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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CMR 1A OR 1B, PBT, VPVB OR A SUBSTANCE OF AN
EQUIVALENT LEVEL OF CONCERN

Substance Name(s)Pentadecafluorooctanoic Acid (PFOA)
EC Number(s): 206-397-9
CAS Number(s): 335-67-1

» The substance is proposed to be identified as astauie meeting the criteria of
Article 57 (c) of Regulation (EC) 1907/2006 (REAC#Iying to the recent RAC opinion which
concludes that PFOA should be classified as taxiadproduction category 1B in accordance
with the CLP Regulation (Regulation (EC) 1272/2A08)his corresponds to classification as
toxic to reproduction category 2 in accordance \littective 67/548/EEC.

* Itis proposed to identify the substance as PBDmliog to Article 57 (d).

Summary of how the substance meets the criteria setit in Article 57(c) and 57(d) of REACH

The free perfluoroocanoic acid (PFOA) stays in Eguum with perfluorooctanoate (PFO), the
conjugate base, in agueous media in the environasmtell as in the laboratory. The ammonium
salt (APFO), which is often used in animal expernisg is very soluble in water. In agqueous
solution it is present as anion PFO and the ammomiation. The dissolved anion PFO will stay in
equilibrium with the corresponding acid in aquemedia. In the following PFOA refers to the acid
(PFOA) as well as to its conjugate base PFO. Theretonclusions on PFOA/APFO are
considered to be valid for APFO/PFOA as well.

Toxic for reproduction:

In its opinion of 2 December 2011 on the proposahfarmonised classification and labelling at EU
level of Perfluorooctanoic acid (PFOA) ECHA’s Riglssessment Committee (RAC) concluded
that the evidence is sufficiently convincing tosddly PFOA for developmental effects as Repr. 1B
(H360D - May damage the unborn child) accordingtd® criteria (Regulation (EC) 1272/2008)
and Repr. Cat. 2 (R61 - May cause harm to the umbloitd) according to DSD (Council Directive
67/548/EEC).

Therefore, even though the substance is not yedlismn Annex VI of CLP (Regulation (EC)
1272/2008) there is evidence based on the RAC @pian PFOA that seems to indicate that the
substance meets the criteria for classificatiotoag for reproduction in accordance with Articlé 5
(c) of REACH.

1 http://echa.europa.eu/about/organisation/comnsittae/committee_opinions_en.asp
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PBT:

A weight of evidence determination according to pihevisions of Annex Xlll of REACH is used
to identify the substance as P and B. The availedelts are assembled together in a single weight
of evidence determination.

Persistence:

Based on degradation experiments PFOA is not dagtadn the environment and therefore fulfils
the P- and vP-criterion of REACH Annex XIII.

Bioaccumulation:

All available information, i.e. bioaccumulation tarrestrial species and in humans was considered
together in a weight of evidence approach. Theviddal results have been considered in the
assessment with differing weights depending onrtmaiture, adequacy and relevance. The
bioaccumulative property is proved by studies frimmestrial food webs, which clearly indicate
accumulation of PFOA in these food webs. Furtheartarman data strongly indicate that PFOA
bioaccumulates in humans. PFOA is present in huoi@od of the general population and elevated
concentrations are seen following specific expostoePFOA, either environmentally (e.qg.
contaminated drinking water) or occupationallyme trend studies show that PFOA levels are
significantly associated with the time exposed soihe studies strongly indicate that PFOA levels
increase with ageAdditionally, in humans gestational and lactatioegbosure are of special concern
asthe foetus and newborn babies are highly vulnerabéxposure to toxic substances.

Furthermore it is of special concern that PFOA lagnifies in endangered species as shown for the
polar bear and in animals which dikely to become endangered in the near futina@whale and
beluga whale).

Based onweight of evidence, it is considered that the dedan environmental species and humans
show that the B criterion of REACH Annex XIIl islfilied.

Toxicity

There is evidence based on the RAC opinion on PH@& seems to indicate that the substance
meets the criteria for classification as toxic feproduction in accordance with Article 57 (c) of
REACH. As a consequence the toxicity criteria ofARHE Annex XllII is fulfilled.

Conclusion:

In conclusion PFOA meets the criteria for a PBTssaibce according to Article 57 (d)

PFOA has not been registered under REACH.
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PART I

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL PROPERTIES

The free perfluoroocanoic acid (PFOA) stays in Bouim with perfluorooctanoate (PFO), the

conjugate base, in aqueous media in the environ@entell as in the laboratory. The physico-
chemical properties of PFOA and PFO are differ@hierefore, the expected environmental fate
will depend on the environmental conditions, whiofluence the equilibrium between base and
acid (pH and pKa).

The ammonium salt (APFO), which is often used immah experiments, is very soluble in water. In
aqueous solution it is present as anion PFO ananimaonium cation. The dissolved anion PFO
will stay in equilibrium with the corresponding ddn aqueous media.

With currently available analytical methods it @t possible to distinguish between PFO and PFOA
in samples. In the literature reporting human amirenmental monitoring studies the
concentrations are referred to as PFOA or APFO,abuays both species (PFO and PFOA) are
included in the given concentration.

In the following PFOA refers to the acid (PFOA)veall as to its conjugate base PFO. Only in cases
where it is important to distinguish between bgike@es and where species specific knowledge is
available it is clearly indicated that either tloedaPFOA or the conjugate base PFO is meant.

