 1994; Biegel et al.,
2001) in the rat was a reflection of arbitrary
diagnostic criteria and nomenclature by the
different pathologists.

Table 33b: Summary table of human data on carcinogecity

Type of
data/report

Test
substance,
reference to
table 5

Relevant information about Observations Reference
the study (as applicable)

Table 33c: Summary table of other studies relevarfor carcinogenicity

42




CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

Type of Test Relevant information about Observations Reference
study/data | substance, [the study (as applicable)
reference to
table 5
The study |[PFDA (from | Sprague-Dawley rats 5.0 mg/kg PFDA significantly increased| Borges T,
was 3M, Inc) (p<0.05) the relative liver weight (23%) |d®eterson
Female . .
conducted Purity: not . _ _ 9 months and increased (p<0.05) the |RE, Pitot
to stated Five groups with 26 animals| activity of the peroxisomal enzyme fatty| HC,
determine if each. The control group acyl CoA oxidase at both 9 (100% Robertson
PFDA, treated with phenobarbital |increase) and 18 months (53% increaseLW,
which is a had 10 animals. PFDA treatment did not increase the Glavert HP.
knowr_1 Monthly i.p. injections of 0.0} tumor incidence or the number of alterec]Eﬁect of
peroxisome 0.05, 0.50 or 5.0 mg/kg hepatic foci at 9 or 18 months, although the _
proliferator, PFDA in corn oil for 9 or 18 | the mean volume of foci was dose- peroxisome
has ) months. dependently increased (3-5 fold, p(o'o_d)rollferator
promoting at 9 months. perfluorode
activity in canoic acid
two-stage Rats were given an initiating An.increase (not stat. sign.) in the on the
hepatocarci dose of 10 mg/kg incidence of hepatocellular carcinoma | promotion
nogenesis. diethylnitrosamine by gavagewas observed at 5.0 mg/kg PFDA (2/12)of two-
twenty-four hours after at 9 months but not at 18 months. stage
partial hepatectomy. The results of this investigation indicate hepatoca_lrm
that PFDA is not a promoter of _nogene3|s
in rats.

Additional control groups
were placed on diets that
contained either 0.01%
ciprofibrate or 0.05%
phenobarbital.

hepatocarcinogenesis.

Cancer Lett
1993 Aug
16;72(1-
2):111-20.
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Mechanistic|
study in a
non-
mammalian
species

PFDA (from
Sigma
Aldrich)

Purity:
analytical
grade (not
stated)

Trout is an animal model the
represents human
insensitivity to peroxisome
proliferation. A two-stage
chemical carcinogenesis
model was used in trout to
evaluate PFAAs as complet
carcinogens or promoters of
aflatoxin B(1) (AFB(1))-
and/or N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG)-
induced liver cancer. DNA
microarray was used to asss
hepatic transcriptional
response to these dietary
treatments in comparison
with E2 and the classic
peroxisome proliferator,
clofibrate (CLOF).

Fish (250 fish/treatment)
were fed experimental diets
containing 5 ppm E2, 2000
ppm PFOA (approximately
50 mg/kg body weight/day),
2000 ppm 8:2 fluorotelomer
alcohol (FtOH) or 2000 ppm
CLOF ad libitum (2.8-5.6%
of body weight) 5 days per
week for 6 months. PFNA
and PFDA experimental die
were initially administered a
2000 ppm but due to an
unexpected number of
mortalities early in the study
diet concentrations were
reduced to 200 ppm PFDA
mg/kg/day) or 1000 ppm
PFNA (25 mg/kg/day) for the
remainder of the exposure
period.

\incidence of liver tumors significantly
increased (6.8-fold, p<0.0001),
multiplicity significantly increased
(p<0.001) and size of liver tumors
significantly increased (p<0.001) in trou
fed diets containing PFDA compared w
EAFB(1)-initiated animals fed control die

PFDA was the most potent promoting
agent tested in this study. 200 ppm PF[
increased liver tumor incidence to a
greater extent (26% higher) than did a ]
L%Id higher diet concentration of PFOA.

D

Pearson correlation analyses,
unsupervised hierarchical clustering, an
principal components analyses showed
that the hepatic gene expression profilg
for E2 and PFOA, PENA, PFDA, and
PFOS were overall highly similar, thoug
distinct patterns of gene expression we
evident for each treatment, particularly
PENA.

\174

Benninghof
f AD, Orner
GA,
Buchner
tCH,
tHendricks
JD, Duffy
AM,

)Williams
DE.

| @romotion
of
hepatocarci
nogenesis
y
erfluoroalk|
yl acids in
rgainbow
rérOUt'
fAroxicol Sci.
2012
Jan;125(1):
69-78

10.7.1 Short summary and overall relevance of the providednformation on carcinogenicity

No studies according to OECD test guidelines onctreinogenic properties of PFDA are available. Two
limited studies investigating the potential of PFDA& promote tumorigenesis have been included as

supporting data in the current dossier. Borged.g{2012) investigated the promoting activity dfF[PA in
two-stage hepatocarcinogenesis in rats after mpmiinl administration (0.05-5 mg/kg). The resulfstlas
investigation indicated that PFDA is not a promatinepatocarcinogenesis.
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In contrast, in a study in rainbow trout by Benmioff et al., (2012) PFDA was demonstrated to ach as
promoter of liver carcinogenesis. Rainbow trouaiis animal model that represents human insensitigity
peroxisome proliferation and was utilized to deteemwhether various perfluoroalkylated acids (PFAAsS
including PFDA, enhance hepatic tumorigenesis iwa@stage chemical carcinogenesis model. The esult
indicate that PFAAs can promote liver cancer intrafter daily dietary exposure and the authorgestgd
that the mechanism of promotion may be similahtd bf E2 based on gene-transcription profiling.

Read-across from the source chemical to fill datapg on carcinogenicity of PFDA and its ammonium
and sodium salts

To generate information on the carcinogenic pripertof PFDA for the purpose of harmonized
classification an analogue chemical grouping waidid-across from data of APFO/PFOA was used.

Justification

The carcinogenicity of PFDA and its ammonium andism salts is assumed to be predictable on thes basi
of structural similarities with PFOA and APFO. Bathbstances have a common functional group and only
the carbon chain length is differing. PFDA and PF@# relatively strong acids and are expected to
dissociate to their respective anionic forms atspdlpgical pH. Both acids (PFDA and PFOA) and tisaits

are expected to be available to cells in the fofrtheir corresponding carboxylate anion (PFD an®PF
respectively) and are therefore considered toxgiodlly equivalent. Moreover, PFDA and its saltslan
PFOA/APFO have similar predictable physicochemaradl toxicological properties. The existing data on
PFOA/APFO in the current analogue approach for etengrouping thus permit an assessment of the
carcinogenicity of PFDA and its salts.

Source chemical data

Below, the outcome of the RAC assessment has betrded from the Opinion Document for APFO (RAC
Opinion  proposing harmonised classification and elay at Community level of
Ammoniumpentadecafluorooctanoate (APFO), ECHA 2012)

“There are two carcinogenicity studies on APFO ipr&ue-Dawley rats that showed increased liver
adenomas, Leydig cell adenomas and pancreatictaeibrs in male rats. Increased rates of mammary
fiboroadenomas were seen in female rats. However tdukigh incidence in the control female group
evidence for carcinogenic potential of APFO in féarats is equivocal.

Table 13A:Summary on neoplastic and non-neoplastic lesiama tarcinogenicity studies in rats

Sprague-Dawley rats|  Sibinsky, 1987 Cook et al., 1994, Biegel| Historical
etal., 2001 control values for
S-D rats#
50 rats/sex/group 2 year 76 males at 300 ppm, 80

control males
15 rats/sex/group 1 year

Ppm 0 30 300 0 300

Mg/kg bw/d 13 142

Liver

2 year study

Liver cell adenomas 2.5% 13%
(2/80) (10776)

45



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

Hyperplastic nodules

0% / 0%

6% / 0%

Liver cell
megalocytosis

0% / 096

12% /2%

80% / 16%

Cystoid degeneration

8% / 0%

14% / 0%

56% / 0%

1 year

Liver cell
megalocytosis

0% / 0%*

80% / %

Portal mononuclear
cell

infiltration

47% / 0%

80% / 0%

Hepatocellular
necrosis

Hepatocellular

vacuolation

Testis

2-year

Testicular massés

0%/ -

2%/ -

12% / -

Leydig cell adenoma

D

0% /-

4% |/ -

14%

0%
(0/80)

11%*

5% (Clegg et al
1997)

0.82%

Chandra et al.,
1992

Leydig cell
hyperplasia

14%
(11/80)

4696
(35/76)

Vascular
mineralisation

0% / -

6% / -

18%# /-

1 year

Aspermatogenesis

0%/-

13% / -

Ovary

2-year

(Original) Tubular
hyperplasia

-1 0%

-114%

-132%

§Stromal hyperplasia

-/ 8%

-116%

-115%

§Stromal adenoma

-1 4%

-1 0%

-12%

§Combined stromal

hyperplasia and

-112%

-116%

-117%
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adenoma
Mamma
2-year
Fibroadenoma -121% - [ 409% -1 43% 18% or 37%
Sykes, 1987
(10/47) (29/47) (21/49)
19% Chandra et
al., 1992
Pancreas
Acinar cell adenoma| 0%/ - 6% 3% 0% 9%* 0.22%
(2134 (/34 (0/80) (7176) Chandra et al.,
1992
Males) males)
Acinar cell 0% 1%
carcinoma
(0/80) (1/76)
Acinar cell 18% 39%*
hyperplasia
(14/80) (30/76)

SPercentages in males/femaléblo data from laboratory control value&yvarian lesions rediagnosed in Mann and
Frame, 2004, * significantly different from pairefecontrol group, p<0.057 significantly different from ad-libitum
control group, p<0.05% There is an inconsistency in the OECD SIDS repith says that at the one year sacrifice,
testicular masses were found 6/50 high-dose an@ [by-dose rats, but not in any of the controls.nslow dose
animals were tested at the one year schedule,asssimed to be a mistake and the effect is relatéite 2-year data.
No lesions corresponding to the masses were reghamtgroups of the 1-year sacrifice.

Liver tumors

Liver tumors in rodents that are conclusively lidke peroxisome proliferation are proposed not &d§
relevance for humans (CLP guidance, 3.6.2.3.2 %) evidence on increased hepatic cell prolifenaticas
estimated at interim time points (1 month — 21 mgnduring the carcinogenicity study (Biegel ef 2001).
While in the original CLH dossier the dossier sutbeniconcluded that there is no (or not yet) evizkeon
PPARa-related clonal expansion of preneoplastia, facrecently published study was able to show that
administration of APFO to rats leads to hypertrophand hyperplasia (without any
microscopical/biochemical evidence of liver celtitity) as a result of early increases in cell pitation
(but no inhibition of apoptosis), which ultimatdBads to liver tumor formation (Elcombe et al., @p1
These data clearly demonstrate an early hepatdeellproliferative response to APFO treatment and
suggest that the hepatomegaly and tumors obserfted éhronic dietary exposure of S-D rats to APFO
likely are due to a proliferative response to coneli activation of PPAR and CAR/PXR. This mode of
action is unlikely to pose a human hepatocarcina@émmzard as demonstrated in studies utilizing mice
humanized with respect to the xenosensor nucleapters, the activation of the human PPARa, CAR, an
PXR does not appear to lead to cell proliferati@héung et al. 2004; Gonzalez and Shah 2008; Shah et
2007; Ross et al. 2010).

Supporting evidence:

In addition, there was increase in liver weightarffy due to liver cell hypertrophy), but no indi@n of
hepatic cell proliferation and PPARa-activity in Gmonth cynomolgus monkey study (Butenhoff et al.,
2002).
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Evidence from PPARa-receptor knockout mice to esmdiver weight gives some evidence on other modes
contributing to the liver tumors. This observatisrin line with findings on developmental toxiditgm the
study of Abbott et al. (2007), where testing indkaout mice did not abolish the increase in liveigint.

Elcombe et al., 2010 hypothesised that APFO in@gasitochondrial mass in rats and monkeys that imay
part account for liver weight increase. In monke&BFO administration resulted in a marked increase
mitochondrial succinate dehydrogenase (SDH) agtithiat was thought to explain the dose-relatedrlive
weight increases (Butenhoff et al., 2002). Howethés interpretation is subject to uncertainties c@n
increases in SDH activity did not show dose-depecyé this study. Nevertheless studies show tR&CA
interferes with mitochondrial activity. Livers froatlult male Sprague—Dawley rats that received anggkg
daily oral dose of APFO for 28 days showed incrdaBBAR coactivator-r (Pgc-lx) protein, a regulator
of mitochondrial biogenesis and transcription oteuhondrial genes, leading to a doubling of mtDNA
number. Further, transcription of genes encodednifd)NA was 3-4 times greater than that of nuclear
encoded genes, suggestive of a preferential inoluaif mtDNA transcription. Implication of the Pge-1
pathway is consistent with PPARansactivation by PFOA (Walters et al. 2009). remsed mtDNA copy
number were already observed 3 days after a siipgiejection of 100 mg/kg bw (Berthiaume and Wadlac
2002).

PPAR transactivation by APFO were also concluded froosedrelated increase in PPARNRNA in
PPARx-null mice, while only slightly in hPPARMice was observed (Nakagawa et al. 2011) In ceimhy
much of the response to APFO can be attributedRARa and induction of PPARa regulated genes. The
impact of activation of PPARegulated genes that are proposed to interferen wititochondrial DNA
transcription biogenesis and with lipid and glucosetabolism on tumor growth is not known to the
rapporteurs.

Beyond the question on whether biological respomekted to activation of PPARa are of relevance fo
humans, there is still some degree of uncertaiiigls the significance of other nuclear receptotiation
on tumor growth and RAC follows argumentation ef dossier submitter that other mode of actionsruan
fully be excluded.

Leydig cell tumors

RAC agreed with the conclusion of the dossier stibmihat there is insufficient evidence to linlesk
tumors to PPARa. Biegel et al. (2001) demonstréted APFO did not induce peroxisomes in Leydigscell
Another not yet identified mode of action than gesmme proliferation must be active. Increasesdrus
estradiol throughout the study (Biegel et al., 20@day indicate that hormonal mechanism might be
involved, while no effect on testosterone bios\gisheas been shown.

14 day gavage administration of APFO up to 40 mdpkdd to rats showed that increases in serum emtrad
concentration corresponded to increased hepatiaraiase activity (Liu et al., 1996). However, stedia
estrogens demonstrated proliferative effects amdors of the Leydig cell almost exclusively in theuge
rather than in the rat (Review in Cook et al, 1999)

Pancreatic acinar cell tumors

Increased tumor rates were observed in two caraéndgty studies. However, the original study ofilgki
reported no significant increase in tumors rathban higher incidences of acinar cell hyperplasi@ (n
details available), while the confirmatory mechdiciscarcinogenicity study of Biegel et al. revealed
significantly increased rates of acinar cell tumarsd of the correspondent hyperplasia.

Dossier submitter proposed that the induction afigrgaatic acinar cell tumors is probably related do
increase in serum level of the growth factor, CQKofecystokinin-33 [human], cholecystokinin [rat]).
Growth factor were also discussed by Biegel e{2001) as stimulative for pancreatic acinar cellgshout
giving any proof whether CCK has been changed égttnent. No evidence is given by any of the repeate
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dose studies to support hypothesis that APFO emsacdieolesterol/triglyceride excretion, thereby sases
fat content in the gut and causes tumor growthaingoeatic acinar cells.

It is not clear to which effect pancreatic acinaells are linked in the liver. Biegel et al. mengadn
cholestasis related increases in CCK plasma comatohs for other peroxisome proliferators, but siach
effect was reported for APFO. For APFO it can bendaded that at present the mode of action of
pancreatic cell adenomas is unknown.

Reference is also given to the EPA Guidance documenPPAR"-Mediated Hepatocarcinogenesis in
Rodents and Relevance to Human Health Risk Asseiss(B®A, 2003) that stated “In addition to indugin
hepatocarcinogenesis in rodents, PPAR" agonist® ladso been observed to induce pancreatic acinbr ce
and Leydig cell tumors in rats. Of 15 PPAR" aganitsted to date, nine have been shown to induce al
three tumors in non-F344 rat strains but not in enién the case of Leydig cell tumor formation, two
potential MOAs based on activation of PPAR" havenbproposed. One MOA invokes the induction of
hepatic aromatase activity leading to an increasesérum estradiol level. The second MOA purporés th
PPAR" agonists inhibit testosterone biosynthesithoigh agonism of PPAR" may lead to the inductbn
aromatase or inhibition of testosterone biosynthiethe data available to date are insufficient tgsort
which, if either, of these two proposed MOASs israfpe. For pancreatic acinar cell tumor (PACT)
formation, a MOA has been proposed in which PPAR)bnists cause a decrease in bile acid synthesis
and/or change the composition of the bile acid it@sy in cholestasis. These steps increase thd tevhe
growth factor cholecystokinin (CCK) which then lEntb its receptor, CCKA, leading to acinar cell
proliferation. Some evidence exists to support pnigposed MOA and there does not appear to be re@e
of any other MOA operating in the formation of PAGifter exposure to PPAR" agonists. However, tiie da
are not considered sufficient to establish a MOfwbnfidence, because it has only been descritetvb
chemicals, PFOA and WY14643, in one laboratoryaAesult, the evidence is considered insufficient t
infer that this MOA may be generalized to all PA@ducing PPAR" agonists.”

In conclusion, RAC followed the proposal by thestgrssubmitter, namely that APFO should be claasdifi
according to the Directive 67/548/EEC criteria aar€. Cat. 3; R40, and according to the CLP criteaa
Carc. 2 (H351).”

10.7.2 Comparison with the CLP criteria

Based on read-across from the source chemical AFFRQA the information is sufficient to fulfil theitaria

for carcinogenicity. Very limited data on PFDA aitelammonium or sodium salts is available to supfior
addition to) the read-across from APFO/PFOA. Theresfthe reasoning for classification of PFDA atsd i
ammonium and sodium salts will be based on thelasion for APFO/PFOA (RAC Opinion 2011). As the
information available on APFO/PFOA from animal sasdare considered to be some evidence, and ibtann
be concluded that the mode of action for tumor d@ghow of no relevance for humans, classificatioBDA
and its ammonium and sodium salts as Carc. 2 (stepef causing cancer) is warranted.

10.7.3 Conclusion on classification and labelling for canmogenicity

Based on read-across from the source chemicals AHFKDA, PFDA and its ammonium and sodium salts
should be classified according to the CLP critésiaheir potential to cause cancer as Carc. 2;1H35
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10.8 Reproductive toxicity

10.8.1 Adverse effects on sexual function and fertility

There is very limited data on adverse effects owaefunction and fertility of PFDA and its ammomiwand
sodium salts. In this dossier read-across fromsthectural analogue PFOA/APFO has been utilizedrevhe
there are no data specifically on PFDA and its amom and sodium salts to support harmonised
classification. In the adopted RAC opinions for PFand APFO it was concluded not to classify PFOA or
APFO as having adverse effects on sexual functmhfartility. However, the endpoint was determirted
be reconsidered by RAC when more data were avail®#NA, the C9 analogue of PFOA and PFDA was
recently discussed by the RAC and a RAC opiniorclemling on the harmonised classification of PFNA an
its ammonium and sodium salts as Repr. 2 (H36149 agreed based on read-across from PFOA/APFO in
combination with additional data for PFNA itselhdrefore, for the purpose of harmonised classifinabf
PFDA and its ammonium and sodium salts read-adross PFOA/APFO in combination with supporting
data on PFNA has been used in this proposal. Ondgtrim mechanistic study on the androgenic and
estrogenic effects of PFCAs including PFOA, PFNAI &FDA has been included to further support the
classification. In addition, one toxicity study tvisingle i.p. administration of PFDA investigatitige
androgenic status of rats after PFDA exposure, ol additional acute toxicity studies with i.p
administration of PFDA in rats have been included@pporting mechanistic studies.
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Table 34a: Summary table of animal studies on advge effects on sexual function and fertility
Method Deviation(s) from | Species Test Dose levels Results Reference
Guideline |the guideline (if | Strain substance, |duration of
any) Sex reference to | exposure
no/group |table 5
Read-across data: Adapted from BD CLH APFO, ECHAIZR) Table 14
2 Sprague- | APFO Oral by gavage 0, | FO males In the highest dose group one male was| York, 2002;
generation$ Dawley rats 1, 3,10 and 30 sacrificed on study day 45 due to adverse clinical | Butenhoff et
(30 mg/kg/Day signs. No treatment-related effects were reported aal., 2004
rats/group) any dose level for any of the mating and fertility
parameters assessed. At necropsy a statistically
significant reduction in terminal body weight was
reported from 3 mg/kg/day (6%, 11%, and 25%
decrease from controls in the 3, 10 and 30 mg/kg/da
respectively. Absolute weights of the left and tigh
epididymis, left cauda epididymis, seminal vesicles
prostate, pituitary, left and right adrenals anghibs
were statistically significantly reduced at 30 ngg/k
/day, however, the organ-to- body weight ratiosener
either normal or increased. The absolute weigltef
liver was significantly increased in all dose greup
and the absolute weights of the kidneys were
significantly increased at 1, 3 and 10 mg/kg/dang a
significantly deceased at 30 mg/kg/day. Organ weigh

to-body weight ratios for the liver and kidneys wer
significantly increased in all treated groups. No
histopathology was performed on the liver and kydr

Dose-related histopathologic changes were repamted

the adrenals.

e
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No treatment-related effects were reportateatopsy|
on the reproductive organs, with the exception of
increased thickness and prominence of the zona
glomerulosa and vacuolisation of the cells of the
adrenal cortex in 2/10 males and 7/10 males iriéhe
and 30 mg/kg/day dose group. The LOAEL was 1
mg/kg/day based on increased absolute and relatiye
liver weight.

FO females:No treatment-related effects were
reported on oestrus cyclisity, mating or fertility
parameters. No treatment-related effects on body
weights or organ weights. The NOAEL was 30
mg/kg/day.