This Annex XV-Report covers both PFOA and APFO. Forsimplicity, in the discussions and
conclusions in this document PFOA is usually refeed to. Based on the reasoning above, the
conclusions are considered to be valid for APFO asell.
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1.1 Name and other identifiers of the substance

Table 1: Substance identity

EC number: 206-397-9

EC name: Pentadecafluorooctanoic acid

CAS number (in the EC inventory): 335-67-1

CAS number: 335-67-1

CAS name: Octanoic acid, 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pertatiuore
IUPAC name: Pentadecafluorooctanoic acid

Index number in Annex VI of the CLP Regulation

Molecular formula:

C8HF1502

Molecular weight range:

414.07 g/mol

Synonyms:

Perfluorooctanoic Acid;

PFOA;
Pentadecafluoro-1-octanoic acid;
Perfluorocaprylic acid;
Perfluoroheptanecarboxylic acid;
Perfluoro-n-octanoic acid;
Pentadecafluoro-n-octanoic acid;
Pentadecafluorooctanoic acid;
n-Perfluorooctanoic acid

1-Octanoic acid, 2,2,3,3,4,4,5,5,6,6, 7,7,8,8,8qudecafluoro

Structural formula:

F FF

F
|
|

FFF
UL
FFFFFF

F

COOH
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1.2 Composition of the substance

Name: Pentadecafluorooctanoic acid (PFOA)

Description: mono constituent substance

Degree of purity: > 99%

The detailed composition of the substance is centidl and provided in the technical dossier.

Pentadecafluorooctanoic acid is a mono constitusaobstance. The identification of
Pentadecafluorooctanoic acid as SVHC is based e@mpribperties of the main constituent only i.e.
only the (hypothetical) ideal substance (i.e. guoit 100%) will be included in the Candidate List.
However, by definitton all mono constituent subsem (real substances) with
Pentadecafluorooctanoic acid as main constitudhbeicovered.

Therefore, in this case of a mono-constituent sultst other constituents as well as the impurity
profile are not relevant for the identification 2gHC.
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1.3

Physico-chemical properties

Table 2: Overview of physicochemical properties

Property Value Remarks
Physical state at 20°C and solid (Kirk-Othmer, 1994)
101.3 kPa
Melting/freezing point 54.3 °C (Lide, 2003)

44 - 56.5 °C (Beilstein, 2005)
Boiling point 188 °C (1013.25 hPa) (Lide, 2003)

189 °C (981 hPa)

(Kauck and Diesslin, 1951)

Vapour pressure

4.2 Pa (25 °C) for PFOA
extrapolated from
measured data

2.3Pa (20 °C) for PFOA
extrapolated from
measured data

128 Pa (59.3 °C) for
PFOA measured

(Kaiser et al., 2005);
(Washburn et al., 2005)

(Washburn et al., 2005)

(Washburn et al., 2005)

Water solubility

9.5g/L (25° C)
4.14 gL (22°C)

(Kauck and Diesslin, 1951)
(Prokop et al., 1989)

Partition coefficient n-
octanol/water (log value)

2.69 at pH7 and 25°C

Calculated using Advanced
Chemistry Development
(ACD/Labs) Software V11.02 (©
1994-2012 ACD/Labs).

Dissociation constant pKa

6.3 EPI suite
[Syracuse_Research_Corporatjg
2000-2008]

25 (Ylinen et al., 1990)

2.8 in 50% aqueous
ethanol
15-28

(reliability not assignable)
(Brace, 1962)

(Kissa, 2001)

pH-value

2.6 (1g/Lat20°C)

(Merck, 2005) (reliability not
assignable)

>
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2 HARMONISED CLASSIFICATION AND LABELLING

In March 2010 Norway submitted a CLH dossier fornmanized classification and labeling of
PFOA. In December 2011 the Risk Assessment Conen(RAC) concluded that PFOA should be
classified as Carc. 2 H351, Repr 1B H360D, Lact H36TOT RE 1 (liver) H372, Acute tox

4H332, Acute tox 4 H302 and Eye dam 1 H318.

The conclusions included in the RAC opinion presdnh Table 3 and Table 4. The RAC opinion
has been forwarded to the European Commissiomébusion in Annex VI to the CLP Regulation.
On 11 January 2013 the Commission notified the WO@nmittee on technical Barriers to Trade
of its intention to classify PFOA accordingly.

Table 3: Harmonized classification according to thd&RAC opinion?, in accordance with the
CLP Regulation (Regulation (EC) 1272/2008)

Classification
International Chemical
Identification EC No CAS No Hazard Class and Hazard statement
Category Code(s) Code(s)
Carc. 2, H351
Repr. 1B H360D
Pentadecafluorooctanoic Lact . H362
acid (PFOA) 206-379-9 335-67-1 STOT RE 1 (liver) H372
Acute Tox. 4 H332
Acute Tox. 4 H3012
Eye dam. 1 H318

Table 4: Harmonized classification according to th&RAC opinion?, in accordance with the
criteria of Directive 67/548/EEC

International Chemical
Identification EC No CAS No Classification

Carc. Cat 3; R40
Repr. Cat. 2: R61: R64
206-379-9 335-67-1 T; R48/23,

Xn; R48/21/22, R20/22
Xi; R41

Pentadecafluorooctanoic acid
(PFOA)

Thirty-three notifications (5 aggregated notificats) have been submitted for PFOA to the C&L
Inventory. This information is publicly availabléavthe ECHA website at the following link:

http://echa.europa.eu/web/guest/information-on-gbaisycl-inventory-database.

2 The RAC opinion on PFOA is available at the follagilink:
http://echa.europa.eu/documents/10162/13579/raa_pfiopted_opinion_en.pdf
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3 ENVIRONMENTAL FATE PROPERTIES
3.1 Degradation
3.1.1 Abiotic degradation

3.1.1.1 Hydrolysis

PFOA is hydrolytically stable under relevant enmimmental conditions. One study has been
discussed in the OECD SIDS Initial Assessment ReporPFOA, which has been copied here in
italic letters (OECD, 2006):

The 3M Environmental Laboratory performed a stufiyhe hydrolysis of APFO (3M Co., 2001a).

The study procedures were based on USEPA’s OPPiteI®e Document 835.2110; although the

procedures do not fulfil all the requirements oé thuideline, they were more than adequate for
these studies. Results were based on the obseorerdrations of APFO in buffered aqueous
solutions as a function of time. The chosen aradyttechnique was high performance liquid

chromatography with mass spectrometry detectionL(EIMS).

During the study, samples were prepared and exaimesix different pH levels from 1.5 to 11.0
over a period of 109 days. Experiments were perdorrat 50 °C and the results extrapolated to
25 °C. Data from two of the pH levels (3.0 and feiled to meet the data quality objective and
were rejected. Also rejected were the data obtafoe@H 1.5 because ion pairing led to artificially
low concentrations for all the incubation period$e results for the remaining pH levels (5.0, 7.0,
and 9.0) indicated no clear dependence of the dégran rate of PFOA on pH. From the data
pooled over the three pH levels, it was estimaked the hydrolytic half-life of PFOA at 25°C is
greater than 92 years, with the most likely valie36 years. From the mean value and precision
of PFOA concentrations, it was estimated the hydiolhalf-life of PFOA to be greater than 97
years.

A newer study showed no decomposition of perfluarboxylic acids (PFCAs) in hot water in
absence of . After the addition of $5° to the reaction system efficient decomposition of
PFCAs has been observed at 80 °C. After a read¢imea of 6 hours PFOA was decomposed
completely. The reaction products were mainlyaRd CQ at a yield of 77.5 % and 70.2 %,
respectively. Short chain PFCAs were a minor reacgiroduct. However, at higher temperatures
(150°C) 12.3% of the initial PFOA remained and yiedds of F and CQ were 24.6 % and 37.0 %,
respectively (Hori et al., 2008) (Reliabilty = 2).

In summary, PFOA is hydrolytically stable under ieomwmental conditions.

3.1.1.2 Phototransformation/photolysis

Direct photolysis of a carbon fluorine chain is eggd to be very slow, with stability expected to
be sustained for more than 1000 years (Environt@antada, 2012).

10
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3.1.1.2.1 Phototransformation in air

A slow indirect photodegradation in air with an aspheric lifetime of 130 days has been reported
(OECD, 2006). This value is predicted from shodeain perfluorinated acids (conclusion by
analogy).

The following information was copied from the OE@EIDS Initial Assessment Report for PFOA
(OECD, 2006):

Hurley et al. determined the rate constants of th&ctions of OH radicals with a homologous
series of perfluorinated acids (from trifluoroaaeticid to nonafluoropentanoic acid) in 700 Torr of
air at 296 K (Hurley et al., 2004). ForsGo G chain length had no discernible impact on the
reactivity of the molecule. The rate constant k(GHF(CF,),COOH) = (1.6940.22X10

13 cn? moleculé st for n= 2, 3, 4, respectively. Atmospheric lifetsnof F(CE),COOH with
respect to reaction with OH radicals are estimatede approximately 230 days for n =1 and 130
days for n > 1. (Calculation of lifetime by compn with CHCCI3 (half-life 5.99 years,
k=1.0x10" cn? moleculd s%).) The authors conclude, that the major atmosphddss
mechanism of perfluorinated carboxylic acids is dnd wet (particle mediated) deposition which
occur on a time scale which is probably of the orde10 days. Reaction with OH is a minor
atmospheric loss mechanism for perfluorinated caytio acids.

In summary half-lives of 130 days have been repdiie phototransformation in air.

3.1.1.2.2 Phototransformation in water

Studies on the phototransformation of PFOA in watersummarized in Table 5.

11
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Table 5: Summary of photodegradation studies for APO and PFOA

Test Result Remarks Reliability Reference
Substance
APFO No photodegradation Direct photolysis 2 (OECD,
2006);(3M Co.,
1979)
APFO No photodegradation Direct and indirect (bD,; synthethic | 1 (OECD,
humic water, Fg€s) photolysis 2006);(3M Co.,
Estimated half-life > 349| Indirect photolysis (F£s) 2001b)
days
PFOA Short wave length (<300 nm) used | 2 (Hori et al.,
for irradiation— limited relevance 2004)
for an aqueous environment
44.9% of the initial Direct photolysis;
PFOA was decomposed| o 48 MPa Q@
after 24 hours
35.5% of the initial Indirect photolysis (K0,); 0.48 MPa
PFOA was decomposed| O,
after 24 hours
100% of the initial PFOA Indirect photolysis (tungstic
was decomposed after 24heteropolyacid photocatalyst); 0.48
hours MPa G
PFOA Short wave length (<300 nm) used | 2 (Hori et al.,
for irradiation— limited relevance 2005)
for an aqueous environment
16.8% of the initial Direct photolysis; 0.48 MPa O
PFOA was decomposed
after 4 hours
100% of the initial PFOA Indirect photolysis ($05%); 0.48
was decomposed after 4 MPa G
hours

The following information was copied from the OE@EIDS Initial Assessment Report for PFOA
(OECD, 2006):

Direct photolysis of APFO was examined in two safmstudies (3M Co., 1979; 3M Co., 2001b)
and photodegradation was not observed in eithedystin the 3M (1979) study, a solution of 50
mg/l APFO in 2.8 litres of distilled water was espd to simulated sunlight at 22+2 °C. Spectral
energy was characterized from 290-600 nm with a oudgut at ~360 nm. Direct photolysis of the
test substance was not detected.