F1 generation: At 30 mg/kg/day one pup died on
Lactation Day (LD) 1. Additionally, on LD 6 and 8 4
significant increase in the numbers of pups fouaald
were reported at 3 and 30 mg/kg/day. Pup body
weight on a per litter basis was significantly reeld
up to lactation day 15 in the high dose group (4D 1
5.5vs 6.3 in controls, LD 8; 11.9 vs. 13.3 in colY,
and LD 15; 22.9 vs. 25.0 in controls). Of the pups
necropsied at weaning no absolute or relative orggn
weight changes were reported.

F1 males:A significant increase in treatment-relatefd
deaths (5/60 rats) was reported in the high dosepgt
between day 2-4 post-weaning. Significant increasges
in clinical signs of toxicity were also reportedrithg
most of the post-weaning period at all dose lev&ls.
significant dose-related reduction in mean body
weight gain for the entire dosing period (days B)11
Absolute food consumption was significantly reduced
from 10 mg/kg/day during the entire pre-cohabitatip
period (days 1-70 postweanling), while relativedoo
consumption values were significantly increased.
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Significant delays in sexual maturation (therage of]
preputial separation) were reported at 30 mg/kg/dgy
(52.2 days of age vs. 48.5 days of age in controls)
When the body weight was co-varied with the time|to
sexual maturation, the time to sexual maturation
showed a dose-related delay that was statistically
significant at g0.05. No treatment-related effects
were reported at any dose level for any of the mgati
and fertility parameters assessed. Necroscopic
examination revealed significant effects on therdiv
and kidney from 3 mg/kg/day. Terminal body weigt
was significantly dose-related decreased from 1
mg/kg/day (6%, 6%, 11%, and 22% decreased from
controls at 1, 3, 10 and 30 mg/kg/day,
respectively.The absolute and relative liver wesght
were significantly increased in all treated groapd
were accompanied by histopathological changes. All
other organ weight changes reported (thymus, splgen
left adrenal, brain, prostate, seminal vesiclestete
and epididymis) were probably due to body weight
reductions, since the relative weights of theseaiosg
were either normal or increased. However, the
biological significance of the weight changes ohed
in the adrenal is unclear since histopathological
changes were also reported. The NOAEL
developmental effects were 3 mg/kg/day and the
LOAEL for F1 adult effects was 1 mg/kg/day.

F1 females A significant increase in treatmentrelated
deaths (6/60 rats) was reported in the high dosepgr
between day 2-8 post-weaning. Significantly dea@eps
in body weights were reported in the high dose grg
during post-weaning, precohabitation, gestation an
lactation Body weight gain was significantly reddce
during day 1-15 posweanling. Decreased absolute
food consumption was reported during days 1-
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22 post-weaning, precohabitation, gestatiah an
lactation in the highest dose group. Relative food
consumption values were comparable across all
treated groups. Significant delays in sexual méitmg
(the average of vaginal patency) were reportedat
mg/kg/day (36.6 days of age vs. 34.9 days of age |
controls). When the body weight was co varied wit
the time to sexual maturation, the time to sexual
maturation showed a dose-related delay that was
statistically significant at€0.05. No treatment-relate
effects were reported at any dose level for anhef
mating and fertility parameters assessed. All @étur
delivery observations were unaffected by treatna¢n
any dose level. No effect on terminal body weights
was reported. The absolute weight of the pituitérg,
pituitary weight-to-terminal body weight ratio atite
pituitary weight-to-brain ration was significantly
decreased from 3 mg/kg/day. No histopathologic
changes were reported in the pituitary. The NOAE
developmental effects were 10 mg/kg/day and the
NOAEL for F1 adult effects was 10 mg/kg/day.

F2 generation:No treatment related adverse clinicg
signs were reported. Dead or stillborn pups weted
in both the control and treated groups. The deaths
occurred on lactation day 1-8 with the majority
occurring on days 1-6, however, there was no dos
relationship. No effect on body weights or organ
weights, as well as AGD was reported. The NOAE
was set at 30 mg/kg/day.
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Table 34b: Summary table of human data on adversefects on sexual function and fertility

Type of Test Relevant information about the study Observations Reference
data/report | substance, [(as applicable)

reference to

table 5
Table 34c: Summary table of other studies relevarfor toxicity on sexual function and fertility
Type of Test Relevant information about the study Observations Reference
study/data |substance, [(as applicable)

reference to

table 5
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No
guideline

Unknown
GLP-status

‘Effects of
PFDA
treatment
on the
androgenic
status of
rats’

Acute
effects on
androgen
status of
male rats in
intact rats
or in rats
castrated
and
implanted
with
testosterons
capsules.

Ex vivo
studies of
effects of
PFDA on
decapsulate
d testes.

PFDA
(Aldrich
Chemical
Co.)

Purity: 96%
(by titration
with sodium
hydroxide)

87.4%
PFDA as
analysed by
gas
chromatogral
phy/mass
spectroscopy
by the
authors.

Rat (Sprague-Dawley)
Sexually mature males

10 animals per dosing group of intact
animals.

3 or 6 rats per dosing group of castrate
animals.

0, 20, 40, 80 mg/kg in propylene
glycol/water

Single dose, i.p.
All rats were killed 7 days after treatme

Pair-fed controls (PFC) rats were weigh
matched to PFDA-treated rats and
provided daily the same amount feed tH
their partner consumed.

Ad libitum-fed control rats (ALC) were
also included in the study.

3 or 6 rats from each treatment group
were castrated two hours after dosing g
testosterone-containing capsule was
inserted subcutaneously.

For ex vivo tests testes were removed
from rats in each treatment group 7 day
after dosing and decapsulated.

No information on how many animals ir
each treatment-group.

The cumulative feed consumption was decrease
(p<0.05) to 44% of that of ad libitum-fed contrats
at 80 mg/kg.

Body weight was also decreased (p<0.05) to 729
that of ad libitum-fed control rats at 80 mg/kgt A
40 mg/kg PFDA body weight was lower (p<0.05)
than both the pair-feed control (7% lower) and ad
libitum-fed control rats (16% lower).

Testis weight(no information whether the weight
absolute or relative) slightly (approx. 8% as
estimated from the graphical presentation) but
N&tatistically significant decreased (p<0.05) at 80

tma/kg compared to ad libitum-fed control rats. N

histological changes in testes were reported at al
&ose level.

Dose-related decreases in the weights (no
information whether the weight is absolute or
relative) ofseminal vesicles and ventral
prostrates. At 80 mg/kg weights were reduced
(p<0.05) to 42% and 49%, respectively, of those
i} libitum-fed control rats.

Marked atrophy of the epithelium of seminal
vesiclesat 80 mg/kg. Epithelial height in these
PFDA-treated rats was approx. 50% less (p<0.05
%han control animals (both ad libitum-fed and pair
fed control animals) at 80 mg/kg.

Marked atrophy of the epithelium of glandular
acini of the ventral prostrate at 40 and 80 mg/kg.
In rats treated with 40 or 80 mg/kg PFDA about
60% of the prostatic acini were lined by low
cuboidal epithelium compared to only about 20%
the acini in ad libitum-fed and pair-fed control
animals).

iBookstaff RC, Moore RW,
Ingall GB, Peterson RE.

Androgenic deficiency in
prodle rats treated with
perfluorodecanoic acid.

Toxicol Appl Pharmacol.

7]

1y

~

of

1990 Jun 15;104(2):322-3B.
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Decreased (p<0.05) plasma testosterone
concentrationsat 40 and 80 mg/kg compared to
both to ALC (25% and 12% of control levels,
respectively) and PFC. Decreased (p<0.05) 5
dihydrotestosterone concentrations at 40 and 80
mg/kg compared to both to ALC (32% and 18% ¢
control levels, respectively) and PFC, measured
day 7 after treatment (N=10)

ED50 for decreased plasma androgen concentra
was 30 mg/kg.

PFDA treatment had no significant effect on plas
testosterone concentrations in castrated rats with
implants of testosterone-containing capsules. Bo
weights were similar also to intact rats. No
difference in ventral prostate weight between
castrated and implanted rats and ad libitum fed o
pair-fed controls. At 20 and 40 mg/kg PFDA but 1
at 80 mg/kg PFDA the weights of seminal vesicle

ot
S

were decreased (p<0.05) by approx. 30% compared

to pair-fed control rats.

Decapsulated testis from PFDA treated rats at 8(
mg/kg stimulated with human chorionic
gonadotropin showed decreased levels of secret
testosterone to 27% of control. The effect was
significant already at 40 mg/kg but no effect was
observed in testes from rats treated with 20 mg/K|
PFDA.

1%
o
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No
guideline

Unknown
GLP-status

Acute
effects of
PFDA on
tissue fatty
acids in
male rats

PFDA

(supplier not
specified)
Purity: not
specified

Rat

Fischer rats

Adult males

LD50 determination:

12 doses in the range 40 mg/kg — 500
mg/kg (exact doses administered not
stated) i.p. in propylene glycol-water

Single dose

10 animals per group

Study of fatty acid composition :

50 mg/kg ip in propylene glycol-water
Single dose

4 animals in each group

Pair-fed controls (PFC) rats were weigh
matched to PFDA-treated rats and
provided daily the same amount feed tH
their partner consumed.

Ad libitum-fed control rats (ALC)
injected with vehicle were also included
in the study.

Rats were killed 2, 4, 8 and 16 days aft
injection.

LD50 determination:

The LD50 at 30 days was 41 mg/kg, delayed
lethality with deaths in second and third weekraft
dosing.

The LD50 at 14 days was 64 mg/kg, delayed
lethality with deaths in second and third weekraft
dosing.

Study of fatty acid composition :

Decreased food intake started at day 1 and wase
to zero from day 7 to 14 after 50 mg/kg PFDA.

Mean body weights decreased from 207 to 109 d.

day 6 the decrease in body weight was >20%. TH

pair-fed controls decreased in body weight from 2

to 131 g.

At day 8 after i.p. administration of 50 mg/kg PFC
mean organ weights of testefl.7 g versus 2.8 g i
tcontrol and 2.2 g in PFC), adrenals and heart we
significantly lower than both vehicle control and
PBFC (p<0.05)

Mean liver weight was significantly lower than
vehicle control (7.6 versus 9.9, p<0.05) but nanth
PFC (3.0 g).

1%
—

Olson CT, Andersen ME.

The acute toxicity of
pperfluorooctanoic and
perfluorodecanoic acids in
male rats and effects on

| tissue fatty acids.

Toxicol Appl Pharmacol.
1983 Sep 30;70(3):362-72,
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No
guideline

Unknown
GLP-status

Toxic
effects of
PFDA in
male rats
after single
administrati
on

PFDA
(Aldrich
Chemical
Co.)

96% straight
chain

LD50 determination 30 days after i.p.
injection:

Fischer-344 rats, males and females;
Sprague-Dawley rats, males.

Number of groups and number of anim
per group not stated.

Doses tested not stated.

LD50 determination 30 days after oral
administration:

Fischer-344 rats, males

Number of groups and number of anim
per group not stated.

Doses tested not stated.

Time course toxicity experiments
Fischer-344 rats, males.
Five groups and at least six rats per grg
50 mg/kg single dose i.p.
Pair fed controls

Rats killed at 4, 8, 12, 16 or 30 days aft
injection.

LD50 determination 30 days after i.p. injection:

LD50 at 30 days after i.p. administration in Figehg
344 rats was 41mg/kg for males and 43 mg/kg fo
females.

1lsD50 at 30 days after i.p. administration in in ma
Sprague-Dawley rats was 75 mg/kg.

A dose of 50 mg/kg i.p. was selected for the time
course toxicity study since no mortality was

observed within the first 14 days. However, 8 of 2
rats died after 16 or 30 days. Data from animals
dying after 14 days were not included in the resu

1ISD50 determination 30 days after oral
administration:

The 30 day oral LD50 in male Fischer-344 rats w
57 mg/kg.

Time course toxicity study

DA administration caused decreased food int3
within the first days and it was close to zero dayp
12. Both control and PFDA-treated rats lost weig
until day 13, thereafter the weights remained abo
the same until day 18-20. 18-20 days after dosin

rats had greater weight loss compared their pdir-
controls (100 g versus 70 g weight loss at day 16
p<0.01).

Bhe rats started to gain weight slowly. PFDA-treate

pToxic effects of
rnonadecafluoro-n-decanoi
acid in rats.

Toxicol Appl Pharmacol.
1986 Sep 15;85(2):169-80

4

e

George ME, Andersen ME,
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Liver weights and liver to body weights ratios we
significantly higher than controls. At 30 days the
liver to body weight ratio was almost 50% greate
(p<0.01) than pair-fed control rats.

Histopathological examination revealattophy

and degeneration of the seminiferous tubules in
testeswhich was first seen at day 16 and persiste
up to day 30 post-administrati¢authors report tha
findings were significant but no quantification is
available).

Inflammation, hyperkeratosis, edema and some
ulceration of the stomach was also reported. Thy
atrophy was seen in treated rats 8 days after
exposure and thymic tissue was not found in the
majority of treated rats at 12, 16 and 30 days. A
uniform and persistent cellular swelling at all ¢isn
in the liver was observed. Inflammatory cell
infiltration and some signs of necrosis were n@&e(
day 8.

o
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In vitro
mechanistic
study aimed
at
investigatin
g
interference
with steroid
hormone
receptor
functions

PFDA

(ABCR,
Germany)

Purity: 98%

(PFHxS,
PFOS,
PFOA,
PFUNA,
PFDoA, or
Mix were
also tested)

ER transactivation assay

Stably transfected MVLN cell line
derived from the human breast

adenocarcinoma MCF-7 cell line carryin %

an estrogen response element-luciferag
reporter vector. The transcriptional
activity was measured in response to

PFAAs with or without co-treatment of 25

pM E2. Tested concentrations of PFAA
were in the range of 1x£0- 1x10* M.

AR transactivation assay:

Chinese hamster ovary cell line CHO—Kld

transiently co-transfected with an
MMTV-LUC reporter vector and an AR
expression plasmid pSVARO. The
transcriptional activity was measured in
response to PFAAs with or without co-
treatment of 25 pM DHT. Tested
concentrations of PFAAs were in the
range of 1x10 — 1x10* M.

Aromatase activity:

Human choriocarcinoma JEG-3 cell ling
Aromatization in response to PFAAS w4
measured by radioactivity derived from
the precursoflp-3H]androst-4-ene-3,17
dione. Tested concentrations of PFAAs
were in the range of 1xf0- 1x10* M.

Assays were carried out at test
concentrations not being cytotoxic.

ER transactivation assay:
No estrogenic or ER antagonistic effect of PFDA

Weak estrogenic effects of PFHxS, PFOS and
FOA.

e
AR transactivation assay:
kNone of the tested PFAAs acted as agonists.

Upon co-treatment with 25 pM DHT, five of seven
PFAAs (PFOS, PFHxS, PFOA, PENA, and PFDA
elicited significant (p<0.05) concentration-

transactivity. (Cytotoxicity was noted atx10* M
for PFDA). IC50=6x16 M

Aromatase activity:

PFDA weakly decreased the aromatase activity

at 1x10° M (cannot be ruled out that the effects is
due to beginning cytotoxicity of PFDA, noted at
>1x10* M for PFDA). No effect of the other testeg
WEFAAS.

Kjeldsen LS, Bonefeld-
Jargensen EC.

Perfluorinated compounds|
affect the function of sex
hormone receptors.

Environ Sci Pollut Res Int.
2013 Nov;20(11):8031-44,

)

ependent antagonistic effects on DHT-induced AR

(down to 85% compared to solvent control, p=0.002)
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10.8.2 Short summary and overall relevance of the provide information on adverse effects
on sexual function and fertility

No study on adverse effects on fertility and sexuaiction of PFDA is available. Indications of anti
androgenic effects of PFDA were reported in Bodkshal., 1990. Single doses of PFDA (0, 20, 4@0r
mg/kg) were administered to rats by i.p. injectéomd the animals were killed 7 days after treatmefiiects
of PFDA treatment on the androgenic status of wadse studied. The cumulative feed consumption was
decreased to 44% and body weight to 72% of thatldibitum-fed control rats at 80 mg/kg. Body weigh
termination of study tended (less than 10% as estichfrom graphical presentation) to be lower afA@
80 mg/kg PFDA compared to the pair-feed control.nvwtalities before termination of study were repdr
Plasma testosterone and-&ihydrotestosterone concentrations were decregse@i05) to 12 and 18% of
control levels (ad libitum fed rats), respectivaty80 mg/kg PFDA. Dose-related decreases in thghtsf
seminal vesicles (42%) and ventral prostrates (48% ¥ observed at 80 mg/kg. Testis weight was #jigh
(approx. 3% as estimated from graphical presemabtiat statistically significant (p<0.05) decreased0
mg/kg. No histological changes in testes were teploat any dose level. Marked atrophy of the epithe
of seminal vesicles and the epithelial height wasua half to that of control animals at 80 mg/kgarked
atrophy of the epithelium of glandular acini of trentral prostrate were seen at 40 and 80 mg/kg.

When rats were castrated and implanted with testarsé-containing capsules the effect of PFDA onybod
weight in castrated and implanted rats was sinbdahat of intact rats. PFDA-treated (all dose-gr)uand
control (ad libitum feeded) rats had similar plagestosterone concentrations and ventral prostaights,
indicating that these effects are secondary tonmasndrogen concentrations and that PFDA does not
increase the clearance of plasma testosterone matens. The weights of seminal vesicles were
statistically significant from the pair fed conscat 20 mg/kg and 40 mg/kg PFDA, but not at 80 g/k
Furthermore, luteinizing hormone (LH) concentrasiomere not significantly altered by PFDA treatment,
however, it should be noted that the levels of ntHcontrol ad libitum fed rats were close to theitliof
detection and any changes may therefore be diffiocutletect. Anex vivostudy with decapsulated testes
from PFDA-treated rats demonstrated decreasedstesboe secretion after stimulation with the LH
analogue human chorionic gonadotropin at 100 mlU/ftle authors therefore suggested that PFDA
decreases testicular responsiveness to LH stirulati

George and Andersen (1986) reported that a sirgladministration of 50 mg/kg PFDA in male ratased
atrophy and degeneration of the seminiferous tbuleestes that was first seen at day 16 andspedsup
to day 30 post-administration.

In anin vitro mechanistic study in stably transfected cell li(ld¥LN or CHO-K1) aimed at investigating
interference of PFAAs with steroid hormone receplianctions PFDA was reported to significantly
antagonize the AR activity in a concentration dejegh manner (similar to PFNA, PFOA, PFOS) with an
IC50 calculated to be 6xf0M (IC50 for PFOA and PFNA were 1.1xI4 and 5.2x16M, respectively)
(Kjeldsen et al.,, 2013). In addition, PFDA weaklgcteased the aromatase activity at a high test
concentration (1x1® M) but a potential interference of the resultsdyyotoxicity could not be excluded
according to the authors of the paper.

In summary, there is not sufficient information BRDA on its own or on its ammonium or sodium skdts
classification for adverse effects on sexual fuorctind fertility.
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Read-across from the source chemical to fill datapg on adverse effects on sexual function and feyti
of PFDA and its ammonium and sodium salts

To generate information on the potential reprodectioxicity of PFDA for the purpose of harmonized
classification an analogue chemical grouping apgroaas utilized. For APFO/PFOA there are some
uncertainties with regards to the conclusion oneesly effects on fertility and sexual function ie tRAC
opinion (inserted below) mostly based on negatiwidexnce from the two-generation reproductive tdyici
study (York, 2002; Butenhoff et al., 2004) and epd dose toxicity study and therefore no classifin

was considered warranted. However, the hazard elassrecommended by the RAC-rapporteur to be
reconsidered due to evidence on sperm abnormaditidseduced testosterone levels (Li et al., 2CRENA

and its ammonium and sodium salts was recenthudgad by the RAC and a RAC opinion concluding on
the harmonised classification of PFNA and its amimn@nand sodium salts as Repr. 2 H361f was agreed
based read-across from data on PFOA/APFO in coribmaith data on the substance itself. Read-across
from data on APFO/PFOA in combination with suppagtdata on PFNA have therefore been used for the
purpose of hazard assessment and classificatioAF&fA and its ammonium and sodium salts in this
proposal.

Justification

The adverse effects on sexual function and fertilitPFDA and its ammonium and sodium salts wittono
very little data is assumed to be predictable @nlihsis of structural similarities with PFOA and AR
Both substances have a common functional groupoafydthe carbon chain length is differing. PFDA and
PFOA are relatively strong acids and are expectedli$sociate to their respective anionic forms at
physiological pH. Both acids (PFDA and PFOA) andirtisalts are expected to be available to celkhén
form of their corresponding carboxylate anion (P& PFO, respectively) and are therefore considered
toxicologically equivalent. Moreover, PFDA and isalts and PFOA/APFO have similar predictable
physicochemical and toxicological properties. Thkésting data on PFOA/APFO in the current analogue
approach for chemical grouping thus permit an @ssest of the adverse effects on sexual function and
fertility of PFDA and its salts.

Source chemical data

The outcome of the RAC assessment has been inclindedthe Opinion Document for APFO (RAC
Opinion  proposing harmonised classification and elay at Community level of
Ammoniumpentadecafluorooctanoate (APFO), ECHA 2@h&e 53):

“Based on the previously available data RAC foundanclusive that no proposal to classify for fieti
effects was proposed by the dossier submitter. ofihe effects in the 2-generation study were inoedas
absolute weights of epididymis and seminal vesitlasprobably is linked to body weight loss. Nievant
effects in male and female animals were reportedhfthe repeated dose toxicity studies and the B-yea
carcinogenicity study in rats. The latter study ealed treatment-related testes tumours, which vmerte
related to fertility effects. An additional studg testosterone levels and male reproductive ordéates of
APFO were published after submission of the CLHsi@dosIn male mice, oral APFO-treatment (0, 1 and 5
mg/kg bw/day) for 6 weeks of both wt, null- or horeed PPAR mice showed a statistically significant
increase (p<0.05) in sperm morphology abnormalitesboth concentrations, an increased incidence of
abnormal seminiferous tubules and a statisticallyniicant reduction (p<0.05) in plasma testostezon
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concentration in the wt mice (at 5 mg/kg bw/dayj #me hPPAR mice at both concentrations, but none of
these effects were observed in the null-mice. titiad, a statistically significant reduction (p<@b) of the
reproductive organ (epididymis and seminal vesiclgrostate gland) weight of the wt PPARnice treated
with the highest concentration was seen (Li et2011). The authors reported inconsistencies of RRA
expressed in interstitial Leydig cells or semindfias tubule cells of testis in m PPARiice, but not in testis
of hPPAR-mice (Cheung et al., 2004). The RAC discusseddtestudy published in 2011 (Li et al., 2011)
indicating a potential of adverse effect on theamalce reproductive system.