In the 3M (3M Co., 2001b) study, both direct andinact photolysis were examined utilizing
techniques based on USEPA and OECD guidance do¢sniendetermine the potential for direct
photolysis, APFO was dissolved in pH 7 bufferedewaind exposed to simulated sunlight. For
indirect photolysis, APFO was dissolved in 3 separaatrices and exposed to simulated sunlight
for periods of time from 69.5 to 164 hours. Thegeosures tested how each matrix would affect the
photodegradation of APFO. One matrix was a pH 7#dyefl aqueous solution containing®} as

a well-characterized source of OH radicals. Thistéel the propensity of APFO to undergo indirect
photolysis. The second matrix contained®=in water that has been shown to generate hydroxyl
radicals via a Fenton-type reaction in the presewnéenatural and artificial sunlight. The third
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matrix contained a standard solution of humic mialeNeither direct nor indirect photolysis of
APFO was observed based on loss of starting maté?i@dicted degradation products were not
detected above their limits of quantitation. Thems no conclusive evidence of direct or indirect
photolysis whose rates of degradation are highlgesielent on the experimental conditions. Using
the iron oxide (Fg03) photoinitiator matrix model, the APFO half-lifeas/ estimated to be greater
than 349 days.

According to Hori et al., aqueous solutions of PF&#sorb light strongly from the deep UV-region
to 220 nm (Hori et al., 2004). A weak, broad absorp band reaches from 220 to 270 nm (no
absorption coefficient stated). The irradiationafL.35 mM PFOA solution (29.6 pmol) in water
(under 0.48 MPa of oxygen) with light from a xemoercury lamp (no radiant flux stated) for 24
hours resulted in a ca. 44.9 % reduction (13.3 gnodlPFOA concentration. Concentrations of
CO, and fluoride increased simultaneously. Small an®uf0.1-5umol) of short chain
perfluorinated hydrocarbon acids £€;) were detected. The addition of the photocatdlysgsten
heteropolyacid ([PWOad ") or persulfate (80s>) (Hori et al., 2005) accelerates the reaction rate
Due to the short wave length used for irradiatien300 nm) the photodegradation described may
be of limited relevance for an aqueous environrbeihimay be used as a technical process.

In summary no phototransformation of PFOA has beleserved under environmental relevant
conditions.

3.1.1.2.3Phototransformation in soil

No data available

3.1.1.3 Summary on abiotic degradation

On the basis of the available data, abiotic dedmadaf PFOA in the atmosphere is expected to be
slow. The atmospheric lifetime of PFOA has beenlisted to be 130 days (conclusion by analogy
from short-chain perfluorinated acids). In the amusephase PFOA is hydrolytically stable %

92 years) under environmentally relevant conditiand does not undergo direct photodegradation
in natural waters. The estimated half-life for medit photolysis (addition of F©3) is > 349 days.

3.1.2 Biodegradation
3.1.2.1 Biodegradation in water
3.1.2.1.1Estimated data

3.1.2.1.2 Screening tests

Screening tests for the biodegradation of PFOAsamemarized in Table 6.
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Table 6: Summary of screening tests for PFOA/APFO

Test Method Result Reliability | Reference
substance
PFOA OECD 301 C 5 % in 28 days 2 (MITI-List, 2002)
APFO OECD 301 C 7 % in 28 days 2 (MITI-List, 2002)
PFOA OECD 301 F No 2 (Stasinakis et al.,
biodegradation in 2008)
28 days
APFO Shake culture test modelled after the| No 2 (OECD, 2006), (3M
Soap and Detergent Association’s | biodegradation Co., 1978a)
presumptive test for degradation after 2.5 months

A number of studies were already discussed in tBED SIDS Assessment Report (OECD, 2006).
The following text was copied from there:

Using an acclimated sludge inoculum, the biodegtiadaof APFO was investigated using a shake
culture study modeled after the Soap and Deterg§erbciation's presumptive test for degradation
(3M Co., 1978a). Both thin-layer and liquid chromgitaphy did not detect the presence of any
metabolic products over the course of 2 1/2 momtigating that PFOA does not readily undergo
biodegradation. In a related study, 2.645 mg/l AP®@s not measurably degraded in activated
sludge inoculum (Pace Analytical, 2001). Test Basfere prepared using a mineral salts medium,
1 ml methanol, and 50 ml settled sludge. Analysss wonducted with a HPLC/MSD system.
Although the results were deemed unreliable dwee laxk of description of experimental protocols
or indications of a high degree of experimentaloerrseveral other studies conducted between
1977-1987 also did not observe APFO biodegradaffeece Analytical, 1987; 3M Co., 1985; 3M
Co., 1980c; 3M Co., 1979). In addition, a studyawected by Oakes et al.) indicated little biotic or
abiotic degradation of PFOA on a time scale of 3fyg] i.e., the PFOA exposure concentrations
were stable over time and ranged from 84.5 % ta3 %4 of the initial concentrations (Oakes et al.,
2004)

In a 28 day ready biodegradability test (OECD 301 uSing 100 mg/l PFOA and APFO,
respectively, and 30 mg/l activated sludge non-bgpddability was demonstrated. Only 5 %
(PFOA) and 7% (APFO) degradation was observed by B@ITI-List, 2002).

In a further test of ready biodegradability (OEC@L3F) no biodegradation of PFOA was observed
in 28 days (Stasinakis et al., 2008).

In summary, on the basis of the available screetasiy, PFOA is not readily biodegradable.

3.1.2.1.3Simulation tests

No environmental half-lives for PFOA have been rgguh even in the cases where corresponding
tests have been performed (see table 7 below).

14



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Table 7: Summary of simulations tests of PFOA/APFO

Test substance| Method Result Reliability | Reference
PFOA Closed-loop systems in No elimination 3 (Meesters and
laboratory scale; Schroeder, 2004;
Aerobic and anaerobic Schréder, 2003)
conditions
APFO Biodegradation in mixed < 0.6 % of""CO, was 4 (Wang et al., 2005)
bacterial culture and activated detected after 28 days
sludge
Aerobic conditions
Sodium Microcosm study No significant dissipation | 3 (Hanson et al., 2005
pentadeca- Aerobic conditions from water column after 35
fluoro- days (initial concentration
octanoate 0.3 mg/L; 1mg/L; 30 mg/L)
32% dissipation in 35 days
(initial concentration 100
mg/L)
PFOA/APFO 1.Preliminary screening:
PFOA serves as an electron | No significant consumption
acceptor under anaerobic of the initial PFOA during
conditions (in combination 110 — 259 days
with different inoculum)
2. Hypothesis refinement: 2 (Liou et al., 2010)
YC APFO serves as an No loss of APFO
electron_acceptp_r under No production of“CO,
anaerobic conditions - )
No detection of radiolabel
transformation products

In the OECD SIDS Initial Assessment Report it wanatuded that PFOA is not expected to
undergo biodegradation (OECD, 2006). The followtext in italic letters was copied from there:

Schroeder (2003), and Meesters and Schroeder (280d¥tigated the biochemical degradation of
PFOA in sewage sludge in laboratory scale reactéiser 25 days under aerobic conditions PFOA
(initial concentration 5 mg/l) was not eliminategl metabolic processes, mineralization processes
or by adsorption (Meesters and Schroeder, 2004 r&idy, 2003) This study is assessed with
reliability 3 due to significant methodological aeéncies.

Wang et al. studied the biodegradation of fluoter alcohols. Howevet?C-labelled APFO was
used as starting material in this study, too. Th#@s analyzed the headspace of sealed vessels
containing mixed bacterial cultures and vesseldainimg activated sludge from a domestic sewage
treatment plant under continuous air flow. The rdidacterial culture from industrial wastewater
treatment sludge was enriched using 8:2 telomezehal and*“C-labelled APFO, respectively.
However, for using APFO as a starting material etaided information are available from the
report. The authors describe that potential bicaidagion products were separated and quantified by
LC/ARC (on-line liquid chromatography/accurate msotope counting). Transformation products
were identified by quadrupole time of flight maggstrometry. Only <0.6 % dfCO, was detected
after 28 days. The report contains no graphs dhdéurdata to re-evaluate this statement. Although
the study seems to be very well documented4®rabelled 8:2 FTOH, we can only flag the study
with a reliability of 4, since details on APFO aret available. The documentation for the results
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obtained with APFO is missing in the report. HoweWee result indicates that APFO is not
biodegradable within 28 days (Wang et al., 2005).

Hanson et al. performed a microcosm study. Micromosvere approximately 1.2 m deep with a
water depth of 1 m, a diameter of 3.9 m, and aaserfarea of 11.95 m2. Each microcosm had a
capacity of approximately 12 m3 of water. Sedimaorisisted of a 1:1:1 mixture of sand, loam and
organic matter (mainly composted manure). The toé@bon content of the sediment was 16.3%.
Microcosms were circulated for 2 weeks from a viedl-irrigation pond prior to the experiments.
Nominal concentrations of 0.3, 1, 30, and 100 /DA, as the sodium salt, plus controls were
added to the microcosms. Each exposure was randassigned to three separate microcosms from
a total of 15 microcosms. Immediately prior to tneant, water flow into each microcosm from the
main irrigation pond ceased, creating a closedesystelative to the other microcosms and the
irrigation pond.

Water chemistry and PFOA analysis were taken asinee time on a regularly basis. Temperature
and dissolved oxygen content were measured daWater samples were collected with a metal
integrated water column sampler. Integrated subkesrippm at least 4 randomly selected locations
in each microcosm were collected to a total volurhel L. Samples were stored at 4 °C until
analysis. Water samples were analyzed by ion chxagraphy. The mobile phase was 0.5 mM
NaOH, 5 % methanol, and 5% acetonitrile with a fiate of 0.4 mL/min. Injection volumes varied
from 5,10,75, and 200 ul for the 100, 30, 1 andmg3L microcosms, respectively. For each set of
samples analyzed five standards and one qualitiralasample were included at the beginning of
each run and again at the end. Radioactive lagellias not performed. Over a 35-day field study
PFOA showed no significant dissipation from the ewvatolumn. However, at the highest
concentration (100 mg/L) a partitioning from the tg&racolumn into other compartments is
suspected (32% dissipation in 35 days) (Hansonl.e2@05). Since the documentation of the
procedure was insufficient in our opinion the stiglyot reliable (reliability 3).