RAC concluded that evidence on impaired fertilityotigh sperm abnormalities and reduced testosterone
levels are not (yet) sufficient to overwrite thgaieve evidence from the 2- generation study ampeatd
dose toxicity. Reconsideration of the endpoinesmmended.”

Supporting data - PFNA

The assessment of adverse effects on sexual fanatid fertility of PFNA have been included from the
RAC opinion concluding on the harmonised clasdiiicaand labelling at Community level of PFNA amsl i
ammonium and sodium salts, ECHA 2014 (pages 10-15):

"In the RAC opinions adopted on 2 December 201thenclassification of APFO and PFOA, which were
used as reference substances in a read-across agipfor PNFA, PFN-S and PFN-A, no classification fo

fertility was considered warranted, mostly basednegative evidence from the 2-generation studyk(Yor

2002; Butenhoff et al., 2004). No relevant effanotanale and female animals were reported from the
repeated dose toxicity studies and the 2-year oaggnicity study in rats. The latter study revealed
treatment related testis tumours, which were niatteel to fertility effects.

The RAC discussed in 2011 the then recently paistudy by Li et al. (2011), indicating a poteht&
adverse effect on the male mice reproductive sysRRC concluded that evidence on impaired fertility
through sperm abnormalities and reduced testostertmvels were not (yet) sufficient to override the
negative evidence from the 2-generation and repleddse toxicity studies. However, reconsideratibthe
endpoint was recommended.

In this RAC opinion, the results of the Li et &011) study are reconsidered followed by a reviéw study
of Feng et al. (2009), in which rats were exposgddvage to PFNA.

In the Li et al. (2011) study, aimed at elucidatitiec mechanism and impact of PRABNn lowering
testosterone levels, APFO at doses of 0, 1 or Xkgid)/was orally given daily to mice with different
genotypes: 129/sv wild-type (MPRARPparm-null and PPAR-humanized (hPPAR for 6 weeks. Both
low- and high-dose APFO exposure significantly i@l plasma testosterone concentrations in mRPAR
and hPPAR, mice respectively. These decreases, accordittgetauthors, may, in part, be associated with
decreased expression of mitochondrial cytochrom&0Ride-chain cleavage enzyme, steroidogenic acute
regulatory protein or peripheral benzodiazepineaptor as well as microsomal cytochrome P450 inwblve
in the steroidogenesis.

Oral APFO-treatment (0, 1 and 5 mg/kg bw/day) ofAR:, Ppar-null and hPPARmice for 6 weeks did
not affect the epididymal sperm count in any exgpggeup of mice.

However, APFO treatment at both doses induced tisstally significant increase in sperm morphology
abnormalities in mPPAR mice (1.4- and 1.5 fold in comparison with freguerof sperm morphology
abnormalities in respective control mice (ca. 7%§an hPPAR mice (1.3- and 2.6 fold in comparison with
frequency of sperm morphology abnormalities in eespe control mice (ca. 7%). The types of
abnormalities observed were not described.

The APFO dose of 5 mg/kg appeared to increaseéancies of abnormal seminiferous tubules with vasuole
or lack of germ cells in mPPARand hPPAR mice. Necrotic cells were also observed in theetesf
mPPAR: mice after 5 mg/kg APFO exposure. However, no ooisvieffects of APFO treatment were
morphologically observed in the testes of Rpaull mice.
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Using real-time quantitative polymerase chain réatt the mRNA levels for several genes associaitd w
testicular cholesterol synthesis, transport anddst®rone biosynthesis were examined.

Cholesterol biosynthesis: In Leydig cells of thetds, the 3-hydroxy-3-methylglutaryl coenzyme A @M
CoA) synthase and HMG-CoA reductase, involved asyrithesis of testicular cholesterol, which is an
essential substrate for testosterone productiomgevm®t changed after treatments of APFO in threeiseo
groups, though the HMG-CoA reductase levels ofutiteeated, control group were significantly higher
hPPARx mice than mPPAdRand Ppat-null mice. The results suggest that enzymes éaktmtcholesterol
biosynthesis in Leydig cells were probably notcée.

Cholesterol transport

Steroidogenic acute regulatory protein (StAR) armigheral benzodiazepine receptor (PBR) play key
regulatory roles in cholesterol transport from tbeter to the inner mitochondrial membrane. APFO at
doses of 5mg/kg/d inhibited the expression of SMRRIA in the testis of mPPARnice, and at the low and
high dose in the testis of hPPARiice. PBR mRNA level was not affected by APFQnresat, except in
hPPARx mice exposed to APFO at 5 mg/kg/d, in which PBRIMRVvel was decreased. The results suggest
that cholesterol transport from the outer to theén mitochondrial membrane could be reduced by APFO
However, it was noted that PBR mRNA levels in sestehe control groups were higher in hPRARIce
than in mPPAR and Ppau-null mice.

In addition, a statistically significant reductiqp<0.05) of the reproductive organ (epididymis as&ininal
vesicle + prostate gland) weight of the wild-typBAR: mice treated with the highest concentration was
seen (Li et al., 2011).

In the Li et al. (2011) study, an increase in abnal sperms and the incidence of abnormal seminifero
tubules with vacuoles or lack of germ cells wergesbed in APFO-exposed mPRARNd hPPAR mice.
However, these findings were not observed in &ymadl mice. It shows that activation of peroxisome
proliferator-activated receptor alpha (PPAIRby APFO is an essential step in induction ofdibyiin testes.

PPARx is expressed in interstitial Leydig cells or seifeirous tubule cells of testis in mPPARiice, but not
in the testis in hPPAR similarly to Ppat-null mice (Cheung et al., 2004).

Nevertheless, APFO caused reproductive impairmehPiPAR: mice similar to that seen in mPPARice,
suggesting that some toxic molecule(s) such adiveasxidative species (ROS) molecules due toaiv

of hepatic PPAR may be produced in the liver and circulated in biogly, because a common point between
mPPAR: and hPPAR mice was that both had PPARN the liver, and the activation of this recepioriver
produced ROS molecules by induction of the recepeulated ROS-generating genes (Nakajima et al.,
2010). In the view of the authors (Li et al., 2Q1filrther studies are warranted to assess whetbenes
reactive species which attack mitochondria of thgdig cells were produced in the liver.

APFO, PFOA, PFENA, PFEN-S and PFN-A are agonists BAR:, which means they are capable of
peroxisome induction in cells. Alterations in spexnd testes induced by APFO in the Li et al. (2Gtdyly
might thus be related to peroxisome proliferatiorttie liver. Peroxisomes are cell-organelles whiah be
induced to a specifically high level in rats andcenunder certain conditions, e.g. by repeated exmgot
long chain and branched fatty acids. Peroxisomelifemation, which in particular occurs in the liver
causes liver toxicity (e.g. hyperplasia, oxidatsteess) and can ultimately, after long-term expesaiso
lead to tumours. There is no evidence of e.g. lepagaly from clinical studies in humans treatechwit
peroxisome proliferators (Purchase, 1994). Therefan the interpretation of these results for cifisation
purposes it should be noted that peroxisome indnfgroliferation is listed in section 3.9.2.5.3tbé CLP
Guidance among the mechanisms considered not reléwdumans and which should not be considered for
classification for STOT RE. This is in line withcéen 3.9.2.8.1(e) of Annex | to the CLP Regulatishich
states that substance-induced species-specific anexhs of toxicity, i.e. demonstrated with reasdmab
certainty to be not relevant for human health, khat justify classification for STOT RE.

In the mechanistic study of Feng et al. (2009),en&D rats were exposed by gavage to PFNA at dd€es o
1, 3 and 5 mg/kg bw/d for 14 days. In this studgpse-dependent increase in the number of apoptetis

65



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

was observed. No sperm cell counts were done snstiidy. In the histological examination of testesn

rats exposed to 5 mg/kg bw PFNA, the spermatogmiis exhibited apoptotic features, namely crescent
chromatin condensation and chromatin margination.eValuate the impact of PFNA on germ cell suryival
testes sections were examined for DNA fragmentatidicative of cell death using the TUNEL staining
(terminal deoxynucleotide transferase mediated dlid8n nick end labeling). Seminiferous tubules of
control animals had very few TUNEL-positive ceiltglicating very low level germ cell attrition in roal
testes. In the 1 mg PFNA/kg/d group, only a few ELHdositive cells were observed, but this stainvasp
more pronounced and the TUNEL-positive cells waoeeased in testes of animals receiving 3 and 5 mg
PFNA/kg/d. The TUNEL-positive germ cells were nyagpermatocytes and spermatogonia, and these cells
seemed to be initially more susceptible to PFNAcityx No quantitative data on numbers of observed
TUNEL-positive cells were provided.

In the flow cytometric DNA analysis of spermatogesglls the percentage of apoptotic cells in thend 5
mg PFNA/kg/d groups ca. 7% and 9%) was increasesiderably compared with ca. 1.5% in the control
group. No significant differences were detectethenl mg/kg/d group.

As reviewed by the authors (Feng et al., 2009),pagmis during different stages of spermatogenesis i
responsible for the maintenance of normal quaatitgl quality of sperm.

During the process of apoptosis, a family of cystqiroteases (caspases) are activated. Two pathkaaayes
been recognized as leading to excessive apoptbgisrm cells. The first pathway links caspase-&as
death receptors belonging to the family of tumocrasis. In the second pathway, mitochondrial damage
induced by extracellular stress causes the relepsincytochrome ¢ from mitochondria into the cyasph,
which activates apoptosis.

The following changes in Fas and FasL mRNA exprashivels in testis were observed after PFNA
exposure: Compared to the control group, expresgerls of Fas in the 1 and 3 mg PFNA/kg/d groups
were higher, but no statistical differences wereutnented. In the 5 mg PFNA/kg/d group, Fas expessi

was markedly upregulated about 90% compared wighctintrol group. Moreover, expression of FasL was
significantly down-regulated in the 3 mg PFNA/kd@mke group; however, no significant differencesewer
observed in the 1 and 5 mg PFNA/kg/d groups.

The effects of PFNA exposure on mRNA expressigene’s involved in apoptosis through the mitoch@nadri
dependent pathway in male rats were also determiBggression levels of Bax gene were increased by
35.7% in the 5 mg PFNA/kg/d group, but no significdifferences were observed in the 1 and 3 mg
PFNA/kg/d groups compared to the control groupadidition, Bcl-2 expression levels were down-regdat
significantly in the 3 and 5 mg PFNA/kg/d groups.

Western blot analysis, used to compare changdsimttive caspase-8 and caspase-9 protein levetsah
protein extracts from testes, demonstrated thatdiels of active caspase-8 were significantly éased in
the 3 and 5 mg PFNA/kg/d groups, but PFNA treatrdehnot affect the levels of active caspase-9iy af
the exposed groups.

The serum estradiol level was 104% higher in the exposed to 5 mg/kg bw PFNA than in the conts, r
but no significant changes were seen in serum disirievels in rats dosed at 1 and 3 mg/kg/day ré&tveas
a significant, 1.87-fold increase in testosteroeeels in the 1 mg/kg bw PFNA rats compared to tmgrol
rats. Testosterone levels were not altered in exisosed at 3 mg/kg/d, but were significantly desedato
ca. 15% of the control values, in the 5 mg/kg bis.ra

Neither the Li et al. (2009) study nor the Fengakt(2009) study, due to the aims of the studied an
methodology used, demonstrated that APFO or PFNo&lymes an adverse effect on sexual function and
fertility, such as reduction of mating or fertilitpdexes or sperm counts. However, they demondtthtd
APFO and PFNA may affect morphology of sperm, déeel of sex hormones (testosterone and estradiol)
and biochemical processes essential for sperm mtomuor sexual behavior.

In the oral 2-generation reproductive toxicity syudising S-111-S-WB in rats (Stump et al., 2008 ffext
on fertility was observed. S-111-S-WB (fatty a€iésC18, perfluoro, ammonium salts, CAS No. 72968-38
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8) is a mixture of perfluorinated fatty acid ammani salts of different carbon chain lengths thatised a
surfactant in polymer manufacturing. The major comgnt of S-111-S-WB is PFNA, although detailed
information on content of various constituents was provided. S-111-S-WB was administered daily via
oral gavage to 30 Crl:CD(SD) rats/sex/group at dos€0.025, 0.125 and 0.6 mg/kg/d over two germmnati

to assess potential reproductive toxicity.

Reproductive performance, mean litter size, pupisal and pup weights were unaffected. No testlati
related effects were observed in the FO and F1 g¢ioas on male and female fertility index, estraysle
length, mean testicular sperm numbers and sperndymtion rate at any dose. Slightly lower, but
statistically significant, mean sperm motility (3% of the control value) and progressive motiliig.4% of
the control value) was noted for FO males, butindtl males, in the 0.6 mg/kg/d group when comp#oed
the control group values.

Sperm concentration (106/g) in the left epididyi$0 males was reduced in the 0.025 and 0.6 mg/kg/
groups to 86.4% and 86.5% of control values, respely, but sperm concentration in the left epidity
was not reduced in the 0.125 mg/kg/d group. Infthanale generation, sperm concentration (106/ghim

left epididymis was not affected by S-111-S-WBtrtreat. No pathological changes were observed in
histopatological examinations of testes of FO addtale rats.

Lower mean body weights were observed in the 0/Bgftygroup in FO and F1 males. Higher absolute and
relative liver weights were noted in FO and F1 nsalethe 0.125 and 0.6 mg/kg/d groups, and in F b
females in the 0.6 mg/kg/d group. Hepatocellulaperyrophy was observed in FO and F1 males in the
0.025, 0.125 and 0.6 mg/kg/d groups and in FO femaf the 0.6 mg/kg/d group. The foci of hepatolzell
necrosis with associated subacute inflammation wéserved in FO and F1 males of the 0.025, 0.126 an
0.6 mg/kg/d group.

Higher kidney weights were observed for parentalesyand females in the 0.125 and 0.6 mg/kg/d groups
Hypertrophy of renal tubule cells for FO males afminales in the 0.6 mg/kg/d group correlated with
increases in mean absolute and relative kidney hisig

Total S-111-S-WB concentration in the serum of raakk female pups was 1.2-1.4-fold higher than & th
dams 2 h following administration to the dams artddion day 13.

The results of the 2-generation study with S-1M/ES- containing a mixture of perfluoroalkyl acids,
primarily of longer carbon chain length than PFOWith PFNA as a major component, did not provide
sufficient evidence of alterations of fertility dteeexposure to this mixture at dose levels of ®.42d 0.6
mg/kg/d. The exposure at these doses elicited siestemic toxicity due to hepatotoxicity and nefxicity

of the mixture, particularly in male rats. Statégtily significant, although not dose-related, and
guantitatively minor (5-14%) reductions in spermtitity and sperm count in the epididymis of FO nsale
but not in F1 males,without histopatological chasige the testes, demonstrated potential for telsticu
toxicity from exposure to S-111-S-WB. However gmaisior alterations in sperm quality could be relhto
systemic toxicity due to liver and kidney dysfuomcti

A dose level of less than 0.025 mg/kg/d was comglde be the NOAEL for FO and F1 parental systemic
toxicity based on microscopic hepatic findings hie tmales of all test article groups, and a dosellef
0.025 mg/kg/d was considered to be the NOAEL fonaal toxicity based on higher liver weights ie Rl
and F2 pups at 0.125 mg/kg/day and higher.

The proposal for classification of PFNA, PFN-S &@PBEN-A as Repr. 2, H361f (Suspected of damaging
fertility) is further supported by preliminary humalata. In the study of Nordstrém Joensen et 8092, a
group of 105 young adult men reporting for militaisaft in Denmark was examined to discover the iptess
association between the levels in serum of perfaidyl acids (PFAA) and testicular function. Theuse
level of 10 different PFAA with carbon chain lendgitbm C6 to C13 was examined. Out of all examined
PFAAs, the highest concentrations were found foflymrooctane sulfonic acid (PFOS), perfluorohexane
sulfonic acid (PFHxS), PFOA and PFNA (medians ab28.6, 4.9, and 0.8 ng/mL, respectively). Thé hig
serum concentrations of PFAAs were significantlsoasated with reduced numbers of normal spermatozoa
In addition, sperm concentration, total sperm coamd sperm motility showed some tendency towavdro
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levels in men with high PFAA levels, although riostatistically significant levels. The authors eabtthat
the results from this preliminary study should beraborated in larger studies.

Taking into account

- minor effects (small reductions in sperm motilidaperm count in epididymis of FO males, but not
in F1 males) without reductions in mating or fatyilindexes with the mixture S-111-S-WB which
has PFNA as major constituent, in a 2-generatiagt(Stump et al., 2008);

- increase in serum testosterone levels, decreaseriim estradiol levels and increased frequency of
spermatogenic cells with apoptotic features in mtposed by gavage to 5 mg PFNA/kg/d (Feng et
al., 2009);

- reduced plasma testosterone concentrations, inetaequency of abnormalities in sperm
morphology and vacuolated cells in the seminifertausiles of 129/sv wild-type (mPPARand
hPPARx mice exposed orally to APFO for 6 weeks, althotingise effects could be mediated in part
by liver peroxisome proliferation, since they waot observed in similarly exposed Pparull mice
(Li et al., 2011); and

- the supporting preliminary human data,

RAC is of the opinion that classification of PFNAPFN-S and PFN-A as Repr. 2, H361f (Suspected of
damaging fertility) is warranted.

In the opinion of RAC, the existing evidence is sufficient to classify PFNA, PFN-S and PFN-A as
Repr.1B, H360F (May damage fertility), becausedfiect on the sperm count was observed only if-the
generation, but not in F1 males exposed to a mexadperfluorinated fatty acid ammonium salts dfiedent
carbon chain lengths in a 2-generation study (Stwpl., 2008) and the epididymal sperm count was n
affected in wild-type, Pparnull and PPAR-humanized mice exposed orally to APFO for 6 weBlks.fact
that PFOA and APFO, were not classified for sexualktion and fertility (due to negative resultsaoR-
generation study with APFO; York, 2002, Butenhofile 2004; and the lack of supporting evidenaanfr
repeated dose toxicity studies, which gave no aiitin of disturbances of fertility) in the RAC oipim (2
December 2011) was also considered.”

Supporting data — PFUnDA and PFDoDA

The two longer PFCAs in the supporting chemicaégaty have two very recent studies indicating efec
on male reproductive organs in line with the firgdirreported for PFOA/APFO, PFNA and PFDA. Dose
levels for studies of PFUNDA were set based onréselts from a dose range-finding study where 20
mg/kg/day PFUnDA caused mortality in 5/5 males df&l females. In a combined repeated dose toxicity
study with a reproduction/developmental toxicityesming test (OECD TG 422) there were no adverse
histopathological effects on reproductive organseoled in rats dosed with PFUnDA (0, 0.1, 0.3, 1.0
mg/kg/day, oral gavage) for 42 days (males) or @1days (females) (Takahashi et al., 2014). Minimal
spermatic granuloma in epididymis was detected @&tig/kg/day in 1 out of 5 males and mild spermatic
granuloma in epididymis was seen at 0.1 mg/kg/dayl/l males. No statistical significant effect on
reproductive organ weight, however, a slight batistically significant decrease in the relativstigeweight
(11%) at high dose 1.0 mg/kg/day was reported (hakii et al 2014). Body weight gains in males @t 1.
mg/kg/day decreased (<10% difference compared trad after day 30 during the dosing period and
throughout the recovery period; however, there werestatistically significant changes. Female natthe
satellite group (not mated) displayed a statidiicsilgnificant (p<0.05) reduced body weight (approx. 15%
compared to control as estimated from graphicakg&tion) starting from day 38 and continuing
throughout the dosing period (42 days) and recoypenyod (14 days). No statistical significant chesg
compared to controls in body weight in the damseweported. Centrilobular hypertrophy of hepatogyte
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males (3/7 at 0.3 mg/kg/day and 7/7 at 1.0 mg/kg/dad females (1/12 at 0.3 mg/kg/day and 11/1P.Gt
mg/kg/day) were observed after treatment for 40dgs, diffuse vacuolation of hepatocytes in maB#8)(
and minimal focal necrosis in males (2/7) and fasn§P/12) were observed at 1.0 mg/kg/day.

In a similar study by the same research group E@APwith one additional CF2-group in the carbonicha
PFDoDA, was investigated in rats in a combined aegee dose toxicity study with a
reproduction/developmental toxicity screening t€ECD TG422; Kato et al 2014). PFDoDA was
administered by oral gavage at doses 0.1, 0.5,5%m@/kg/day. Body weights in the males (from day 2
approx. 30% less than control at recovery day ¥0.q1), females in the satellite group (from day 35
approx. 30% less than control at recovery day ¥Q.Ql) and in the dams (through the gestation and
lactation period; approx. 30% less than controD.p% at GD 20-21) were statistically significantgeased

at 2.5 mg/kg/day. 7 of 12 female rats receiving @&kg/day died during late pregnancy. Statistycall
significant increased incidences compared to comgroups of diffuse hepatocyte hypertrophy (slight
moderate) in liver in both males (5/7, p<0.05) dechales (slight: 6/12, moderate: 6/12, p<0.01) .&t 2
mg/kg/day treated for 42 days were reported. Maadlyfindings related to reproductive toxicity were
reported at the highest dose tested (2.5 mg/kgéovd) were associated with excessive general toxicity
(reduced body weight). Various histopathologicarues, including decreased (not statistically ficarit)
spermatid (slight change 2/7) and spermatozoa so(sight change 2/7; moderate change 1/7; severe
change 1/7); slight spermatic granuloma (2/7) asibdebris in the lumen of epididymis (slight to devate
change 3/7); and slight to moderate glandular efpitin atrophy of prostate (4/7), seminal vesicl&g),

and coagulating gland (4/7) were observed in thie meproductive organs after exposure of 2.5 mgkékg/
PFDoDA for 42 days. The ratio of organ to body virigf testes was increased<Qp01) in the group of
males that were kept an additional 14 days afteddys of administration of 2.5 mg/kg/day PFUNDA
compared to controls in the recovery group (0.88&wwared to 0.671 in control). However, in the same
group, the absolute testis weight was 15% lowen dmantrol (not statistically significant). Hemoreagn the
implantation site and/or congestion on the enddomatwere detected in the uterus of all the 7 fesm#hat
died during the gestation period. Hemorrage atirti@antation site was also detected in one fenfade t
delivered stillborn pups. Continuous diestrous whserved in the females of the 2.5 mg/kg/day grtap
were not mated (satellite group) during the adrai®n period (length of estrous cycle could net b
determined). During the recovery period, 1 out Bdkes in the same group had normal estrous cycle.
Female rats that were assigned to the dosing grioups mated displayed normal estrous cycles amgthe
during the premating period at all doses. Fourajut?2 female rats (in addition to those 7 rats vdned
during late pregnancy) receiving 2.5 mg/kg/day wiid deliver live pups, i.e. only one dam delivepgbs
normally (14 alive, 2 dead). Thus, only 1 litter svaxamined and data was therefore excluded from
statistical evaluation. Delivery index at 0.5 mdday was slightly but not statistically significadecreased:
89.7% compared to 94.3% in control.

In a number of studies Shi et al have investigétedalterations in gene and protein expressiohértéstes

of rats exposed to PFDoDA for shorter (14 dayslpoger periods (110 days) and the results inditze
PFDoDA disrupts testicular steroidogenesis andesgion of related genes in male rats. At the higthese
levels tested (5 or 10 mg/kg/bw) where excessiveegg toxicity were evident (markedly reduced body
weight) PFDoDA were reported to induce an apoptefiect in cells in rat testes: Leydig cells, Skrtells
and spermatogonic cells were displaying apoptotarpimological features after 14 days treatment of
PFDoDA (Shi et al., 2007). The testicular mRNA egmion of several genes involved in cholesterol
transport and stereoid biosynthesis were signifigapduced at the same dose levels, howeveruhear

to what extent this deteriorated expression isvegleconsidering the concomitant apoptotic celltiléa the
tissue. Exposure to PFDoDA for 110 days resultea dose-dependent decrease in serum testosterete le
and levels were statistically significant markedlgcreased (p<0.05) at 0.2 mg PFDoA/kg/day (56% of
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control levels) and 0.5 mg PFDoA/kg/day (40% of tcoinlevels) (Shi et al., 2009a). PFDoA exposure
resulted in significantly decreased (p<0.05) protevels in testes of steroidogenic acute regufgpootein
(StAR) at 0.05 mg/kg/day (62.6% of control level®)2 mg/kg/day (50.6% of control levels) and 0.5
mg/kg/day (53% of control levels), and decreasealesterol side-chain cleavage enzyme (P450scc)at 0
mg/kg/day (Shi et al., 2009a). Also in female ragsnes responsible for cholesterol transport and
steroidogenesis were reported to be effected. Magian expression of steroidogenic acute regulatory
protein and cholesterol side-chain cleavage enzyae significantly decreased (p<0.05) at 3 mg/kg/day
(72% of control levels and 62% of control levelsspectively). 17-beta-hydroxysteroid dehydrogemnese
increased (p<0.05) from 0.5 mg/kg/day. FurthermBFDoDA significantly decreased estradiol level3%6

of control levels) and increased cholesterol leyet®.05) at 3 mg/kg/day.

Together this shows that PFDoDA, similarly to PF@Ad PFDA, have been found to induce testicular
toxicity and to decrease testosterone levels, aqmiessional changes in genes involved in cholédstero
transportation and steroidogenesis may play ainotee reduction of testosterone observed after ¢t
exposure.

Conclusion on read-across data

In summary, sperm abnormalities, effects on mapgoductive organs and altered hormonal levels were
observed in rodents treated with PFCAs ranging f@8nto C12 indicating that adverse effects on sexua
function and fertility is an intrinsic hazard oftfe substances including PFDA.

10.8.3 Comparison with the CLP criteria

Based on read-across from the source chemical AFFQA, with supporting mechanistic data on the C9
polyfluoroalkylated carboxylic acid PFNA and on tiaeget chemical PFDA, the information is suffidiém
fulfil the criteria for classification in reproduce toxicity — adverse effects on sexual functionl dertility.
There was an absence of effects on fertility andidefunction in a two-generation reproductive tityi
study on the source chemical data APFO (sourceichgnand in addition, there were no effects onilisr

or sexual function in a two-generation reproductimeicity study of the mixture S-111-S-WB (contaigi
long chain PFCAs: PFNA was a major constituent,ated PFUNDA and longer chain PFCAs were present).
However, there are several studies of the soureenidal and supporting long-chain PFCAs presenting
adverse effects on fertility and sexual functiorP6DA and its ammonium and sodium salts manifeated
alterations of male reproductive system, sperm abalities and altered hormonal response. Thesetsffe
are considered as some evidence from experimamitabés, but not as clear evidence of an adversetedih
sexual function and fertility. Based on the avdgadata on APFO/PFOA and PFNA RAC was of the
opinion that classification of PFNA and its ammaniand sodium salts as Repr. 2, H361f (Suspected of
damaging fertility) was warranted, as stated abBNDA and its ammonium and sodium salts are thexefo
suspected to be a human reproductive toxicant asldsaification in category 2 for reproductive i —
adverse effects on sexual function and fertilitgaading to the CLP regulation is proposed. The texgs
evidence was not considered sufficient to clasBRNA and its ammonium and sodium salts as Repr. 1B,
H361F according to RAC (see the conclusion abowa fihe RAC opinion on PENA and its ammonium and
sodium salts)‘In the opinion of RAC, the existing evidence i¢ sofficient to classify PFNA, PFN-S and
PFN-A as Repr.1B, H360F (May damage fertility), dexe the effect on the sperm count was observgd onl
in the FO generation, but not in F1 males expoged mixture of perfluorinated fatty acid ammoniuafts
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of different carbon chain lengths in a 2-generatgtody (Stump et al., 2008) and the epididymal raper
count was not affected in wild-type, Pgarull and PPAR-humanized mice exposed orally to APFO for 6
weeks. The fact that PFOA and APFO, were not dlaedsfor sexual function and fertility (due to néga
results of a 2-generation study with APFO; YorkQ20Butenhoff et al., 2004; and the lack of sugpgrt
evidence from repeated dose toxicity studies, whaoke no indication of disturbances of fertility) the
RAC opinion (2 December 2011) was also consider@tiérefore, based on read-across from the source
chemical APFO/PFOA, with supporting information BRNA and on the target substance itself, evidemice i
not sufficient to classify PFDA and its ammoniundaodium salts as Repr 1B, H360F.

10.8.4 Adverse effects on development

There is limited data on adverse effects on theldgwment of the offspring of PFDA and its ammonianal
sodium salts. In this dossier read-across fromsthectural analogue PFOA/APFO has been utilizedrevhe
no data specifically on PFDA and its ammonium aodilgm salts to support harmonised classificatione O

in vitro mechanistic study of PFCAs including PFGXNA and PFDA has been included to further support
the classification.

71



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

Table 35a: Summary table of animal studies on advge effects on development
Method Deviation(s) from | Species Test Dose levels Results Reference
Guideline |the guideline (if | Strain substance, |duration of

any) Sex reference to | exposure

no/group |table 5

No The mice were Mouse PFDA, Oral gavage in| Maternal toxicity Harris MW, Birnbaum
guideline | dosed once per dgy .o, s\ | nonadecafluol corn oil GD 10- 30% mortality at GD 18 at 12.8 mg/kg/day\ S. Developmental
study for either 4 rodecanoic |13 o toxicity of

consecutive days | Female acid; CAS 025 05.1.0 :\Ie%tu?:ve\}/ dcgg;%ilrig t?) -iﬁrﬂf}o?lflcantly perfluorodecanoic acid in

(GD 10-13) 0r 10 | 1414 No. 335-76-2 2:0 40 80 a9 g (p<0.01): C57BL/6N mice. Fundan)

consecutive days | ,nimals in Purity: 96% 16.6 32"0 " |0.4 g at 6.4 mg/kg bw/day, Appl Toxicol. 1989

(GD 6-15). Dams each contro mg/k,g/day -2.4 g at 12.8 mg/kg bw/day Apr;12(3):442-8.

were weighed on and dose o . .

GD 18 and killed Oral gavage in | Relative liver weight (organ-to-body weight

by decapitation group corn oil GD 6- | ratio) significantly increased compared td

15 control 6.7 g (p<0.01):

0, 0.03,0.31.0
3.0,6.4,12.8
mg/kg/day

7.9 g at 1 mg/kg bw/day
10.3 g at 3 mg/kg bw/day
13.8 g at 6.4 mg/kg bw/day
15.2 g at 12.8 mg/kg bw/day

Developmental toxicity

Increased % resorptions per litter at
6.3 mg/kg bw/day (19.1%) and at 12.8
mg/kg bw day (41.7%)

Full litter resorption at highest doses
1/14 at 6.3 mg/kg bw/day
3/10 at 12.8 mg/kg bw/day
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Dose-dependent decrease in fetus body
weight per litter

1.12 g (96% of ctrl, p<0.05) at 1 mg/kg
bw/day,

1.10 g (94% of ctrl, p<0.01) at 3 mg/kg
bw/day,

0.90 g (77% of ctrl, p<0.01) at 6.3 mg/kg
bw/day,

0.59 g (50% of ctrl, p<0.01) at 12.8 mg/k
bw/day, compared to control 1.17 g.

Decreased number of live fetus per litter
5.8 at 6.3 mg/kg bw/day (n.s.),

4.6 at 12.8 mg/kg bw/day (p<0.05)
compared to control 7.2.

©

Read-across data: Adapted from BD CLH APFO; Tablg 1

Sprague-

(22/group)

Dawley rats

APFO

Oral by gavage
0,0.05,15,5
and 150
mg/kg/day
APFO

Gestation day
6-15

Maternal toxicity: In the high dose group
dams died, and a significant reduction in
maternal body weights on gd 9, 12 and 1
was reported. The NOAEL for maternal
toxicity was 5 mg/kg/day.
Developmental toxicity: No significant

3

differences were found between treated and

control groups. The NOAEL for
developmental toxicity was 150 mg/kg/da

y.

Gortner, 1981
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Rabbits (18| APFO Oral by gavage Maternal toxicity: Six dams died during the Gortner, 1982
/group) 0, 1.5, 5 and 5@ study, however, 5 of the 6 deaths were
mg/kg/day attribu_ted to gavage errors. .Transient
APEO reduction in body weight gain on gd 6-9,
however, they returned to control levels an
Gestation day | 9d 12-29. No other effects were
6-18 reported.No clinical or other treatment
related signs were reportedThe
NOAEL for maternal toxicity was 50
mg/kg/day.
Developmental toxicity: A dose-related
increase in a
skeletal variation, extra ribs or 13th rib,
which
reached statistically significance at 50
mg/kg/day
(38%, 30%, 20% and 16% in the 50, 5, 1|5
mg/kg/day and control group, respectively).
The NOAEL for developmental toxicity
was 5 mg/kg/day.
Sprague- |APFO Oral by gavage Trial 1 maternal toxicity: Three dams died  Staples et al., 1984
Dawley rats 0 and 100 at 100 mg/kg/day during gestation (one gn
(25/group mg/kg/day GD 11 anq two on GD 12): Food
in the first APFO consumption and body weight was reduced
. in treated dams compared to controls. Nd
trial, ) Gestation day | other effects were reported on reproductive
12/group in 6-15. In trial 1 | Parameters such as maintenance of
the second the dams were| Pregnancy or incidence of resorptions.
trial) o Trial 1 developmental toxicity: No effects
sacrificed on gdreported.
21, in trial 2 the Trial 2 maternal toxicity: The same as in
dams were trial 1.
allowed to litter| Trial 2 developmental toxicity: No effects
and the pups | reported.
were sacrificed
on postpartum
day 35.
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Sprague-
Dawley rats
(12/group
in trial 1
and 2)
inhalation

APFO

0,0.1,1,10
and 25 mg/m3
APFO (whole
body dust
inhalation), 6
hours/day

Respirable
particles <10
um 77% - 90%
(MMAD 1.4-
3.4um=4.3-
6.0)*

Gestation day 6-15. In trial 1 the dams were Staples et al., 1984
sacrificed on gd 21, in trial 2 the dams were

allowed to litter and the pups were
sacrificed on postpartum day 35
Trial 1 maternal toxicity: Treatment-relatgd
clinical signs were reported in the two
highest dose groups (chromodacryorrhea
chromorhinorrhea, a general unkempt
appearance, and lethargy in four dams in
the high dose group only). 3 dams died in
the high dose group on gd 12, 13 and 17| In
the two highest dose groups a statistically
significant reduction in food consumption
was reported, however, no significant
differences were seen between treated and
pair-fed groups. In the highest dose group a
statistically significant reduction in body
weight and increase in mean liver weight
was reported. The NOAEL for maternal
toxicity was 1 mg/m3.

Trial 1 developmental toxicity: A
statistically significant reduction in mean
foetal body weight. was reported at 25
mg/m3 and in the control group pairfed 2
mg/m3. However, interpretation of the
decreased foetal body weight is difficult
due to mortality in dams The NOAEL for
developmental toxicity was 10 mg/m3.
Trial 2 maternal toxicity: Similar as to tria
1. Two dams died during treatment in the
highest dose group.

Trial 2 developmental toxicity: A
statistically significant reduction in pup
body weight on day 1 post partum (PP) (6.1
g at 25 mg/m3 vs 6.8 g in controls). Dayg 4
and 22 PP pup body weights continued tp
remain lower than controls, although the
difference was not statistically significant

o1

U7
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No significant effects were reported
following external examinations of the pups
or with ophthalmoscopic examination of the
eyes. Interpretations of the effects reportgd
are difficult due to the incidence of
maternal mortality. The NOAEL for
developmental toxicity was 10 mg/m3.
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CD-1 mice

APFO

Oral by gavage
0 (45), 1 (17), 3
(17),5 (27), 10
(26), 20 (42) or|
40 (9) mg/kg
bw/day APFO
(number in
brackets is
number of
dams
examined)

From gestation
day 1to 17, at
gestation day
18, some dams
were sacrificed
for maternal
and foetal
examination,
and the rest
were allowed tq
give birth.

Maternal toxicity:
Statistically significant (st sign) reduction

in body weight gain in the 20 and 40 mg/kg

bw/day dose groups. Maternal body weig
including an adjustment for gravid utering
weight and liver weight produced
statistically significant differences from
controls only at the highest dose (20
mg/kg).The maternal weight gain on GD
was approximately 22, 24, 28, 21, 17, 5 &
minus 5 gram in the control animals, 1, 3
10, 20 and 40 mg/kg bw/day exposed
groups, respectively. In addition APFO
treatment led to a dose-depended st. sig
Increase in liver weight from 1 mg/kg

bw/day. The maternal serum level of APF

increased in a dose-dependent manner.
NOAEL for maternal toxicity could be
derived. The LOAEL at 1 mg/kg bw/day i
based on a st. sign. increased liver weigh
Developmental toxicity:

No changes in the number of implantatio
were reported. However, a st. sign. incre
in the incidence of full litter resorption fro
5 mg/kg bw/day (6.7, 11.8, 5.9, 25.9, 46.

ht

18
ind
51

=

88.1 and 100% in the O, 1, 3, 5, 10, 20 amd

40 mg/kg bw/day dose group, respective
was reported. The number of live foetuse
per litter was st. sign. reduced at 20 mg/K
bw/day. The foetal body weight was st.
sign. decreased at 20 mg/kg bw/day.
Reduced ossification of sternebrae, caud
vertebrae, metacarpals, metatarsals,
phalanges, calvaria, supraoccipital and
huoid as well as enlarged fontanel was
reported as well. The delay in ossification
was especially prominent in the 10 and 2
mg/kg bw/day dose groups, but reduced
limb ossification sites and reduced
ossification of calvaria was observed fron

Y)
S

g

al

mg/kg bw/day.

Lau et al.,

2006
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Most offspring were born alive, but the
incidence of stillbirth and neonatal
mortality was increased markedly,
particularly in the 10 and 20 mg/kg bw/d3
dose groups. At 10 and 20 mg/kg bw/day
most of the pups did not survive the first
day of life. Postnatal survival was
comparable to controls in the two lowest
dose groups and significantly lowersd
mg/kg bw/d. Among survivors, a trend
towards growth retardation was noted in
APFO- treated neonates, leading to 25-3
% lower body weights from 3 mg/kg
bw/day at weanling. Corresponding to thg
early postnatal growth deficits,
development of the mice exposed in uter
was impaired, evident as st. sign. delays
eye opening from 5 mg/kg bw/day, by as
much as 3 days. The onset of puberty of
male pups was markedly advanced. The
preputial separation in the 1mg/kg bw/da
dose group was almost 4 days earlier tha
in control pups, and this accelerated
pubertal malformation took place despite
body weight reduction of 25-30%. No
acceleration in female pubertal onset wa
reported. No NOAEL for developmental
effects could be determined. The LOAEL
1 mg/kg bw/day is based on increases in
onset of sexual maturation in malesiéxt
added to the original report by the

the

O

©

O

in

S

a

at
the

rapporteurs

78



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

Sprague-
Dawley rats
(30
rats/group)

APFO

Oral by gavage
0,1,3,10and
30 mg/kg/ day
APFO

2 generations

FO males: In the highest dose group one
male was sacrificed on study day 45 due

adverse clinical signs. No treatment-related

effects were reported at any dose level fq
any of the mating and fertility parameters
assessed. At necropsy a statistically
significant reduction in terminal body
weight was reported from 3 mg/kg/day
(6%, 11%, and 25% decrease from contr
in the 3, 10 and 30 mg/kg/day, respective
Absolute weights of the left and right

epididymis, left cauda epididymis, seminal

vesicles, prostate, pituitary, left and right
adrenals and thymus were statistically
significantly reduced at 30 mg/kg (day,
however, the organ-to- body weight ratio
were either normal or increased. The
absolute weight of the liver was
significantly increased in all dose groups
and the absolute weights of the kidneys
were significantly increased at 1, 3 and 1
mg/kg/day, and significantly deceased at
mg/kg/day. Organ weight-to-body weight
ratios for the liver and kidneys were

significantly increased in all treated groups.

No histopathology was performed on the
liver and kidney. Dose-related
histopathologic changes were reported in
the adrenals. No treatment-related effect
were reported at necropsy on the
reproductive organs, with the exception d
increased thickness and prominence of t
zona glomerulosa and vacuolisation of th
cells of the adrenal cortex in 2/10 males
7/10 males in the 10 and 30 mg/kg/day d
group. The LOAEL was 1 mg/kg/day bas
on increased absolute and relative liver
weight.

FO females: No treatment-related effects

York, 2002; Butenhoff et
to al., 2004
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were reported on oestrus cyclisity, matin

or fertility parameters. No treatment-related
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effects on body weights or organ weights.

The NOAEL was 30 mg/kg/day.

F1 generation: At 30 mg/kg/day one pup
died on Lactation Day (LD) 1. Additionall
on LD 6 and 8 a significant increase in th

e

numbers of pups found dead were reported

at 3 and 30 mg/kg/day. Pup body weight
a per litter basis was significantly reduce
up to lactation day 15 in the high dose
group (LD 1; 5.5 vs 6.3 in controls, LD 8;
11.9 vs. 13.3in controls, and LD 15; 22.9
vs. 25.0 in controls). Of the pups necrops
at weaning no absolute or relative organ
weight changes were reported.

F1 males: A significant increase in
treatment-related deaths (5/60 rats) was
reported in the high dose group between
day 2-4 post-weaning. Significant increas
in clinical signs of toxicity were also
reported during most of the post-weaning
period at all dose levels. A significant dog
related reduction in mean body weight g4
for the entire dosing period (days 1-113).
Absolute food consumption was
significantly reduced from 10 mg/kg/day
during the entire pre-cohabitation period
(days 1-70 postweanling), while relative
food consumption values were significan
increased. Significant delays in sexual
maturation (the average of preputial
separation) were reported at 30 mg/kg/da
(52.2 days of age vs. 48.5 days of age in
controls). When the body weight was co-
varied with the time to sexual maturation
the time to sexual maturation showed a
dose-related delay that was statistically
significant at g£0.05. No treatment-related
effects were reported at any dose level fg
any of the mating and fertility parameters
assessed. Necroscopic examination reve

on
)
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n
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significant effects on the liver and kidney
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from 3 mg/kg/day. Terminal body weight
was significantly dose-related decreased
from 1 mg/kg/day (6%, 6%, 11%, and 22
decreased from controls at 1, 3, 10 and 3
mg/kg/day, respectively.

The absolute and relative liver weights w

significantly increased in all treated groups

and were accompanied by histopatholog
changes. All other organ weight changes
reported (thymus, spleen, left adrenal,
brain, prostate, seminal vesicles, testes g
epididymis) were probably due to body
weight reductions, since the relative

/o
0

ere

cal

\nd

weights of these organs were either normal

or increased. However, the biological
significance of the weight changes obser|
in the adrenal is unclear since
histopathological changes were also
reported. The NOAEL developmental
effects were 3 mg/kg/day and the LOAEL
for F1 adult effects was 1 mg/kg/day.