Liou et al. investigated the anaerobic biodegrddgluf PFOA respectively APFO. In a two-phase
experiment (preliminary screening, hypothesis esfient) the use of PFOA as a physiological
electron acceptor (electron donator: acetate, tiactathanol or hydrogen gas) was studied.
Additionally, the possibility of co-metabolism ofFPA during reductive dechlorination of
trichloroethene and during various physiologicalngitions (aerobic, nitrate-reducing, iron-
reducing, sulfate reducing, and methanogenic) wadyaed. Five different inoculums were used
(from a municipal waste-water treatment plant, stdal site sediment, an agricultural soil, and
soils from two fire training areas). Environmentdmples used as inoculum sources in the
biodegradation experiments were aseptically gathéseerile spatula) placed in 0.5 L sterilized
canning jars (filled to the brim), stored on icethe field, and maintained at 4 °C before being
transferred to an anaerobic hood where samples degassed and dispensed as slurries in
biodegradation assays. Soils and sludges werergdtliom: the Ithaca sewagetreatment plant; a
water-saturated drainage ditch adjacent to the BuBbambers Works waste treatment facility in
Salem County, New Jersey, previously shown to cautyreductive dechlorination (Fung et al.,
2009); the Cornell agricultural field station (Gother silt loam, Ithaca, NY), the Ithaca fire traigi
facility, and the Rochester, NY fire training fatil(the latter two sites were chosen due to paént
contamination with fluorinated fire retardant cheats) (Liou et al., 2010).

For the serum bottle-based biodegradation assagsirtents occurred in triplicats (160 ml serum
bottles with 100 mL of media; live + PFOA and aklbatontrols, autoclaved for 1 h). For tHie-
PFOA experiments, 15-mL serum bottles were utiligg®o Q-free N, headspace, 50% inoculated
anaerobic test medium) with non-radioactive PFOA H&- PFOA (4.5 ICi/mL test medium) to
give a final concentration of 100 mg/L PFOA. Fotabdishing the various terminal electron-
accepting processes, a standard anaerobic procedsresed. The anaerobic mineral salts buffer
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(plus vitamins and trace minerals) was used asewlifufor the various inoculums sources (5%
wt/volume) with addition of electron donors (10 ng#ddium acetate + 40 mM sodium lactate or 0.6
mM ethanol or 2 atm §J or electron acceptors jGas air headspace on-Cree N headspace in
each serum bottle with additions of 30 mM nitratelong mL_1 FeOOH or 10 mM sulfate or 0.4
mM trichloroethene (TCE) or no addition (for the thenogenic treatment)]. Samples (1.0 mL)
were periodically removed from each serum bottlacgd in 4-mL glass vials sealed with Al-
backed caps, immediately mixed with an equal volwhenethanol and stored at 20 °C until
analyzed. Accumulated batches of samples fronnsetials were analyzed for concentrations of
PFOA, YC-PFOA, fluoride, nitrate, sulfate, and potentiaFQA transformation products.
Headspace gases were sampled with a gas-tightgey(R60 mL) and analyzed for TCE, vinyl
chloride and methane. In the radiotracer studysaied*“C activity in the anaerobic medium and
in the 0.4 N KOH solution retrieved from the intakmeservoir to trap*CO, were determined by
scintillation counting. To assay potential micrdhighibition by PFOA, triplicate serum- bottle
assays inoculated with 5% Ithaca sewage were mdpas above. Anaerobic preparations (100
ppm PFOA) were assayed for methanogenesis. Aerpbéparations containing 15 ppm
naphthalene were sampled as above and analyzedghypérformance liquid chromatography
(HPLC). After filtration through nylon acrodisc ti#rs, naphthalene was separated at room
temperature. Methanol-water (1:1) was the mobilesphat a flow rate of 1.5 mL/ min. The eluent
was monitored by UV VIS at 340 nm. Quantificatiorasvdone by comparison to authentic
standards (Liou et al., 2010). PFOA quantificatwas performed by LC/MS/MS following a
standard procedure. Potential PFOA metabolites wereened by applying LC/MS (Liou et al.,
2010).

In no combination of the inoculum source, electonator or physiological conditions a significant
percentage of the initial PFOA (100 ppm and 100) pyds consumed (110-259 days). In a test with
C labelled APFO (inoculum = sewage), no loss of @Rkas detected, nfCO, was produced
and no radiolabelled APFO transformation producs waicated. Co-metabolism of PFOA during
reductive dechlorination of trichlorethene was sgjgd by a drop in PFOA concentration in the
100 ppb treatment after a 65-d incubation. Howewxtensive analysis failed to determine
corroborating transformation products (Liou et 2010).

In summary, under conditions which were examinedthis study, PFOA is environmentally
persistent (Liou et al., 2010).

Although for aerobic conditions no reliable studyavailable, it can be concluded that the above-
mentioned studies support that PFOA respectivelfF@Hs not biodegradable under aerobic
conditions. In the environment aerobic as well ageaobic conditions occur. Hence, simulations
tests under both conditions are necessary for siggethe persistence. In conclusion, degradation
simulation studies on PFOA demonstrate the higkigence of the compound in various media,
like sludge, sediment and water.

3.1.2.2 Biodegradation in sediments

The anaerobic biodegradability of PFOA respectivAlRFO in industrial site sediment was
investigated by Liou et al. (see above 3.1.2.1/18uition tests). No significant amount of the
initial PFOA was dissipated after 259 days.

3.1.2.3 Biodegradation in sall

A number of studies were already discussed in tBE€D SIDS Initial Assessment Report. The
following text was copied from there (OECD, 2006):
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Moody and Field (1999) conducted sampling and asialgf samples taken from groundwater 1 to
3 meters below the soil surface in close proxinatytwo fire-training areas with a history of
aqueous film forming foam use. Perfluorooctanoatss wietected at maximum concentrations
ranging from 116 to 6750 pg/l at the two sites myagrs after its use at those sites had been
discontinued. These results suggest that PFOAe&arhlto groundwater (Moody and Field, 1999).

Extensive site specific monitoring of soil and grduvater concentrations of PFOA and related
substances was conducted by 3M, DuPont Daikin ahdre. PFOA in soil has been shown to
persist for decades and to be a long term souragrafindwater and surface water contamination
(see for example (DuPont Co., 2003; 3M Co., 2005)).