F1 females: A significant increase in
treatment related deaths (6/60 rats) was
reported in the high dose group between
day 2-8 post-weaning. Significantly
decrease in body weights were reported
the high dose group during post-weaning
precohabitation, gestation and lactation
Body weight gain was significantly reduc
during day 1-15 posweanling. Decreased
absolute food consumption was reported
during days 1-22 post-weaning,
precohabitation, gestation and lactation i
the highest dose group. Relative food
consumption values were comparable
across all treated groups. Significant delz
in sexual maturation (the average of vagi
patency) were reported at 30 mg/kg/day
(36.6 days of age vs. 34.9 days of age in
controls). When the body weight was co

ved

lys
nal

varied with the time to sexual maturation
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the time to sexual maturation showed a
dose-related delay that was statistically
significant at g£0.05. No treatment-related
effects were reported at any dose level fq
any of the mating and fertility parameters

assessed. All natural delivery observations
were unaffected by treatment at any dos¢

level. No effect on terminal body weights
was reported. The absolute weight of the
pituitary, the pituitary weight-to-terminal
body weight ratio and the pituitary weight
to-brain ration was significantly decrease
from 3 mg/kg/day. No histopathologic
changes were reported in the pituitary. T
NOAEL developmental effects were 10
mg/kg/day and the NOAEL for F1 adult
effects was 10 mg/kg/day.

F2 generation: No treatment related adve
clinical signs were reported. Dead or
stillborn pups were noted in both the
control and treated groups. The deaths
occurred on lactation day 1-8 with the
majority occurring on days 1-6, however,
there was no dose-relationship. No effect
body weights or organ weights, as well a
AGD was reported. The NOAEL was set

=

D

o

rse

on

1’2

at

30 mg/kg/day.

Table 35b: Summary table of human data on adversdfects on development

Type of
data/report

Test
substance,
reference to
table 5

Relevant information about the study (as
applicable)

Observations

Reference
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Cross-
sectional
study to
determine if
specific
blood
perfluoroalk|
ylated
sushtances
levels are
associated
with
impaired
response
inhibition in
children.

Blood levels of 11 perfluoroalkylated
substances were measured in children (N
83).

Blood levels of perfluoroalkylated and

analyzed in relation to the differential
reinforcement of low rates of responding
(DRL) task. This task rewards delays
between responses (i.e., longer inter-respq
times; IRTs) and therefore constitutes a
measure of response inhibition.

Perfluorooctane sulfonate (PFOS),
perfluorohexane sulfate (PFHxS), PFOA, PFN
perfluorooctanesulfonamide (PFOSA), and
PFDA were found at detectable levels in most

Mean values in blood were 9.9, 3.23, 0.82, 0.1
6.06 and 0.75 ng/ml for PFOS, PFOA, PFNA,
PFDA, PFHxS and PFOSA respectively.

mtigher levels of blood PFOS, PFNA, PFDA,
PFHXxS, and PFOSA were associated with
significantly shorter IRTs during the DRL task

associated with a decrease from median IRT
5.51-1.62 sec for DRL time period 6-10 min a
8.9-3.01 for DRL time period 11-15 min. In
addition, 1 standard deviation increase in blogd
PFDA was associated with an increase from
median number of responses with 54.4+22.7
DRL time period 6-10 min and 33.7+17.2 for
DRL time period 11-15 min.

Gump BB, Wu Q, Dumas
AK, Kannan K.
Perfluorochemical (PFC)
exposure in children:

. 0 - .
polyfluoroalkylated substances (PFAS) Wer(e:hlldren (87.5% or greater had detectable leveB3sociations with

PBnpaired response
inhibition. Environ Sci
Technol. 2011 Oct
1;45(19):8151-9.

1

standard deviation increase in blood PFDA was

ith
nd

d

or

Table 35c: Summary table of other studies relevarfor developmental toxicity

Type of
study/data

Test
substance,
reference to
table 5

Relevant information about the study (as
applicable)

Observations

Reference
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The frog PFOA, Teratogenic indices in Xenopus embryos | All PFCs tested were found to be developmentiim M, Son J, Park MS,
embryo PFNA, were measured using the frog embryo toxicants and teratogens. JiY, Chae S, Jun C, Bae
teratogenesj PFDA, and |teratogenesis assay-Xenopus (FETAX). The observed toxicity increased with increasif JS, Kwon TK, Choo YS,
?(earslcs)gﬁ-s PFUNDA 20-25 embryos were used for each dose |length of the fluorinated carbon chain. PFDA ag‘ﬁsg';' I)Z(r); '3\] RLyeoeo J
(Sigma group. PFUNDA were more potent developmental ' o
(FETAX) | Aidrich: _ toxicants and teratogens compared to the otheHS- In vivo evaluation
purity not Doses in the range 10 uM to 2 mM were | PFECs that were evaluated. Developmental | and comparison of
stated) tested. toxicity and teratogenicity potencies for the | developmental toxicity

The expression of organ-specific biomarkelrs £\ ;oD A<PEDA<PENA<PEOA.

such as xPTB (liver), Nkx2.5 (heart), and
Cyl18 (intestine) was analysed in stage 34
46 embryos using real-time PCR.

Whole mount in situ hybridization was
performed in embryos in the tadpole stage
(stage 34-36).

PFAA-treated and un-treated embryos wer
randomly selected for histological evaluatid@nalysis of the heart, and dissection of the livg

Extraction and analysis of liver from 25
embryos from each group exposed to 130
PFAA (40 uM PFUNDA) for 10 days was
performed .

tested PFAAs were in the following order:

tgarious malformations (stunted tadpole length
multiple edemas, gut miscoiling, microcephaly
and skeletal kinking) in embryos exposed to
PFDA and PFUNDA were reported.

Severe defects resulting from PFDA and
PFUNDA exposure were observed in the liver
and heart, respectively, using whole mount in
&itu hybridization, real-time PCR, pathologic

LM

and teratogenicity of

using Xenopus embryos,
‘Chemosphere. 2013
Oct;93(6):1153-60.

=

perfluoroalkyl compounds
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10.8.5 Short summary and overall relevance of the provide information on adverse effects
on development

There is limited information on adverse effectsd@velopment of the offspring of PFDA. One prenatal
developmental toxicity test (no guideline, no GlUy)Harris and Birnbaum (1989) reported decreaséd ne
body weight change GD 6-18 at 6.4 mg/kg/day (0.4.8% increase) and 12.8 mg/kg/day (-2.4 g; 11%
weight loss compared to GD 6) compared to con#t® @; 22% increase). Three out of ten dams at 12.8
mg/kg/day died on GD 18 (mortality = 30%). Maternadrtality greater than 10 % is considered excessiv
and the data for the dose level 12.8 mg/kg/day thidrefore not be considered for further evaluatibn
developmental toxicity of PFDA.

Maternal relative liver weight (organ-to-body wetigtatio for the liver) significantly increased froinO
mg/kg/day (7.9, 10.3, 13.8, 15.2 g at 1.0, 3.0, &l 12.8 mg/kg bw/day respectively) comparedotrol
(6.7 g). Since there are no reported findings okask histopathological effects in the liver, ths@rvation

of the increased liver weight of treated dams camoovincingly be considered as evidence of materna
toxicity (Guidance on the application of the CLRaia (Version 4.0, November 2013).

Fetal body weight per litter was decreased in @ diependent manner from 1.0 mg/kg/day; -4.3%, 6%,
23% and -50% at 1.0, 3.0, 6.4, and 12.8 mg/kg/@mpeactively. Number of live foetuses per litter was
decreased at 6.4 mg/kg/day (5.8, not statisticatipificant compared to control) and 12.8 mg/kg/¢up,
p<0.05 compared to 7.2 in control) and resorptpeslitter increased to 19.1% (not statisticallyrsficant)

at 6.3 mg/kg/day and 41.7% (p>0.06) at 12.8 mgég/dompared to control 9.2%. Full litter resorption
were observed at 6.3 mg/kg/day (1/13) and 12.8 giddy (3/7) in combination with some maternal tayic
(reduced body weight and body weight gain at 6.3kgiday) and excessive maternal toxicity (30%
mortality and body weight loss at 12.8 mg/kg/day).

Very limited human data is available for PFDA. Tdné& one cross-sectional study that aims to detertifi
specific blood perfluoroalkylated substances lewle associated with impaired response inhibition i
children (Gump et al., 2011). The mean contentFR in blood samples from 83 children was 0.26 rig/m
(the concentrations for PFOS, PFOA and PFNA we®e 323 and 0.82 ng/ml, respectively). The blood
levels were analysed in relation to the differdmé@nforcement of low rates of responding (DRL3KaThis
task rewards delays between responses (i.e., langgrresponse times; IRTs) and therefore coriestia
measure of response inhibition. The tested PFAAre vassociated with impaired response inhibition in
children and IRTs for PFDA were in similar rangd@sthe other tested PFAAs.

Read-across from the source chemical to fill datapg on adverse effects on the development of the
offspring of PFDA and its ammonium and sodium salts

To generate information on the potential reprodwectioxicity of PFDA for the purpose of harmonized
classification an analogue chemical grouping apgra@as utilized. Read-across from data of APFO/PFOA
with support of data of PFNA was used for the pagpof hazard assessment and classification.

Justification
The developmental toxicity of PFDA and its ammoniamd sodium salts with no or very little data is

assumed to be predictable on the basis of structimdarities with PFOA and APFO. Both substanbhese
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a common functional group and only the carbon clemgth is differing. PFDA and PFOA are relatively
strong acids and are expected to dissociate to riagdective anionic forms at physiological pH. IBatids
(PFDA and PFOA) and their salts are expected tavadlable to cells in the form of their corresporgli
carboxylate anion (PFD and PFO, respectively) andleerefore considered as toxicologically relevahe
existing data on PFOA/APFO in the current analogperoach for chemical grouping thus permit an
assessment of the developmental toxicity of PFDdiensalts.

Source chemical data

Below, the outcome of the RAC assessment has betrded from the Opinion Document for APFO (RAC
Opinion  proposing harmonised classification and elay at Community level of
Ammoniumpentadecafluorooctanoate (APFO), ECHA 2@b2e 14):

“Human data

Available biomonitoring indicated that human seraomcentrations were lower than those reported fier t
mice at 5 mg/kg APFO (max. about b/ml in dams (White et al., 2007) compared to @8nl (max
arithmetic mean in workers, see Olsen studies) median concentrations of 0.002@/ml in maternal
samples of a pilot study (Midasch et al., 2007Pseé¥ce of effects are no proof that effects in alsiwere
not relevant for humans, since internal concentnagi were much lower and epidemiological studiesewer
not targeted on the effects of interest and offficdent size for effect detection.

Animal data

Critical for the proposal of Repr. 1B (according @LP criteria) and against a proposal of Repr. Z2ar
effects of developmental toxicity from animal stedihat were observed at doses at which no (or no
indications of marked) maternal toxicity has bebseayved.

Rat

Relevant effects indicating developmental toxigieye observed at doses without treatment relatéattsf

on body/organ weights in dams of the FO generationng lactation phase (mortalities and reduced
growth) and caused delayed sexual maturation latelin the rat offspring of a 2-generation study rfo
2002; Butenhoff et al., 2004). Effects on or viatddion have not been tested on in this species. No
treatment-related effects were seen in the F2-gdimer. Test substance administration to rats durihg

mid and late gestation period only (GD 6-15/18) dat cause adverse effects on rat offspring exaejotse-
related increase of rib variations in a study dgriGD 6-18. There were no developmental studies
addressing effects of APFO in rats where treatnséanted in the early gestational phase.

Mouse

Without any sign of marked maternal toxicity, expesduring the gestational phase was effectiveirerno
cause developmental deficits; no malformations wecl This was demonstrated by a number of studies;
most recent studies were not present at the TC @i&tussion in 2006.

Full litter resorptions

Most severe effects (whole litter loss in earlygmancy) were seen in the study of Wolf et al. (R0d¥en
treatment with 5 mg/kg APFO started early at GDZ®rdentages of dams with full-litter resorptions
significantly increased from 5 mg/kg onwards (268&6ang/kg to 100% at 40 mg/kg) (Lau et al., 2006).
Body weight gain started early (from GD5 onwardspée significantly lower in dams a20 mg/kg than in
controls and was interpreted to indicate that fittler resorption must have occurred in early pragoy. It
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could be assumed that liver effects in dams atdaryy time of gestation are less pronounced ttey tmay

be at the end of gestation (as indicated by liveight increase on GD18, no data on clinical patlyyi@nd
microscopy). While maternal toxicity (reduced badgight gain) might be discussed to be linked to
resorptions for the dams receiving 20 and 40 mgfkgeffect on body weight was seen for the 5 @&

full litter resorption) and 10 mg/kg (46% full Kt resorption versus 7% in controls). While thesalies
revealed (early) full litter resorptions, no sucfieet was seen up to 10 mg/kg PFOA in the develofaine
study of Yahia et al. (2010).

Other effects

Other developmental effects (reduced postnatal igair(>5 mg/kg), severely compromised postnatal
survival 620 mg/kg), delays in general growth3(mg/kg), and development (delay of eye operbg
mg/kg), as well as sex-specific alterations in ptadenaturation (separable prepuce indicating earlonset

of male puberty1l mg/kg) were reported in the study of Lau et2006). Liver weight increases were seen
in dams of all dose groups, but APFO treatment ¢l change the number of implantations. However,
weight gain of dams indicating marked maternal ¢dyiwas markedly reduced at 20 mg/kg bw/d or after
correction for gravid uterine weight and liver whigonly at 40 mg/kg bw/d (see RCOM doc). Signifigan
reduced postnatal survival could be discussed asrgtary effects at20 mg/kg bw/d. However dose-
dependent increases in liver weight from 1 mg/kgayds alone were not found to be plausibly linkethe
adverse effects on pup growth and developmentearstirdy of Lau et al. (2006). In utero exposuré to
mg/kg APFO alone was sufficient to reduce pup dnoavid developmental delay in the pups (Wolf et al.,
2007). Reduced postnatal survival in pups was a€&mmg/kg APFO if exposure in utero continued tigio

the lactation period. No detrimental effect on maa&d weight and number of live born pups was seen i
groups receiving 3 and 5 mg APFO. 23 days after tieatment (on PND 22) there was a dosedependent
absolute and relative increase in liver weight iants. Reduction of body weight of pups on PND 22 was
dose-dependent and more severe after continuedsesgpaeia milk. This effect may be related to reduce
milk production (some indication from the studyWhite et al. (2007) that showed inhibition of the
mammary gland differentiation before birth) or twedt effects of APFO on pups exposed via the omili.
While maternal weight gain was similar between gwf dams exposed to 5 mg/kg APFO and control
dams in the White study, mean body weights anchidingd (delayed) development of the mammary gland
was seen in pups at PND 10 and 20. This means A#ffedted the development of the mammary gland
during pregnancy and affected development of themmmary gland in pups. In a follow up study (2009)fwWo
demonstrated that delayed mammary gland developimeptips at 5 mg/kg APFO also occurred under
lactational-only dosing. Mean serum concentratiovere reported to be similar in mice exposed in wter
than in mice exposed via milk. Effects on mammbydydevelopment could also be induced in mice afte
peripubertal treatment (at 21-50 days of age), hasvdesting revealed some strain specifity (Yangl.et
2009). In these studies no marked maternal toxlwty been observed and developmental effects ootild
be interpreted to be secondary to the maternalcityxi The delay in mammary development has been
confirmed in the recently published mouse studyuips where the dams received doses of 0, 0.3add,
3.0 mg/kg bw/d APFO from GD 1-17 (Maron et al., POThis effect persisted until PND 84. Offspriivg
weights were significantly increased in all doseugrs (no data on dam effects). In a second studg wére
administered to 0, 0.01, 0.1, 1.0 mg/kg APFO bw/the late gestation phase only (GD 10-17). Stunted
mammary epithelial growth was seen at PND 21 inQiel mg/kg dose group, increased offspring liver
weight was seen in the 1.0 mg/kg bw/d dose gratipdting that the delay in mammary gland develogmen
is more sensitive than the liver effect in pupse RAC discussion focussed on the relevance ofveaght
changes for developmental effects. Doses of APF@uti any effect on body weight gain in dams (up to
mg/kg or even higher) should not be considered aked maternal toxicity which according to the CLP
guidance could justify no classification. Compatedthe 28 day study in mice (Christophe and Marisa,
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1977) where all mice at 300 ppm (15 mg/kg) diedmduthe study and single premature deaths were aeen
30 (1.5 mg/kg) and 100 ppm, mortalities of damthéenLau et al. study were not reported up to 40kiong/
Guidance to CLP considers developmental effects evthe presence of maternal toxicity to be evigeof
developmental toxicity unless it can be unequivgcdémonstrated that these effects are secondary to
maternal toxicity. In case a specific maternallydiaéed mechanism has been demonstrated, the gw@danc
says that category 2 may be considered more apjaipthan category 1. Developmental toxicity indlice
by repeated APFO administration were seen in a glek#ed manner, also at doses without indicatién o
marked maternal toxicity, appears not to be linkednaternal toxicity and no specific maternally na¢ed
mechanism was identified. Liver weight increas® alslow doses without any effect on body weigim ga
and one might assumed that liver toxicity (if liwgeight increase is interpreted as toxic effect}his
primary effect and developmental effects coulchberpreted as secondary to liver toxicity. Unfoitely no
other data are available from 2-generation and depmental studies on APFO to characterise liverghei
increase (by microscopy or clinical pathology) wigspect to its degenerative nature or as adapiveyme
activation. From a number of studies it was denratesdt that liver cell hypertrophy and related liveeight
increase is the most sensitive effect and cytdtgxiwas observed at higher doses. Hepatocellular
hypertrophy and increased mitosis (no quantificatavailable) were observed at all doses (no details
dose-dependency of incidences and severity); soaleecrosis and mild calcification were only sed 10
mg/kg PFOA (Yahia et al., 2010). Correspondingotffeat 10 mg/kg were significantly increased liver
transaminases (ALT, AST) and enzyme activitiesatidg membrane leakage (LDH, ALP). No microscopic
degenerative abnormalities were reported for thendaliver at 5 mg/kg, where fetal body weight and
postnatal survival was already reduced. Assumetiahaimilar doses of APFO no marked liver celliegy
had occurred, this indicates that developmentalicitk is not a consequence of liver toxicity. The
observation of increased cell proliferation at deseithout overt liver toxicity in mice (Yahia et aD10) is
consistent to the observation of Elcombe et al1l(Q2®f increased cell proliferation of liver celié a non-
cytotoxic dose in rats. This is considered to rftbe mitogenic nature of effect rather than aemgrative
proliferation response at non-cytotoxic doses.

RAC recognises that there are signs of marked maleoxicity at high doses. However liver weight
increase alone could not be plausibly linked toali@gmental effects in pups. Dose dependent incsease
liver weight were seen in dams (and pups) mostylike a direct effect of APFO caused by liver cell
hypertrophy with major contribution of PPARelated peroxisome proliferation. Newer study dipa
demonstrated that liver toxicity (single cell takiy started at higher doses than hypertrophic mwsge.
Therefore the observed developmental effects weite cansidered to be a secondary non-specific
consequence of the maternal (liver) toxicity. Stadn mice allow conclusion that gestational adstnaition

of APFO was sufficient to impair neonatal growthdashevelopment and that developmental toxicity was
linked to the gestational phase of exposure. Meshiarstudies using PPAR knock-out mice demonstrate
that some effects (complete litter loss and liveight increase in dams and pups) seem to be indiepéof
PPARx expression (Abbott et al., 2007). Others sucmareased postnatal pup mortality, reduction in pup
body weight and postnatal growth and developmentelagggd eye opening) indicated
interference/contribution of PPARexpression most likely as a direct effect of AR@ich is not mediated
via liver cell response to PPAIR The observation that liver weight increases sirailar in wild type dams
and in PPAR-knock out dams and their respective offspring tjoesd the importance of PPAR
expression for the liver effects. PPARIated effects may contribute, but other modesctibn must also be
active. In addition the relevance of PPABxpression for humans is well established forlithex, however
much less is known for the relevance of PeAdtated effets in other organs and effects indfispring and
juvenile.”
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Supporting data — PFNA

Below, the outcome of the RAC assessment has be&rded from the RAC Opinion proposing harmonised
classification and labelling at Community levelRFNA and its ammonium and sodium salts, ECHA, 2014
(page 15):

“In Annex VI to the CLP Regulation, APFO and PFQ#sed as reference substances in read-across
approach for PNFA, PFN-S and PFN-A, have beerstias as Repr. 1B, H360D.

There are two developmental toxicity studies foNRKLau et al.2009, Wolf et al. 2010)

In a study by Lau et al. (2009), CD-1 mice wereedosrally GD 1-17 with PFNA at 0, 1, 3 or 5 mg/kay/d
(10 mg/kg/day was also used but this dose levelnoisontinued due to severe maternal toxicityudirig
mortality (no further details provided)). One cohof animals was necropsied on GD 17 and utering da
was evaluated whereas pup survival, growth and Idpweent of the offspring were examined in another
cohort of animals. PFNA did not affect maternal girigains (GD 1-17), number of implantations, fetal
viability, fetal weight or number of viable fetusg¢sc-section at dose levels up to and includimgddkg/day.
However decreased pup viability was already obgkatdhe first examination after birth in the 5 ikgjday
dose group. Over the course of the first 12 dagrdfirth there was a continuous loss of pups, anBND

12, ~80 % of the pups had died. In written comnatioa with Dr. Lau, the dossier submitter were Hient
informed that one group of CD-1 mice had been athtd@red 10 mg/kg bw PFNA (this dose produced
maternal toxicity including mortality) but that “ewy dam lost the entire pregnancy (full litter regson).

So, like APFO, PFNA at a high enough dose will edud litter resorption.”

In the study of Wolf et al. (2010), pregnant 12$8IhJ wild-type (WT) and PPARnockout (KO) mice
were given PFNA by oral gavage once daily on GD&at 0, 0.83, 1.1, 1.5 and 2 mg/kg/day. Maternal
weight gain, implantation, litter size, and pup @i at birth were unaffected in both strains. PFNA
exposure reduced the number of live pups at birtth survival of offspring to weaning in the 1.1 &hd
mg/kg groups in WT mice. Eye opening was delayedr{irdelay 2.1 days) and pup weight at weaning was
reduced in WT mice pups at 2 mg/kg. These develaphmendpoints were not affected in the KO mice.
Relative liver weight was increased in a dose-ddpahmanner in dams and pups of the WT mice satain
all dose levels, but only slightly increased in thighest dose group in the KO mice strain. In sunymna
PFNA altered liver weight of dams and pups, pupvisat, body weight, and development in the WT mice
pups, while only inducing a slight increase in tala liver weight of dams and pups at 2 mg/kg in{i0e.
These results suggest that PRAR an essential mediator of PENA-induced develapatgoxicity in the
mouse.