At the DuPont Washington Works site soil contanedaby perfluorochemical waste has been
shown to contain ppm levels of PFOA 3 decades afwlication ceased. The underlying
groundwater also contains ppm levels of PFOA (DuR&m, 1999a).

Extensive field monitoring data generated by 3Mhat Decatur, AL site have also shown that
PFOA is persistent in soils. Soil samples wereeoddld from a former sludge application area of
the 3M Decatur, AL facility also show soil contaation and underlying groundwater
contamination up to ppm levels decades after apfdio ceased.

Moody et al. investigated groundwater at a forme-training area at Wurtsmith Air Force Base
which was used between 1950s and 1993. Groundwateples were collected from two types of
monitoring wells. All samples were collected in thidensity polypropylene bottles. Samples were
shipped on ice without preservation and stored &C4prior to analysis. Perfluorocarboxylate
concentrations were measured as described in tlmviiog: Strong anion exchange disks were
used to extract perfluorocarboxylates (6 to 8 caspdrom groundwater. The perfluorocarboxylates
were simultaneously eluted from the disks and @¢ded to their methyl esters by treatment with
iodomethane for direct analysis by electron impgas chromatography-mass spectrometry (GC-
MS). A single analysis was conducted for each gilawater sample. The detection limit (defined as
a signal-to-noise ratio greater than 3) and quaatibn limit (defined as a signal-to-noise ratio
greater than 10) for perfluorocarboxylates were §Lmand 13 mg/L, respectively, using 2-
chlorolepidine as the internal standard. Additibnatlectron capture negative chemical ionization
GC-MS was employed to confirm the identity of PFQA,groundwater samples (Moody et al.,
2003). Depending on the location of sampling, tbecentrations of PFOA were between 8 pg/L
and 105 pg/L in groundwater. The authors estimttatiperfluorinated surfactants had been in the
groundwater for at least five years and possibly d8 long as 15 years. This showed that
degradation of PFOA was negligible under the emvitental conditions at this site (for both soil
and groundwater) (Reliability = 2) (Moody et alQ(3).

The anaerobic biodegradability of PFOA and APFQpeetively, in soil from two fire training
areas was investigated by Liou et al. (see abal/2.3.3 Simulation tests). No significant amount
of the initial PFOA was dissipated after 259 days.

3.1.2.4 Summary and discussion on biodegradation

PFOA is not ready biodegradable using standardnethods. The results of one non-standard
aerobic biodegradation simulation test, one nonested anaerobic biodegradation simulation test
and field monitoring data on PFOA from contaminateiles provide evidence that no
biodegradation in water, soil and sediment occlire monitoring data show that PFOA in soill
leaches over time and can be a long term sourgederlying groundwater.
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3.1.3 Summary and discussion on degradation

Abiotic degradation

Abiotic degradation of PFOA in the atmosphere igezted to be slow (atmospheric lifetime = 130
days; conclusion by analogy from short-chain perfluated acids). The hydrolytic half-life of
PFOA at 25°C is greater than 92 years, with thetriksly value of 235 years under relevant
environmental conditions. No photodegradation oORFhas been observed in studies conducted
under relevant environmental conditions. The esgoh®Ts, for indirect photolysis is 349 days.

Biotic degradation

Standard screening studies indicate that PFOAtiseanly biodegradable. The results of simulation
tests and field monitoring data give additional gap that no biodegradation in water, soil and
sediment did occur.

Conclusion

The stability of organic fluorine compounds hasrbdescribed in detail by Siegemund et al., 2000:
When all valences of a carbon chain are satisfiefiuorine, the zig-zag-shaped carbon skeleton is
twisted out of its plane in the form of a helix.i§situation allows the electronegative fluorine
substituents to envelope the carbon skeleton caslpland shield it from chemical attack. Several
other properties of the carbon-fluorine bond cdmitie to the fact that highly fluorinated alkanes ar
the most stable organic compounds. These includkripability and high bond energies, which
increase with increasing substitution by fluoriffidne influence of fluorine is greatest in highly
fluorinated and perfluorinated compounds. Propefinat are exploited commercially include high
thermal and chemical stability (Siegemund et &Q00).

Based on their molecular properties it is, thug, swprising, that researchers could not measure
degradation of the intensively studied PFOA oséHs.

In summary, PFOA is very persistent and does ndergo any further abiotic or biotic degradation
under relevant environmental conditions.

3.2 Environmental distribution

3.2.1 Adsorption/desorption

Not relevant for this dossier

3.2.2 Volatilisation

Not relevant for this dossier

3.2.3 Distribution modelling

Not relevant for this dossier
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3.3 Bioaccumulation

3.3.1 General remarks

A commonly agreed descriptor to estimate the bioaedation potential of a substance is its
partition coefficient log kkw between water and-octanol. When evaluating lipophilic substances
this partition model sufficiently mimics the extesit uptake by aquatic organisms. For substances
which tend to dissociate or are prone to form i@tractures the affinity ta-octanol is diminished
resulting in low experimentally observed logyWvalues. In contrast to this assumption, it hasibee
demonstrated from field studies that ionic compaurdn be efficiently taken up by aquatic
organisms and exhibit bioconcentration potentiad.(perfluorooctanesulfonate). Similar problems
emerge when assessingoK for surface active compounds. In biphasic testtesys these
surfactants will aggregate in multi-layers or miaelstructures yielding colloidal dispersed
solutions rather than a partition equilibrium. lock cases an experimental determination of
log Kow is hardly feasible.

Nevertheless, in account of the notable water sdlof PFOA, the high degree of dissociation
(low pK, value) as well as the inherent lipid repellenegised by the perfluorinated alkyl chain, the
coefficient Kow is hypothesized to be low.