The available information indicates that exposwd®FNA during gestation reduces pup viability, fngaly
weight gain, delays puberty as well as the onsedyef opening, increases both dam and pup liverhteig
(absolute and relative liver weight) and causeslitier resorptions at higher doses. These effectsvery
similar to the effects reported for APFO/PFOA.

It is noted that one of the mechanisms implicatethe toxicity of the PFNA is the activation of FRA
(Wolf et al., 2010). PPARIis a nuclear receptor that plays a role in regingt lipid and glucose
homeostasis, cell proliferation and differentiatioand inflammation. However, the role of PRAk
mediating developmental toxicity effects in hunzarsot be excluded.

Taking into account that exposure to PFNA in migand) gestation reduces pup viability, pup bodyghei
gain, delays puberty as well as onset of eye ogeimicreases both dam and pup absolute and reléitree

weight, and induces full litter resorptions/losstagh doses as well as that the developmental itgpxad

PFNA in mice are qualitatively and quantitativeiyngar to developmental toxicity of PFOA (reducegpp
viability, full litter resorption and delay in thenset of eye opening)
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RAC is of the opinion that PFNA and its ammonium drsodium salts should be classified as Repr. 1B,
H360D”

Supporting data — PFUnNDA and PFDoDA

Perfluoroalkylated carboxylic acids (PFCAs) withrlman chain length 11 and 12 were studied in
reproduction/developmental toxicity screening te€CD TG 422; dosing beginning 14 days before
mating and ending day 4 of lactation) in rats (Tedshi et al., 2014; Kato el al., 2014). Based odifigs in

a l4-day dose range-finding study where 9/10 asir(rables and females) died after administratioal (or
gavage) of PFUNDA at 20 mg/kg/day doses at 0.1,&h8 1.0 mg/kg/day were selected for further stidi
PFUNDA statistically significantly reduced.01) rat pups body weights at birth (13.4% in naies and
12.5% in female pups,<p.01) at 1 mg/kg, and body weight gain was stiflueed to the same extent at 4
days after birth (19.1% in male pups and 16% indlenpups, §0.01) in absence of statistical significant
effects on maternal body weight (Takahashi et dl420No other significant changes in reproductive o
developmental parameters were reported.

The same research group also studied PFDoDA im#asimanner (Kato et al 2014). No reproductive or
developmental parameters were changed at 0.1 om@/kg/day. No effect on rat pup body weights was
noted (only in one litter in high dose; body weighthese pups were not taken into account). Defiiredex

at 0.5 mg/kg/day was slightly but not statisticadignificantly decreased: 89.7% compared to 94.8% i
control. Body weight in the dams was significardhcreased at 2.5 mg/kg/day through the gestatinadpe
(approx. 30% less than control, p<0.01 at GD 20-Z1df 12 female rats receiving 2.5 mg/kg/day died
during late pregnancy while four other femaleshis group did not deliver live pups (Kato et al 2R1

Conclusion on read-across data

In summary, reduced pup viability and pup body \eigain and increased dam and pup liver weights
(absolute and relative liver weights) were obsemvedodents treated with APFO/PFOA during gestation

PFCAs ranging from C8 to C12, including PFDA, haffects that are reported to resemble those reporte
for APFO/PFOA.

No studies on post-natal effects of PFDA are abgland it is therefore not possible to make a @oiapn
between PFDA and PFOA/APFO for these effects. 8audith APFO/PFOA demonstrated delayed onset of
eye opening and puberty (Lau et al., 2006; Abbbthle 2007). Moreover, White et al., 2007 and 2009
Macon et al.,, 2011 reported that effects of APFOnmimmary gland development in the mouse pups
appeared to be the most sensitive endpoint forldpwreental toxicity with a NOAEL below 0.01 mg/kgrfo
the dosing period GD1-17 or GD 10-17.

The observed developmental effects in studies RE®A/APFO are not associated with adverse maternal
toxicity: no statistical significant effect on bodyeight gain during gestation or on maternal weight
necropsy at any dose level (Wolf et al., 2007; leauwal., 2006). However, there was a dose dependent
statistical significant increase in the relatiweeli weight of both dams and pups in these stutfiadf(et al.,
2007 and Lau et al., 2006). Statistical significaffects of developmental toxicity (decreased numidfe
viable fetus per litter, increased resorptiond, Iftier resorptions and decreased fetal body wigighPFDA
were associated with excessive maternal toxicitye Ppre-natal developmental study of PFDA in mice by
Harris and Birnbaum (1989) revealed a decreasestirbody weight change during gestation, signifigant
increased maternal relative liver weight (orgarealy weight ratio for the liver) and at high dodsoa
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mortality. Nevertheless, the data from the preindéaelopmental toxicity study gives an indicatiointhe
similarity of the adverse effects of PFDA with thadescribed for the source chemical. Thus, basedauit
across from the structurally similar PFOA/APFO,mstupport from shorter and longer PFCAs, and data o
the substance itself there are strong reasonsstomasthat developmental toxicity is an intrinsiogarty
PFDA.

10.8.6 Comparison with the CLP criteria

Based on read-across from the source chemical AFFQA, with supporting mechanistic data of the C9
polyfluoroalkylated carboxylic acid PFNA and on tiaeget chemical PFDA, the information is suffidiém
fulfil the criteria for classification in reproduee toxicity — adverse effects on development ef afffspring.

RACs rationale for classification of APFO in RefB (H360D) included from the Opinion Document for
APFO (RAC Opinion proposing harmonised classifmatiand labelling at Community level of
Ammoniumpentadecafluorooctanoate (APFO), ECHA 2012)

“Human data do not sufficiently give evidence toaade on whether Repr. 1A is appropriate. Repr. 2
would be appropriate if there is some, but lessvawing evidence on adverse development effecexalDv
there is no convincing evidence that developmesifakcts in pups are exclusively secondary to matern
(liver) toxicity. For APFO there is clear evidenoa developmental effects from perinatal studiemice.
Mechanistic considerations allow contribution ofhes effects to a PPARelated mode of action. However
other modes appear to be active and developmeffedte could not be attributed to liver toxicity as
secondary mechanism. Also the role of PBA&ated mode of action is not fully elucidated fine
developmental effects. A contribution to some &fiscassumed based on their lack of expressidmadck-
out mice.

Therefore RAC decided to follow the proposal of thwssier submitter that evidence is sufficiently
convincing to classify for developmental effectdkapr.1B (H360D) according to the CLP criteria aasl
Repr. Cat. 2; R61 according to DSD.”

Rationale for classification of PFDA and its ammoniand sodium salt in Repr. 1B (H360D): In a weight
evidence approach, based on read-across-data froanaogue approach of chemical grouping of the
structurally similar PFOA/APFO (source chemicalthwsupport from existing data on the target chekmica
itself it is concluded that developmental toxiagyan intrinsic and hazardous property of PFDA riestéed
mainly as reduced pup weight, reduced number abét, and full litter resorptions/loss. The sinitijain
structure and effects between the target chemiE&APand the source chemical PFOA/APFO is further
substantiated with data from closely related parflated carboxyl acids that also support that éffisct is

an intrinsic property of PFDA.

The available data provide clear evidence of areemtveffect on the development of the offspring aired
not considered to be secondary to other materna &ffects. Moreover, there is no conclusive mecsta
evidence to indicate that the observed effecteproduction and development are not relevant fardm

A classification Repr. 1B — H360D is therefore vaated. It is proposed not to specify route of expesn
the hazard statement.

Classification in Repr 1A is not appropriate ashibuld be based on human data and no human daiéicspe
of PFDA or its salts is available. Moreover, hundata on reproductive and developmental toxicity of
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PFOA/APFO included in the category is not suffitiemd thus read-across for data gap filling is not
applicable.

Classification in Repr 2 is not appropriate as risad-across is considered robust and appropriatéhéo
endpoint and applicable for PFDA, and all the éxgstexperimental data on adverse effects on the
development of the offspring available for the seuchemical are considered reliable based on egisti
classification and the level of evidence is congdeas clear evidence and not as some evidence.

Adverse effects on or via lactation

There is limited data on adverse effects on olaggation of PFDA and its ammonium and sodium s#its
this dossier read-across from the structural angd@FOA/APFO have been utilized where data on PFDA
and its ammonium and sodium salts on itself arsimgsand for the purpose of harmonised classiboati

Table 36a: Summary table of animal studies on eféés on or via lactation

Method Deviation(s) from | Species Test Dose levels Results
Guideline [the guideline (if | Strain substance, |duration of
any) Sex reference to | exposure

no/group |table 5

Table 36b: Summary table of human data on effectsroor via lactation

Type of Test Relevant information about the study (as Observations Reference
data/report | substance, |applicable)
reference to
table 5

Table 36¢c: Summary table of other studies relevarfor effects on or via lactation

Type of Test Relevant information about Observations Reference
study/data | substance, [the study (as applicable)
reference to
table 5

92



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

PFCA
levels in
human
breast milk
samples
from Japan,
Korea, and
China were
analysed to
evaluate theg
geographica
I
differences.

Not

|

applicable.

In a limited study (small, non-
randomly selected volunteer
samples) 90 human breast m
samples from Japan, Korea a
China (30 samples each) that
were stored in the Human
Specimen Bank of Kyoto
University were analyzed for
its content of PFCAs. The
extracts were analyzed by ga
chromatography—mass
spectrometry.

Mean concentrations in
human breast milk of PFDA
Ilkanged from <15-21.3 pg/ml
ndevels of PFOA, PFNA,
PFUNDA and PFDoDA werg
51.6-93.5 pg/ml, 14.7-32.1
pg/ml, 16-36.6 pg/ml, and
<10 pg/ml, respectively.

o

Fujii Y, Yan J, Haradd
KH, Hitomi T, Yang
H, Wang P, Koizumi
A. Levels and profiles
of long-chain
perfluorinated
carboxylic acids in
human breast milk an
infant formulas in Eag
Asia. Chemosphere.
2012 Jan;86(3):315-
21.

— O

Analysis of
the content
of nine
PFCAs in
human
breast milk
samples
from

Massachuseg

tts, U.S.A

Not

applicable.

Nine PFCs were measured in

collected in 2004 from
Massachusetts, U.S.A. Samp
extracts were analysed with
high-performance liquid
chromatography coupled with
an electrospray triple-

quadrupole mass spectrometer.

out of 45 samples of breast
enilk in the concentration
range <7.72-11.1 pg/ml

PFDA was detected above thEao L, Kannan K,
45 human breast milk sampleglimit of quantification in 4

Wong CM, Arcaro
KF, Butenhoff JL.
Perfluorinated

compounds in human
milk from

Environ Sci Technol.
2008 Apr
15;42(8):3096-101.

Massachusetts, U.S.A.
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Analysis of
human
breast milk,
milk infant
formulas
and cereals
baby food
to
determine
the content
of six PFCs
with an
analytical
method
based on
alkaline
digestion
and solid
phase
extraction
(SPE)
followed by
liquid
chromatogr
aphy-
guadrupole-
linear ion
trap mass
spectrometr
y (LC-
QqLIT-MS)

Not
applicable.

The method was applied to
investigate the occurrence of

PFOS and perfluoro-7-
methyloctanoic acid (i,p-

PFCs in 20 samples of humanPFNA) were predominant

breast milk, and 5 samples of
infant formulas and cereal ba
food (3 brands of commercial
milk infant formulas and 2
brands of cereals baby food).
Breast milk samples were
collected in 2008 from donors
living in Barcelona city (Spain
on the 40 days postpartum.

being present in the 95% of
bipreast milk samples. PFOA
was quantified in 8 of the 20
breast milk samples at
concentrations in the range
21-907 ng/L. However, in
most breast milk samples
PFDA was below the limit of
quantification

Llorca M, Farré M,
Pico Y, Teijéon ML,
Alvarez JG, Barcel6
D. Infant exposure of
perfluorinated
compounds: levels in
breast milk and
pfommercial baby
food. Environ Int.
2010 Aug;36(6):584-
92.
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10.8.7 Short summary and overall relevance of the provide information on effects on or via
lactation

There are no studies available that demonstratePlRBA and its ammonium and sodium salts interferes
with lactation or cause adverse effects to offgpria lactation. However, there are studies indticathe
presence of PFDA in blood samples from pregnantevoand in breast milk.

In a limited study (small, non-randomly selectedunteer samples) 90 human breast milk samples from
Japan, Korea and China were analyzed for its coofeRFCAs. Mean concentrations in human breas mil
of PFDA ranged from <15-21.3 pg/ml. Levels of PFAZENA, PFUNDA and PFDoDA were 51.6-93.5
pg/ml, 14.7-32.1 pg/ml, 16-36.6 pg/ml, and <10 fdg/raspectively (Fujii et al., 2012). PFDA was also
detected in 4 out of 45 samples of breast milk fileomen in Massachutes, USA in the concentratiogean
<7.72-11.1 pg/ml (Tao et al 2008). However, in Mosast milk samples of women living in Barceloitg ¢

in Spain PFDA was below the limit of quantificatifiriorca et al., 2010).

Read-across from the source chemical to fill datapg on adverse effects of PFDA and its
ammonium and sodium salts on or via lactation

To generate information on the potential adverfecef of PFDA and its ammonium and sodium saltsron
via lactation for the purpose of harmonized classifon an analogue chemical grouping approach was
utilized. Read-across from data of APFO/PFOA wasdufor the purpose of hazard assessment and
classification.

Justification

The adverse effects of PFDA and its ammonium addugo salts on or via lactation and its ammonium and
sodium salts is assumed to be predictable on this b&structural similarities with PFOA and APH8bth
substances have a common functional group andtbalgarbon chain length is differing. PFDA and PFOA
are relatively strong acids and are expected todiate to their respective anionic forms physimalgpH.
Both acids (PFDA and PFOA) and their salts are ebgueto be available to cells in the form of their
corresponding carboxylate anion (PFD and PFO, otispdy) and are therefore considered toxicologdycal
equivalent.. The existing data on PFOA/APFO in¢heent analogue approach for chemical grouping thu
permit an assessment of the adverse effects of RifldAts salts on or via lactation.

Source chemical data

Data on adverse effects on or via lactation havenbgresented above in the assessment by RAC of
developmental toxicity of PFOA. Studies by Wolfatt, 2007, White et al., 2007 and 2009, Macon ¢t al
2011, and Yang et al., 2009 demonstrate that PF»Airduce effects on or via lactation. Wolf et 2007
reported that effects on mouse pup survival fronthkio weaning were only affected in litters thatres
exposed to PFOA both in utero and via lactationutero exposure, in the absence of lactational sx@o
was sufficient to produce postnatal body weighiaitsfand developmental delay in the pups. Exposiire
PFOA during late fetal and early neonatal life incenwas reported by White et al (2007) to delay
development of the mammary gland which was evidepps at PND 10 and 20. The same group further
corroborated these findings in mouse by showingttiet delayed mammary gland development in pugis al
occurred under lactational only dosing (White et 2009) and that the delay in mammary developrigent

95



CLH REPORT FOR PFDA AND ITS AMMONIUM AND SODIUM SALS

persistent (up to PND 84) and the most sensitivepmint for developmental toxicity of PFOA (Macoh e
al., 2011).

Furthermore, PFOA have been shown to be readilysteared to infants through breast-feeding and the
PFOA exposure for these infants is considerabhhdrighan for adults (Fromme et al.,, 2009 and 2010;
Karrman et al., 2007; Tao et al., 2008; Vdlkel ket 2008; Haug et al., 2011; cited in RAC OpiniohHC
PFOA, ECHA 2012; and Annex XV dossier for PFOA, ECED13).

Supporting data — PFNA

Below, the outcome of the RAC assessment has bekrded from the RAC Opinion proposing harmonised
classification and labelling at Community levelRFNA and its ammonium and sodium salts, ECHA, 2014
(page 16):

“In the study of Wolf et al. (2010), PFNA was dételcin serum of all animals. Based on a subsetaisd
exposed to PNFA by gavage on GD 1-18, PFNA serwgiden pups at weaning were comparable to that
of their mothers in WT mice strain while the seoncentration in KO mice were higher in pups conagar

to their mothers. PFNA levels were also higher ipg compared to the dams, based on a subset of dams
matched to their existing pups at weaning (KO mizes 0.0001; WT mice, P< 0.005). In all dams with
nursing pups, levels of PFNA were lower in KO ndoenpared to WT mice, while in pups levels of PFNA
were higher in KO mice compared to WT mice. Thega thdicate a substantial transfer of PNFA with
mother’s milk, related with adverse effect on pspwival and development in the WT mice strain,nmatin

the KO strain.

Similar findings were observed in a cross-fosterdgtwith APFO (Wolf et al., 2007) showing that pup
survival from birth to weaning was only affectethié pups that had been exposed in utero and eiatian,
whereas exposure of the dams to APFO during gestatias sufficient to produce postnatal body weight
deficits and developmental delay in the pups.

APFO affects the development of the mammary glefdte et al. (2007 and 2009) performed parallel
experiments where groups of CD-1 mice were dost#dQyi3 and 5 mg/kg APFO during GD 1-17, 8-17, or
12-17 and then the pups were cross-fostered. Téygrted that the window of mammary gland sensgitivit
was due to exposure during late fetal and earlynag¢al life and that the effects on the mammary d@lan
included altered lactational development of matémrmammary glands and halted female pup mammary
epithelial proliferation (the latter effect was gestent). A later study from the same lab (Macoal €22011)
indicated that the effects on mammary gland devedop in the pups are the most sensitive endpoint fo
developmental toxicity with a NOAEL below 0.01 mddk the dosing period GD 1-17 or GD 10-17.

PFNA has been detected in serum, cord blood andahumneast milk (Chen et al., 2012, Karrman et al.,
2007, Tao et al., 2008, Liu et al., 2011 and Sakest al., 2012).

The results of animals studies (Wolf et al., 200@jf et al., 2007; White et al., 2007 and 2009, Maton

et al., 2011) thus provide clear evidence of advesHect of PFNA or its structural analogs PFOA and
APFO in the offspring due to transfer in the mitkadverse effect on the quality of the mikerefore RAC

is of the opinion that PFNA and its ammonium and diom salts should be classified as Lact., H362.

Conclusion on the read-across
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In summary, several studies provide evidence okes#yeffects on or vi lactation in rodents treatstth
PFOA. Moreover, adverse effect on pups survival dedelopment was associated with serum levels of
PFNA in pups that were in the same range as theihens that had been exposed during gestation. BFCA
ranging from C8 to C12, including PFOA, PFNA andDFhave been detected in breast milk, and the
exposure of PFOA to infants via breast feeding Hseen clearly demonstrated.

10.8.8 Comparison with the CLP criteria
According to CLP Annex | classification of substasdor effects on or via lactation can be assignethe:
(a) human evidence indicating a hazard to babiginduhe lactation period; and/or

(b) results of one or two generation studies imaads which provide clear evidence of adverse effetite
offspring due to transfer in the milk or adversieef on the quality of the milk; and/or

(c) absorption, metabolism, distribution and eximetstudies that indicate the likelihood that thivstance
is present in potentially toxic levels in breastkmi

Based on read-across from the source chemical APFQA, with supporting data of the target chemical
PFDA, the information is sufficient to fulfil theriteria for classification in reproductive toxicity adverse
effects on or via lactation. PFDA has been foundietectable levels in the blood of mothers andrthei
children, and in breast milk. Data on source chahiBPFO/PFOA) indicate that there is a likelihatbet
the substance is present in potentially toxic lewelbreast milk that may cause concern for thétlined a
breastfed child. Thus, PFDA and its ammonium amliso salts should be classified as Lact. H362.

Below, the outcome of the RAC assessment has betrded from the Opinion Document for APFO (RAC
Opinion  proposing harmonised classification and elay at Community level of
Ammoniumpentadecafluorooctanoate (APFO), ECHA 2012)

“PFOA has also been found to be transferred to mtdathrough breast-feeding. Although the criterant
human evidence and/or from results from two gemnamastudies in animals do not provide effects ia th
offspring due to transfer in the mild or adverskeefs on the quality of the milk, there is suffitievidence
from mouse studies with postnatal administratiorABFO that indicated adverse effects (delayed/stunt
mammary gland development in the offspring) whiabise concern for the health of a breastfed child.
Classification for effects on or via lactation isdependent of whether or not a substance is aBssified
for reproductive toxicity.

In addition RAC agreed on an additional classifioaton lactation effects (H362: May cause harm to
breast-fed children and R64 May cause harm to lifed$abies).”

10.8.9 Conclusion on classification and labelling for reppductive toxicity

PFDA and its ammonium and sodium salts should hssifled according to the CLP criteria for adverse
effects on sexual function and fertility as Rep(H361f).

PFDA and its ammonium and sodium salts should assifled according to the CLP criteria for adverse
effects on development as Repr. 1B (H360D).

PFDA and its ammonium and sodium salts should lawvedditional classification for effects on or via
lactation (H362).
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10.9 Specific target organ toxicity-single exposure

Hazard class not evaluated.

10.10 Specific target organ toxicity-repeated exposure

Hazard class not evaluated.

10.11Aspiration hazard

Hazard class not evaluated.

11.EVALUATION OF ENVIRONMENTAL HAZARDS

The environmental hazards of PFDA and its ammoraachsodium salts have not been evaluated.

12.EVALUATION OF ADDITIONAL HAZARDS

Additional hazards of PFDA and its ammonium andwodsalts have not been evaluated.

13. ADDITIONAL LABELLING

Not applicable.
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14.DETAILED STUDY SUMMARIES

14.1 PHYSICAL HAZARDS

N/A

14.2 TOXICOKINETICS

Study 1

Study reference:

Ohmori K, Kudo N, Katayama K, Kawashima Y. Compani®f the toxicokinetics between
perfluorocarboxylic acids with different carbon ohkength. Toxicology. 2003 Mar
3;184(2-3):135-40.

Detailed study summary and results:

Study typeThe study aimed at estimating the total clearaplesma half-life and renal
clearance of perfluoroalkylated carboxyl acids hgudifferent chain length and between
sexes in rats.

Test material identityPFDA (Sigma Aldrich). Purity of test substance umkn.
Test subjectdvlale and female Wistar rats, number of animalsknotvn.

Route of administration, exposuEDA, PFOA,; Perfluoroheptanoic acid (PFHA),
perfluorohexanoic acid (PFHexA), or PENA was adstared i.v. at a dose of 48.64
mmol/(2.5 ml/kg body weight) for plasma concentratprofile determination and at 48.64
pmol/kg body weight for estimation of clearancer@LR). Clearance periods were 360
min.

Resultsinitial plasma concentration of PFDA was signifitgmower than those of PFHA,
PFOA and PFENA. At 10 min after an intravenous itifet plasma concentrations of PFHA,
PFOA, PENA and PFDA were 289.59+26.9, 334.79+3805,59/15.1 and 214.29+14 .4,
respectively, in male rats.

Plasma concentration profiles up to 60 days affjection show that PFDA slowly
decreased from plasma in both male and femaleanSealf-life of PFDA was 339.92 and
58.57 days in males and females respectively.

Volume of distribution of PFDA was 347.7 and 44tnllkg for male and female rats
respectively.

Total clearance of PFDA was 5.2 and 5.3 ml/daykmales and females respectively, but
the clearance rate was similar for males and fesnale
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Clearance rate (ml/day/kg) of the investigated P§@a&re PFHA>PFOAPFNA~-PFDA in
male rats and PFHARFOA>PFNA>PFDA in female rats.

The relationship between clearance rate and ttatatance was significanf=0.981,
(p<0.01).

Study 2
Study reference:

Kudo N, Suzuki E, Katakura M, Ohmori K, Noshirokgwashima Y. Comparison of the
elimination between perfluorinated fatty acids wdifferent carbon chain length in rats.
Chem Biol Interact. 2001 Apr 16;134(2):203-16.

Detailed study summary and results:

Study typeThe study aimed at clarifying elimination route aatk of various
perfluoroalkylated carboxylic acids in male and &erats.

Test material identityPFDA (Aldrich Japan). Purity of test substance wvin. Dissolved
in propylene glycol:water (1:1, v/v)

Test subjectdvlale and female Wistar rats, number of animalsknotvn.

Route of administration, exposuieEDA, PFHA, PFOA or PFNA were i.p. administered at
a dose of 20 mg/ml/kg body weight. Urine and fegese collected every 12 h up to 5 days.

For the collection of bile rats were injected ava dose of 25 mg/kg body weight. Bile
samples were collected every 30 min up to 5 h #fieinjection.

To compare rate of urinary a excretion rate ofRRE€As rats were i.v. injected at a dose of
25 mg/kg body weight and urine samples collectashye¥0 minutes.

Results:

Urinary and fecal elimination: In male rats 0.2%lué dose of PFDA and 2% of PFNA was
eliminated in urine within 120 h after the admirasibn: In contrast PFHA and PFOA were
eliminated to 92% and 55% of the dose. A similadency was observed in female rats as
in males for PFDA, but for PFOA and PFNA the urjnalimination was significantly faster
than in males. Fecal elimination was a major raditelimination of PFDA in both male and
female rats, approx. >4% of the dose was eliminayetlO0 hours. PFOA and PFHA were
slowly eliminated in feces in contrast to urinaliynénation (approx. 22.5% of the dose).

Concentrations of PFCAs in serum and liver: Corregioin of PFDA in blood and liver in
female rats 5 days after injection were signifibahtgher (estimated from the graphical
presentation to be approx. 50 pg/ml serum and 4@ liver respectively), at least 10-fold
higher compared to PFHA, PFOA and PFNA. In maleacentrations of both PFDA and
PFNA were significantly higher (p<0.05, comparedhe other tested PFCAS) in liver and
in blood respectively. Concentrations of PFOA aRflR were significantly lower (p<0.05)
in female rats in both liver and serum comparechade rats.
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Study 3
Study reference:

Vanden Heuvel JP, Kuslikis Bl, Van Rafelghem MXeP#n RE. Disposition of
perfluorodecanoic acid in male and female ratsida»Appl Pharmacol. 1991 Mar
1;107(3):450-9.

Detailed study summary and results:

Study typeThe study aimed at examining the elimination, &sdistribution, and
metabolism of [1#C]PFDA in male and female rats for 28 days aftsingle i.p. dose.

Test material identityf1-1“C]PFDA (99% pure) was synthesized and purifiedHgystudy
authors as described in Reich et al., 1987.

Test subjectdvlale and female Sprague-Dawley rats.
Route of administration, exposure:

Elimination and tissue distribution f[#€]PFDA was administered to male and female rats
as a single dose of 9.4 umol/kg (5 mg/kg) i.p. Samwere collected daily for 28
consecutive days. At designated times post-tredt(2dm 1,2 ,3 ,4, 7, 14, 28 days for males,
and 2 h, 1, 4, 7, 28 days for females) four rateeveaithanized and tissues and blood were
collected for determination of tissue distributeomd elimination of PFDA.

Biliary excretion of PEDA [1¥'C]PFDA was administered to male and female rats as
single dose of 9.4 umol/kg (5 mg/kg) i.p. Startolfiection of bile samples were 2 hours
later and then collected at 1 hour intervals fbioérs.

Fluoride determinations in urine and plasma Male famale rats were dosed with 97
pmol/kg, i.p. PFDA. Daily urine samples were calket1 day prior to dosing and for four
days thereafter. Blood was collected prior to dgsind at 1 and 4 days postdosing.

Results:Fecal elimination with 51% and 24% of the administi2“C was recovered in the
feces of males and females respectively by 28 dagstreatment.

The cumulative excretion of PFDA-deriv&€ in urine was less than 5% of the
administered dose in both sexes by 28 days paattent.

Half-life of PFDA of whole body elimination in madavas 23 days and in females 45 days.
Tissue elimination half-life of the liver was 35ydan males and 45 days in females; plasma
was 22 days in males and 27 days in females; kidneyg 24 days in males and 31 days in
females; blood was 22 days in males and 29 dafgsnales.

The liver contained the highest concentration dDRFlerived'“C in both males and
females at all time points up to 28 days, follovegdhe plasma and kidneys.
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14.3 HEALTH HAZARDS
14.3.1 Acute oral toxicity - animal data
14.3.2 Acute oral toxicity - human data
14.3.3 Acute oral toxicity - other data
14.3.4 Acute dermal toxicity - animal data
14.3.5 Acute dermal toxicity - human data
14.3.6 Acute dermal toxicity - other data
14.3.7 Acute inhalation toxicity - animal data
14.3.8 Acute inhalation toxicity - human data
14.3.9 Acute inhalation toxicity - other data
14.3.10 Skin corrosion/irritation - animal data
14.3.11 Skin corrosion/irritation toxicity - human data
14.3.12 Skin corrosion/irritation - other data
14.3.13 Eye damage/eye irritation - animal data
14.3.14 Eye damage/eye irritation - human data
14.3.15 Eye damage/eye irritation - other data
14.3.16 Respiratory sensitisation - animal data
14.3.17 Respiratory sensitisation - human data
14.3.18 Respiratory sensitisation - other data
14.3.19 Skin sensitisation - animal data
14.3.20 Skin sensitisation - human data

14.3.21 Skin sensitisation - other data
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14.3.22 Germ cell mutagenicity - animal data

14.3.23 Germ cell mutagenicity - human data

14.3.24 Germ cell mutagenicity i vitro data

14.3.25 Germ cell mutagenicity - other data (e.gtuglies on mechanism of action)

14.3.26 Carcinogenicity - animal data

Not applicable.

14.3.27 Carcinogenicity - human data

Not applicable.

14.3.28 Carcinogenicity 1n vitro data (e.g. in vitro germ cell and somatic cell matgenicity
studies, cell transformation assays, gap junctiomtercellular communication tests)

Not applicable.

14.3.29 Carcinogenicity - other data (e.g. studies mechanism of action)
Study 1

Study reference:

Borges T, Peterson RE, Pitot HC, Robertson LW, &ifiadP. Effect of the peroxisome proliferator
perfluorodecanoic acid on the promotion of two-sthgpatocarcinogenesis in rats. Cancer Lett.
1993 Aug 16;72(1-2):111-20.

Detailed study summary and results:

Test type

No guideline study. The study was conducted tordete if PFDA, which is a known peroxisome
proliferator, has promoting activity in two-stagepatocarcinogenesis in rats. 2 weeks after
acclimatization, rats were subjected to 70% palnéglatectomies. Twenty-four hours later the rats
were given an initiating dose of 10 mg/kg diethylmsamine (DEN) in saline by gastric gavage.
Two weeks later, 140 rats were randomly divided sik treatment groups of 26 rats each (control,
three PFDA-treatment groups, one ciprofibrate ineait group) and one group of 10 rats comprising
a phenobarbital-treatment group. At the same tfme, of the six treatment groups received the first
monthly i.p. injections of PFDA in corn oil. Themaining two groups were placed on unrefined
diets that contained either 0.01% ciprofibrate .656@0 phenobarbital. Ciprofibrate (peroxisome
proliferator) and phenobarbital are known tumorrpoting agents and were included as positive
controls. The number and volume of altered hegaticwere determined after 9 and 18 months as
the primary end-point. The histochemical markersTG&TPase and G6Pase were used for this
purpose.

Test substance
PFDA (from 3M, Inc). Purity: not stated . Impur#ieot stated. Batch number not stated.

Test animals
» Sprague-Dawley rats, female.
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Five groups with 26 animals each. The control grivegted with phenobarbital had 10
animals.
Age and weight at the study initiation not reported

Administration/exposure

Route of administration: intraperitoneal injectiamfsPFDA. Positive control groups were
orally exposed via diet.

Duration of test/exposure period: 9 months or 18t

Doses/concentration levels, rationale for dosel legtection: PFDA-dose groups: 0.0, 0.05,
0.50, 5.0 mg PFDA/kg/injection. Vehicle: corn dil.a previous study by the same authors
(Borges et al., 1992) the authors found that twekMedoses of 10 mg/kg resulted in weight
loss after months, whereas a dose of 3 mg/kg didettuce body weight but still produced
significant increases in peroxisome enzymes. Tidyshuthors therefore chose a similar
dose for the highest does and used a monthly iojesthedule to avoid adverse
consequences from too frequent i.p. injections.

Frequency of treatment: once a month

Control group and treatment: Additional controlgps were placed on diets that contained
either 0.01% ciprofibrate or 0.05% phenobarbital.

Post exposure observation peritite body weights of all animals were recorded etany
weeks. The number and volume of altered hepatiofece determined after 9 and 18
months as the primary end-point, using the histoiba&l markers gamma-glutamyl
transpeptidase (GGT), glucose6-phosphatase (G6RadeTPase.

Nine months after the start of the study, threg fram the phenobarbital-treatment group
and 12 rats from each of the other treatment grougre sacrificed. The remaining rats in
each group continued to receive treatment and saeficed at 18 months. At both times,
rats were killed 10 days after the final injectaPFDA.

Vehicle (identification, concentration and volunsed, justification of choice of vehicle (if
other than water)): corn oil - no further detaitstbe vehicle were available.

Test substance formulation/diet preparation, agtdexoncentration, stability and
homogeneity of the preparation: no information Ede in the original study report
Actual doses (mg/kg bw/day): not reported in thginal study report

Satellite groups and reasons they were addedpplitable

Results and discussion

Mortality and time to death (indicate number died gex per dose and time to death): no
mortality reported

Clinical signs: not reported in the original stugport.

Body weight gain: not significantly affected by apfythe treatments

Food/water consumption: not reported in the origétady report

Ophthalmoscopic examination: not reported in thgiwal study report

Clinical chemistry: not reported in the originaldy report

Haematology: not reported in the original studyortp

Urinalysis: not reported in the original study repo

Organ weights: Spleen and kidney weights not sicanitly affected by any treatment. At
nine months liver to body weight ratios of rats ékets containing either 0.01% ciprofibrate
or 0.05% phenobarbital were significantly increa&¥o and 44% increase respectively,
compared to control levels, p<0.01) and in the PREatment group 5.0 mg/kg/injection
(23% increase compared to control levels, p<0A86)18 months the liver to body weight
ratio was not significantly increased in any of BfeDA-treated groups

Necropsy findings: nature and severity: not rebitethe original study report

Tissue parameters: 5.0 mg/kg PFDA significantlyeased (p<0.05) the activity of the
peroxisomal enzyme fatty acyl CoA oxidase at bo(h(% increase compared to control)
and 18 months (53% increase compared to control).
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» Histopathological findings: Liver sections from rheats in all treatment groups showed
chronic inflammation, fibrosis, and bile duct pfefiation at both 9 and 18 months. Neither
PFDA nor ciprofibrate treatment increased the nurobéoci/cn?, the number of foci/liver
nor the volume fraction of the foci relative to tmhrats at either 9 or 18 months. All three
doses of PFDA significantly increased the meanlfeclume at 9 months in a dose-
dependent manner 3-5-fold (0.025 &nm049 mm, 0.053 mm at 0.05 mg/kg, 0.5 mg/kg,
and 5.0 mg/kg respectively, compared to contral D.:@n¥, p<0.01), but there was no
increase at 18 months.

* Tumour incidence data by sex, dose and tumour §BBA treatment did not significantly
increase the tumor incidence, see Table IV. Angase (not stat. sign.) in the incidence of
hepatocellular carcinoma was observed at 5.0 m@HBA (2/12 (17%)) at 9 months but not
at 18 months.

* Local or multi-site responses: not applicable (diMgr was examined)

* Progression of lesions to malignancy: not applieabl

* Gender and/or species-specific responses: notcapsi (only female rats included in the
study)

* Mode of action (genotoxic, non-genotoxic): not éqadble

* Tumour latency: not applicable

» Statistical methods and results (unless alreadgritbes! with specific test results above):
statistical evaluations were made using analysi@génce and Dunnett’s multiple
comparison test. Values were considered signifiodm@n p<0.05

Table IV. Tumor incidence (%) at 9 and 18 months
(Adapted from original report)

Neoplastic Hepatocellular
Group nodules carcinomas
9 months
Control 6/11 (55) 0/11 (0)
0.05 mg PFDA 3/12 (25) 0/12 (0)
0.5 mg PFDA 4/12 (33) 0/12 (0)
5.0 mg PFDA 3/12 (25) 2/12 (17)
Ciprofibrate 6/12 (50) 2/12 (17)
Phenobarbital 3/3 (100) 0/3 (0)
18 months
Control 9/10 (90) 3/10 (30)
0.05 mg PFDA 10/12 (83) 1/12 (8)
0.5 mg PFDA 7/7 (100) 1/7 (14)
5.0 mg PFDA 11/11 (100) 1/11 (9)
Ciprotibrate 7/9 (78) 9/9 (100)*
Phenobarbital 5/5 (100) 1/5 (20)
*Significantly different from control (P < 0.01).

Study 2
Study reference:

Benninghoff AD, Orner GA, Buchner CH, Hendricks JDyffy AM, Williams DE. Promotion of
hepatocarcinogenesis by perfluoroalkyl acids inbaw trout. Toxicol Sci. 2012 Jan;125(1):69-78

Detailed study summary and results:
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Study typeMechanistic study in a non-mammalian species. Tioah animal model that represents
human insensitivity to peroxisome proliferation.t&o-stage chemical carcinogenesis model was
used in trout to evaluate PFAAs as complete cageins or promoters of aflatoxin B(1) (AFB(1))-
and/or N-methyl-N'-nitro-N-nitrosoguanidine (MNN@)duced liver cancer. DNA microarray was
used to assess hepatic transcriptional resportbede dietary treatments in comparison with E2 and
the classic peroxisome proliferator, clofibrate ().

Identity of the test substandeEDA (from Sigma Aldrich). Purity: analytical gra¢ieot stated)

Test subjectsRainbow trout were used in the study. Approxima@&H0 fry were initiated at 10
weeks postspawn with an agueous exposure to 10ApEd or 0.01% EtOH (noninitiated sham
controls) for 30 min; a second cohort of about 169@0vas AFB1 or sham initiated at 15 weeks of
age. To determine whether the expected tumor-pliog@tffects of PFOA and related compounds
are carcinogen or target organ dependent, a tbindrt of about 1000 fry was initiated at 10 weeks
postspawn with a 30-min agueous exposure to 35 [NNG, a multiorgan carcinogen in trout
(Hendricks et al., 1995), or 0.01% dimethyl sulftei(noninitiated sham control). After initiation,
fry were fed Oregon Test Diet (OTD), a semipurifieasein-based diet, for 1 month (Lee et al.,
1991). Then, within each initiation cohort, trouene randomly distributed into dietary treatment
groups with 125 animals assigned to duplicate t§2%86 fish/treatment)

Route of administration, exposuréish (250 fish/treatment) were fed experimentatsde®ntaining

5 ppm E2, 2000 ppm PFOA (approximately 50 mg/kg ybadeight/day), 2000 ppm 8:2
fluorotelomer alcohol (FtOH) or 2000 ppm CLOF dditlim (2.8—-5.6% of body weight) 5 days per
week for 6 months. PFNA and PFDA experimental diegge initially administered at 2000 ppm but
due to an unexpected number of mortalities earlthenstudy, diet concentrations were reduced to
200 ppm PFDA (5 mg/kg/day) or 1000 ppm PFNA (25kgflay) for the remainder of the exposure
period. PFDA (as most of the test compounds) wdsadirectly to the oil portion of the test diet.

Results:

Incidence of liver tumors significantly increasegi8-fold compared to ABF1/control, p<0.0001),
multiplicity significantly increased (data not shown the article) and size of liver tumors
significantly increased (compared with ABF1/contq@k0.001) in trout fed diets containing PFDA
compared with AFB(1)-initiated animals fed contrat.

PFDA was the most potent promoting agent testethis) study. 200 ppm PFDA increased liver
tumor incidence to a greater extent (26% higheantdid a 10-fold higher diet concentration of
PFOA.

Pearson correlation analyses, unsupervised higecafclelustering, and principal components
analyses showed that the hepatic gene expressiditeprfor E2 and PFOA, PFNA, PFDA, and
PFOS were overall highly similar, though distinattprns of gene expression were evident for each
treatment, particularly for PFNA.

14.3.30 Reproductive toxicity - animal data

Study 1
Study reference:

Harris MW, Birnbaum LS. Developmental toxicity oénfluorodecanoic acid in C57BL/6N mice.
Fundam Appl Toxicol. 1989 Apr;12(3):442-8.
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Detailed study summary and results:

Test type
No guideline was followed. Prenatal developmentalcity study. The mice were dosed once per
day for either 4 consecutive days (GD 10-13) orcbbsecutive days (GD 6-15). Dams were
weighed on GD 18 and killed by decapitation. Maaéend developmental toxicity of PFDA were
assessed.

Test substance
PFDA, from Aldrich Chemical Company (refer to Tabléor details)

Test animals

Mouse, C57BL/6N, Female

10-14 animals in each control and dose group

Female mice were obtained at 6-8 weeks of age afdlih breeding colony for at least two
weeks prior to mating. No information on weightté study initiation in the original study
report

Administration/exposure

Route of administration — oral gavage (10 ml/kgypaeight)

Dosing once daily on GD 10-13 or GD 6-15

Doses/concentration levels: GD 10-13: 0.25, 08, 2.0, 4.0, 8.0, 16.0, 32.0 mg/kg/day; GD 6-
15: 0, 0.03, 0.3 1.0, 3.0, 6.4, 12.8 mg/kg/day.rikionale given for dose level selection in the
first study, GD10-13, that was designed to invedégdioxin-like toxicity of PFDA and to
contain the sensitive window for cleft palate andifonephrosis development. In the second
study PFDA was administered during the entire gked organogenesis (GD 6-15) and the
doses were based on the results of the first study.

Control group received 10 ml/kg bw corn oil

No historical control data available

Vehicle: corn oil. No further detail given in theginal study report

A stock solution of 3.2 mg/ml was prepared in fresihn oil and its concentration and stability,
as well as that of selected dilutions, were chedRetitration prior to administration

Test substance formulation/diet preparation, a@udesoncentration, stability and homogeneity
of the preparation: no details given in the origstady report

Actual doses (mg/kg bw/day): not reported in thginal study report

Description of test design:

Details on mating procedure: 2 females per maleweused overnight, females were checked
for vaginal plugs the next morning; the day on wahécplug was observed was denoted as day O
of gestation. On GD 6 or 10, females were weighetirandomly assigned to treatment groups.
Dosing schedules: The mice were dosed once pefodajther 4 consecutive days (GD 10-13)
or 10 consecutive days (GD 6-15). Dams were weigime@D 18 and killed by decapitation.
Standardization of litters: not applicable

Parameters assessed in dams: The dams were cluaikefbr signs of toxicity. The dams were
weighed on GD 18 prior to decapitation. Maternaedi weights, live fetus weights, and the
number of live and dead foetuses were recordec@topsy. Maternal body weight gain was
defined as the gain in weight of the dam betweerfits gestation day of treatment and GD 18
minus the weight of the uterus and its content® Uiteri of nonpregnant mice were examined
for the presence of implantation sites.

Organs examined at necropsy in offspring: The feguvere first examined for gross external
abnormalities and then randomly assigned in appratély equal number for soft tissue
examination (organs not specified) and skeletahisig.

Post exposure observation period: not applicable
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Results and discussion

» Actual dose received by dose level by sex: not kmowfemales, not applicable in males

e Statistical treatment of results: The litter wasnsidered the experimental unit. The
nonparametric ANOVA Kruskal-Wallis was used to detee if there was a significant
difference between groups. Where a significantedifice was observed, pairwise comparisons
of parameters from exposure group to control grage made by the Mann-Whitney U test. All
reported p values are two-tailed. The significantedose-response trends was analysed by
Jonckheere’s test.

For P (per dose):
Number of animals at the start of the test and mgatinot known. When the dosing started at
GD 10 there were 11-14 dams in each treatment grmupt GD 6 there were 10-14 dams in
each treatment group.

 Time of death during the study and whether aninsalwived to termination: there was no
mortality in dams that were dosed GD 10-13; amdrgdams dosed GD 6-15 at the highest
dose (12.8 mg/kg/day) there were three dams tedtath GD 18 after exhibiting marked weight
loss.

* Body weight data for P and F1 animals selectedrfating: Body weight of females or males
that were mated not known. Body weight of dam#atstart of treatment, see tables | and IIl.

Table |. (Adapted from original report) Reproduetiparameters in mice receiving PFDA on

GD 10-13
PFDA (mg/kg/day)

0.0 0.25 0.5 1.0 2.0 4.0 8.0 16 32.0
Number of | 13 12 10 13 14 13 11 13 12
dams
Maternal bw | 25.6+ | 25.2+ | 245+ | 26.3+ | 25.3+ | 25.1+ | 25.1+ | 259+ | 25.1+
GD 10 0.3 0.4 0.4 0.9 0.4 0.5 0.4 0.9 0.5
(mean +
SEM)
Net body 28+ | 25% 22+ 20+ 2.4 + 35+ 28+ 11+ 54+
weight 0.3 0.5 0.2 0.8 0.4 0.2 0.8 0.7 0.5
change GD
10-13 (mean
+ SEM) 8§
Maternal 19+ |18+ 1.8+ 21+ 22 + |28+ |32+ 3.2+ 28+
liver weight | 0.04 | 0.09 0.08 0.05 0.09 0.05 0.1 0.1 0.2
(mean +
SEM) §
Maternal 6.7+ | 6.4 6.9 + 75+ 7.7 9.7+ 115+ | 129+ | 138+
relative liver | 0.1 0.3 0.3 0.1 0.2 0.1 0.5 0.4 0.9
weight
(mean +
SEM)
Implantation | 84+ | 7.5+ 8.2+ 8.5+ 8.4+ 8.2+ 8.7+ 8.0+ 8.2+
s per litter| 0.8 0.5 0.2 0.6 0.6 0.7 0.3 0.6 0.3
(mean *
SEM)
Live fetuses| 7.6+ | 6.5+ 7.8+ 8.2+ 7.6+ 7.6+ 7.2+ 7.2+ 52+
per litter | 0.9 0.2 0.4 0.7 0.8 0.8 0.8 0.7 1.1
(mean *
SEM)
% 13.1+] 159+ | 50¢ 5.8+ 114+ [10.1+ |16.2+ | 124+ | 354+
resorptions | 4.6 8.4 3.3 4.1 7.1 5.2 8.8 4.9 13.8
per litter | (10) (12) 4) 3) (112) @) a7) (20) (36)
(mean +
SEM)
(N)
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Litters with | 7 (0) | 5(1) 2 (0) 2(0) 5(1) 4 (0) 6 (1) 6 (0) D (
resorptions
(No. with
100%)
Percentage | 53.8 42.7 20.0 154 35.7 30.8 54.5 46.2 58.3
litters  with
resorptions
Fetal bw perf 1.25+| 1.20+ | 1.13+ | 1.13+ | 111+ 113+ |1.04+ |098+ | 0.70%
liter (mean| 0.05 | 0.03 0.02 0.03 0.03 0.03 0.01 0.03 0.03
+ SEM) §
§ p<0.01 Jonckheere’s test for trend

* p< 0.05 Mann-Whitney U test, pairwise comparisorcontrol
** p< 0.01 Mann-Whitney U test, pairwise comparigorcontrol

Table Ill. (Adapted from original report) Reprodive parameters in mice receiving PFDA on

GD 6-15
PFDA (mg/kg/day)

0.0 0.03 0.1 0.3 1.0 3.0 6.4 12.8
Number of dams| 12 11 12 12 14 12 14 10
Maternal bw GD| 21.9+ 22.1+ 22.0+ 22.4+ 22.0+ 21.5+ 21.6+ 21.8+
6 (mean + SEM)| 0.5 0.3 0.4 0.4 0.3 0.4 0.3 0.4
Net body weight| 4.9 + 5.3+ 5.8+ 54+ 5.8+ 6.3+ 04+ 2.4 +
change GD 6-15 0.5 0.2 0.2 0.2 0.3 0.4 0.6 ** 0.4 **

(mean + SEM) §
Maternal liver 1.8+ 1.8+ 19+ 19+ 22+ 29+ 3.0+ 29+
weight (mean = | 0.07 0.06 0.04 0.06 0.02** 0.1** 0.1** 0.09**

SEM) §
Maternal relative| 6.7 £ 6.7 £ 6.9 + 6.8 £ 79+ 10.3 13.8 15.2 +
liver weight 0.2 0.2 0.1 0.2 0.1 ** 0.4** 0.3 ** 0.4 **

(mean + SEM) §
Implantations 8.1+ 8.6t 8.4+ 8.7+ 8.2+ 8.2+ 74+ 8.8+

per litter (mean 1 0.5 0.5 0.2 0.3 0.4 0.2 0.5 0.6*
SEM)

Live fetuses pef 7.2 + 7.8+ 79+ 85+ 7.4+ 7.3+ 5.8+ 4.6+
litter (mean | 0.3 0.3 0.3 0.3 0.5 0.4 0.7 1.0
SEM) §

%  resorptiony 9.4 + 8.3+ 6.0 £ 2.8+ 89+ 108+ |19.1+ |41.7+
per litter (mean 4 2.7 2.3 3.2 2.0 4.3 3.4 7.7 1357
SEM)

Litters with | 7 (0) 7 (0) 3(0) 2 (0) 5 (0) 8 (0) 7(1) 7(3)
resorptions (No
with 100%)

Percentage litters 58.3 63.6 25.0 16.7 35.7 66.7 50.0 70.0
with resorptions
Fetal bw perf1.17+ | 116+ | 113+ |1.16+ |1.12+ |110+ |090+ |0.59+
liter (mean | 0.01 0.02 0.02* 0.03 0.02* 0.01* | 0.03** | 0.02**
SEM) §

b Litters with live foetuses only

¢ Net body weight change = 18 body weight — grav&tus weight + empty uterus weight — gd 10 body
weight

49 resorptions = (dead foetuses plus resorptionsien of total implantation sites) x100

§ p<0.01 Jonckheere’s test for trend

* p< 0.05 Mann-Whitney U test, pairwise comparisorcontrol

** p< 0.01 Mann-Whitney U test, pairwise comparigorcontrol

» Body weight at sacrifice: not specified.
» Absolute and relative organ weight data for theeptal animals: only available for the liver
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Toxic response data by sex and dose including ésdimf mating, fertility, gestation, birth,
lactation: not applicable

Toxic or other effects on reproduction, post ngtawth of offspring: not applicable

Clinical observations: description, severity, tiofeonset and duration: not reported
Haematological and clinical biochemistry findinfiavailable effects on sperm: not reported/not
applicable

Number of P and F1 females cycling normally andesiength: not applicable

Duration of gestation (calculated from day 0 ofgm@&ncy): not applicable

Precoital interval (number of days until mating anonber of estrous periods until mating): not
applicable

Number of implantations, litter size: see tablasd Il

Corpora lutea: not reported

Number of live births: see table | and Il

Number of pre- and post-implantation loss: not fadedo distinguish between pre- and post-
implantation; for data on % resorptions per ligee tables | and IIl.

Number of dams with abortions, early deliveried|bitths, resorptions and/or dead foetuses:
number of dams with abortions, early deliveries] afillbirths were not reported in the original
study report; data on resorptions and/or dead éseper litter— see tables | and Ill. 4 of 12 dams
receiving 32 mg/kg/day GD 10-13 were found to ha968% of their foetuses resorbing or dead,
whereas 5 of the 12 dams had no fetal mortaligflat

Data on functional observations: not reported endhginal study report

Necropsy findings: not reported in the originaldstueport

Histopathological findings: nature and severityt reported in the original study report

Body weight change and gravid uterine weight, idiolg optionally, body weight change
corrected for gravid uterine weight: see tablesd HI (weight of gravid uterine not available)
other organ weight changes if available: organ higfigr liver reported only

For F1 pupsllitters (per dose):

Mean number of live pups (litter size): see talaad

Sex ratio: no information available

Viability index (pups surviving 4 days/total birdhsiot applicable

Survival index at weaning: not applicable

Mean litter or pup weight by sex and with sexes loiovd: fetal body weight per litter — see

table | and IlI

External, soft tissue and skeletal malformationd ather relevant alterations: no statistical
significant changes reported. Variations in osatfan of braincase were observed in 100% of
foetuses examined in mice receiving 12.8 mg/kgata$D 6-15.

Number and percent of fetuses and litters with anatftions (including runts) and/or variations

as well as description and incidences of malforomastiand main variations (and/or retardations):
no statistical significant changes reported. In emigxposed at GD 10-13 one fetus with
hematoma on left side of neck at 0.25 mg/kg andniglkg, two foetuses with hematoma on

right side of neck at 32 mg/kg, one fetus with eaphaly at 1 mg/kg and 16 mg/kg were
reported.

Data on physical landmarks in pups and other paitst Wlevelopmental data: not applicable

Data on functional observations: not applicable.

14.3.31 Reproductive toxicity - human data
Not applicable.

14.3.32 Reproductive toxicity - other data (e.g. stlies on mechanism of action)

Study 1

Study reference:
Bookstaff RC, Moore RW, Ingall GB, Peterson RE. fogknic deficiency in male rats treated with
perfluorodecanoic acid. Toxicol Appl Pharmacol. Q9@n 15;104(2):322-33.
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Detailed study summary and results:

Study type:No guideline, unknown GLP-status. Study designednt@stigate effects of PFDA
treatment on the androgenic status of rats: adtéete on androgen status of male rats in intast ra
or in rats castrated and implanted with testostgapsules; and ex vivo studies of effects of PFDA
on decapsulated testes.

Identity of the test substandeFDA (Aldrich Chemical Co.). Purity: 96% (by titratn with sodium
hydroxide). 87.4% PFDA as analysed by gas chromapdty/mass spectroscopy by the authors.

Test subjectsRat (Sprague-Dawley), sexually mature males, 1fhalsi per dosing group of intact
animals.

Ad libitum-fed control (ALC) rats were dosed witin sequal amount of vehicle (propylene
glycol/water, 50/50, v/v; 1 mil/kg, i.p.) as PFDA&ted animals.

3 or 6 rats from each treatment group were castraé® hours after dosing and testosterone-
containing capsule was inserted subcutaneouslyf&hicontrols (PFC) rats were weight matched to
PFDA-treated rats and provided daily the same atfead that their partner consumed.

For ex vivo tests testes were removed from ratsaich treatment group 7 days after dosing and
decapsulated. No information on how many animaésich treatment-group.

Route of administration, exposurep., single dose, 0, 20, 40, 80 mg/kg in propylgheol/water.
All rats were killed 7 days after treatment.

Results:

The cumulative feed consumption was decreased @px@ 44% of that of ad libitum-fed control

rats at 80 mg/kg. Body weight was also decreased.Qp) to 72% of that of ad libitum-fed control

rats at 80 mg/kg. At 40 mg/kg PFDA body weight Waser (p<0.05) than both the pair-feed control
(7% lower) and ad libitum-fed control rats (16% &xyv

Testis weight (no information whether the weightalssolute or relative) slightly (approx. 8% as

estimated from the graphical presentation) butissizally significant decreased (p<0.05) at 80

mg/kg compared to ad libitum-fed control rats. Nstdlogical changes in testes were reported at
any dose level. Dose-related decreases in the tgefgh information whether the weight is absolute
or relative) of seminal vesicles and ventral pitsis. At 80 mg/kg weights were reduced (p<0.05) to
42% and 49%, respectively, of those on ad libiteh-¢ontrol rats.

Marked atrophy of the epithelium of seminal vesclet 80 mg/kg (incidences not reported).
Epithelial height in these PFDA-treated rats wagrap. 50% less (p<0.05) than control animals
(both ad libitum-fed and pair-fed control animasB0 mg/kg.

Marked atrophy of the epithelium of glandular a@hithe ventral prostrate at 40 and 80 mg/kg. In
rats treated with 40 or 80 mg/kg PFDA about 60%hefprostatic acini were lined by low cuboidal
epithelium compared to only about 20% of the aicirdd libitum-fed and pair-fed control animals).

Decreased (p<0.05) plasma testosterone concensasio40 and 80 mg/kg compared to both to
ALC (25% and 12% of control levels, respectivelyhda PFC. Decreased (p<0.05)-5
dihydrotestosterone concentrations at 40 and 8&gnggmpared to both to ALC (32% and 18% of
control levels, respectively) and PFC, measurethat/ after treatment, N=10.

ED50 for decreased plasma androgen concentratiaeaS& mg/kg.

PFDA treatment had no significant effect on plasestosterone concentrations in castrated rats with
implants of testosterone-containing capsules. Bagyghts were similar also to intact rats. No
difference in ventral prostate weight between eastl and implanted rats and ad libitum fed or pair-
fed controls. At 20 and 40 mg/kg PFDA but not an8ffkg PFDA the weights of seminal vesicles
were decreased (p<0.05) by approx. 30% comparpditded control rats.
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Decapsulated testis from PFDA treated rats at 80kgngtimulated with human chorionic
gonadotropin (100 miU/ml) showed decreased levélseareted testosterone to 27% of control
(p<0.05). The effect was significant already armdf)kg (approx.. 70% of control levels, p<0.05) but
no effect was observed in testes from rats treattd20 mg/kg PFDA.

Study 2
Study reference:
Olson CT, Andersen ME. The acute toxicity of pesfluoctanoic and perfluorodecanoic acids in
male rats and effects on tissue fatty acids. ToXAppl Pharmacol. 1983 Sep 30;70(3):362-72

Detailed study summary and results:
Study typeNo guideline, unknown GLP-status. Study designeidiestigate acute effects of PFDA
on tissue fatty acids in male rats.

Identity of the test substand@EDA (supplier not specified). Purity: not speddfie

Test subjectsFischer rats, adult males. 10 animals per dosepgfou LD50 determination, 4
animals per dose group for fatty acid compositimia.

Route of administration, exposure:
LD50 determination:

12 doses in the range 40 mg/kg — 500 mg/kg (exastsladministered not stated) i.p. in propylene
glycol-water, single dose.

Study of fatty acid compaosition :

50 mg/kg ip in propylene glycol-water, single do&d.libitum-fed control rats (ALC) were injected
with vehicle propylene glycol-water (1:1). The folling day additional rats were weight matched to
PFDA-treated rats, injected with vehicle propylegtgcol-water (1:1) and provided daily the same
amount of food that their PFDA-treated partner comsd (pair-fed control).

Day of injection was day 0. Rats were killed 284nd 16 days after injection.

Results:

LD50 determination:

The LD50 at 30 days was 41 mg/kg, delayed lethalith deaths in second and third week after
dosing.

The LD50 at 14 days was 64 mg/kg, delayed lethalith deaths in second and third week after
dosing.

Study of fatty acid compaosition:

Decreased food intake started at day 1 and wae tbozero from day 7 to 14 after 50 mg/kg PFDA.
Mean body weights decreased from 207 to 109 g ulayol6. At day 6 the decrease in body weight
was >20%. The pair-fed controls decreased in bosight from 209 to 131 g.

At day 4 after i.p. administration of 50 mg/kg PFDd#ean organ weights were only significantly
different in heart (0.48 versus 1.70 in controlQ5).

At day 8 after i.p. administration of 50 mg/kg PFD#ean organ weights of testes (1.7 g versus 2.8 g
in control and 2.2 g in PFC), adrenals and hearewegnificantly lower than both vehicle control
and PFC (p<0.05)

Mean liver weight was significantly lower than velki control (7.6 versus 9.9, p<0.05) but not than
PFC (3.0 g).

In the livers at day 2 after injection of PFDA thewas increase in oleic and linoeic acids and a
decrease in stearic, arachidonic and docosahexaewails. By day 4, palmitic and oleic acid
fractions were significantly greater, and steaacachidonic and docosahexaenoic acids were
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reduced. On both day 8 and 16, PFDA-exposed aniexaibited increased fractions of palmitic and
oleic acids and decreased fractions of stearicasachidonic acids.

Study 3
Study reference:
George ME, Andersen ME. Toxic effects of nonademaf-n-decanoic acid in rats. Toxicol Appl
Pharmacol. 1986 Sep 15;85(2):169-80.

Detailed study summary and results:

Study typeNo guideline, unknown GLP-status. Study aimed a¢stigating toxic effects of PFDA
in male rats after single administration

Identity of the test substanc®FDA (Aldrich Chemical Co.) 96% straight chain. §itved in
prolylene glycol and water, 1:1 v/v. Concentratimjusted so the dose volume was less than 0.5 ml.

Test subjects:
LD50 determination 30 days after i.p. injection:

Fischer-344 rats, males and females; Sprague-Daateymales.
Number of groups and number of animals per groustated.

LD50 determination 30 days after oral administmatio
Fischer-344 rats, males
Number of groups and number of animals per groustated.

Time course toxicity experiments
Fischer-344 rats, males.
Five groups and at least six rats per group.

Route of administration, exposure:

LD50 determination 30 days after i.p. injection:
Doses tested not stated.

LD50 determination 30 days after oral administratio
Doses tested not stated.

Time course toxicity experiments

50 mg/kg, i.p., single dose.

24 hours later, control rats were administered \hitlh vehicle. One control rat was matched with
each PFDA-treated rat for pair-feeding. Rats wédlteckat 4, 8, 12, 16 or 30 days after injectiom an
matching pair fed controls were killed the next.day

Results:

LD50 determination 30 days after i.p. injection:

LD50 at 30 days after i.p. administration in FiseBé4 rats was 41mg/kg for males and 43 mg/kg
for females.

LD50 at 30 days after i.p. administration in in em&prague-Dawley rats was 75 mg/kg.

A dose of 50 mg/kg i.p. was selected for the tirerse toxicity study since no mortality was
observed within the first 14 days. However, 8 ofr@ died after 16 or 30 days. Data from animals
dying after 14 days were not included in the result
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LD50 determination 30 days after oral administratio
The 30 day oral LD50 in male Fischer-344 rats wamg/kg.

Time course toxicity study

PFDA administration caused decreased food intak@mihe first days and it was close to zero day
4 to 12. Both control and PFDA-treated rats losigiveuntil day 13, thereafter the weights remained
about the same until day 18-20. 18-20 days afteinddhe rats started to gain weight slowly. At day
16, PFDA-treated rats had greater weight loss cosaptheir pair-fed controls (100 g versus 70 g
weight loss, p<0.01).

Liver weights and liver to body weights ratios weignificantly higher than controls. At 30 days the
liver to body weight ratio was almost 50% greaper(.01) than pair-fed control rats.
Histopathological examination revealed atrophy dedeneration of the seminiferous tubules in
testes which was first seen at day 16 and persigted day 30 post-administration (authors report
that findings were significant but no quantificatis available).

Inflammation, hyperkeratosis, edema and some uloeraf the stomach was also reported. Thymic
atrophy was seen in treated rats 8 days after expoand thymic tissue was absent in the majority
of treated rats at 12, 16 and 30 days. A uniformh persistent cellular swelling at all times in the
liver was observed. Inflammatory cell infiltrati@amd some signs of necrosis were noted at day 8.

Study 4

Study reference:
Kjeldsen LS, Bonefeld-Jgrgensen EC. Perfluorinaadpounds affect the function of sex hormone
receptors. Environ Sci Pollut Res Int. 2013 NoviA)(8031-44.

Detailed study summary and results:
Study type:In vitro mechanistic study aimed at investigatingerference with steroid hormone
receptor functions.

Identity of the test substandeEDA (ABCR, Germany). Purity: 98%
(PFHxS, PFOS, PFOA, PFUNnA, PFDoA, or Mix were désied)

Cell culture and exposure:

ER transactivation assay:

Stably transfected MVLN cell line derived from theman breast adenocarcinoma MCF-7 cell line
carrying an estrogen response element-lucifergsertey vector. The transcriptional activity was
measured in response to PFAAs with or without eattnent of 25 pM E2. Tested concentrations of
PFAAs were in the range of 1x10-9 — 1x10-4 M.

AR transactivation assay:

Chinese hamster ovary cell line CHO-K1 transiectytransfected with an MMTV-LUC reporter
vector and an AR expression plasmid pSVARO. Thastaptional activity was measured in
response to PFAAs with or without co-treatment 5f@d DHT. Tested concentrations of PFAAs
were in the range of 1x10-9 — 1x10-4 M.

Aromatase activity:

Human choriocarcinoma JEG-3 cell line. Aromatizatio response to PFAAs was measured by
radioactivity derived from the precursoifBH]androst-4-ene-3,17-dione. Tested concentratdns
PFAAs were in the range of 1x10-8 — 1x10-4 M.

Assays were carried out at test concentrationdeioly cytotoxic.
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Results:

ER transactivation assay:
No estrogenic or ER antagonistic effect of PFDA.
Weak estrogenic effects of PFHxS, PFOS and PFOA.

AR transactivation assay:

None of the tested PFAAs acted as agonists.

Upon co-treatment with 25 pM DHT, five of seven BSA(PFOS, PFHXxS, PFOA, PFNA, and
PFDA) elicited significant (p<0.05) concentratioepgndent antagonistic effects on DHT-induced
AR transactivity. (Cytotoxicity was notedaix10-4 M for PFDA)

PFDA IC50=6x10-6 M

PFNA 1C50=5.2x10-5 M

PFOA IC50=1.1x10-5 M

Aromatase activity:

PFDA weakly decreased the aromatase activity (dovw85% compared to solvent control, p=0.002)
at 1x10-5 M (cannot be ruled out that the effestdue to beginning cytotoxicity of PFDA, noted at
>1x10-4 M for PFDA). No effect of the other testeeAAs.

14.3.33Specific target organ toxicity (single expase) - animal data
14.3.34 Specific target organ toxicity (single exgare) - human data
14.3.35 Specific target organ toxicity (single exjgore) - other data
14.3.36 Specific target organ toxicity (repeated @osure) - animal data
14.3.37 Specific target organ toxicity (repeated @osure) - human data
14.3.38 Specific target organ toxicity (repeated @osure) - other data
14.3.39 ASPIRATION HAZARD

14.4 ENVIRONMENTAL HAZARDS

Not applicable.

14.5 ADDITIONAL HAZARDS

Not applicable.
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