With this approach no preliminary estimation of fibke bioconcentration can be gained.
Nevertheless, results from studies which do nat$am ko show that PFOA bioaccumulates.

This issue has been discussed in detail in the OBICIS Initial Assessment Report for PFOA. For
consistency, the following text was copied her#ahc letters (OECD, 2006):

PFOA does not behave like lipophilic compounds @aumulate in fat tissues. For lipophilic
substances, accumulation is expected prefereniialliye fat tissues. Due to the perfluorinatiore th
hydrocarbon chains are oleophilic and hydrophobicdathe perfluorinated chains are both
oleophobic and hydrophobic. In addition, functiommbups attached to the perfluorinated chain
(e.g., a charged moiety such as a hydroxyl grouputionic acid) can impart hydrophilicity to part
of the molecule. Hydrophobicity is unlikely to I tsole driving force for the partitioning of
perfluorinated substances to tissues because thephbbic repellency opposes this partitioning
process. Perfluorinated substances are also inically polar chemicals because fluorine, a highly
electronegative element, imparts polarity. Thusrflperinated substances have combined
properties of oleophobicity, hydrophobicity, anddigphilicity over portions of a particular
molecule. Due to these properties, the assumphanthe traditional hydrophobic and lipophilic
interactions between compound and substrate arendie mechanisms governing partitioning may
not be applicable for PFOA.

According to the revised Annex XlII not only themarical bioaccumulation (B) criterion based on

bioconcentration factors can be used to assedsidhecumulation potential of a substance but also
other information can be used. These informatiorthenbioaccumulation potential are measured
elevated levels in biota, information on the apibf the substance to biomagnify in the food chain,
data from analysis of human body fluids or tissaled assessment of toxicokinetic behaviour of the
substance should also be considered for the assetsising a weight-of-evidence approach. New
sections 3.3.4 and 3.3.5 are added to include datzhon PFOA.
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3.3.2 Bioaccumulation in aquatic organisms

3.3.2.1 Bioconcentration factor BCF

Bioconcentration is the process by which a cheneoétrs an organism and/or is adsorbed on to it
as a result of exposure to the chemical in watédroften refers to a condition usually achieved
under laboratory and steady state conditions. TG& B typically measured as the ratio of the
chemical concentrations in the organism and themaice a steady state has been achieved:

B CF — CBio’[a
CWater

or alternatively be determined kinetically by usthg uptake rate;kand the depuration rate: k

BCE=

2

The bioconcentration of PFOA has been discusselttail in the OECD SIDS Initial Assessment

Report for PFOA. For consistency, the following ttexas copied here in italic letters (OECD,
2006):

To determine bioconcentration of PFOA, rainbow trauere exposed in a flow-through system for
12 days followed by a depuration time of 33 dayfsash water to determine tissue distribution and
bioconcentration (Martin et al., 2003a). For detenation of bioconcentration, juvenile fish (5-

10 g) were exposed to a concentration of 1.5 pgé flow-through system. At 7 occasions during
uptake period and 9 occasions during depuration sghdish were removed to determine the
kinetics of uptake and depuration. Additionallyr the tissue distribution study, four immature
trout (30-48 g) were exposed in separate tanksihder the same uptake conditions.

PFOA concentration was highest in blood, kidneyeriand gall bladder and low in the gonads,
adipose and muscle tissue. Within the blood, tlasrph contained between 94 — 99% of PFOA,
with only a minor fraction detectable in the cedlufraction. Recovery from hearts and spleen was
low (<10%).

A steady state was reached during uptake time.aVishiservation of depuration data indicated
possible biphasic depuration in blood, liver andrazess. However, this could not be verified
statistically because of the small sample size.folh@wving BCFs are calculated:

BCFcarcass= 4.0 (+- 0.6); depuration half-life: 5.2 d#0.67)
BCFyiood = 27 (+- 9.7); depuration half-life: 4.5 d#1.6)
BCRiver = 8.0 (+- 0.59); depuration half-life: 3.9 d#0.28)

PFOA occurs mainly in muscle, blood and organse(likidney) but not in lipid tissue and is
reported for other species such as birds and mamimnakeveral authors.

Fathead minnows (Pimephales promelas) were exposeBOA in a static system to a
concentration of 25 mg/L for 13 days, followed epuration phase of 15 days. A BCF of 1.8 was
calculated (3M Co., 1995).

Daikin performed a bioaccumulation test accordirg @ECD Guideline 305, with the carp
Cyprinus carpio (Daikin, 2000). The fish were exgbt PFOA concentrations of 5 and 50 pg/l for

21



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

28 days. For the higher concentration of 50 udfe steady state was reached after 16 days and a
BCF of 3.2 was calculated. For the lower concemndmratof 5 pg/l, a BCF of 9.4 was determined
after 16 days; this level was reducecktd.1 after 28 days. No steady state was reachatent of
exposition. Although experiments with fish and o#upiatic species provide evidence that PFOA is
not highly bioaccumulative, these results shoult ve extrapolated to other animals. Fish gills
may provide an additional mode of elimination ampdake which birds, terrestrial organisms, and
marine mammals do not possess (Kelly et al., 2004).

The BCFs reported from laboratory experiments amemsarized in Table 8.

Table 8: Examples of measured bioconcentration facts (BCF) of PFOA

Location Species (tissue) BCF Reliability Referemc
Laboratory Fathead minnow 1.8 2 (3M Co.,

1995)
Laboratory Rainbow trout (Carcass) 4.0+0.6 2 (Martin et al.,
Laboratory Rainbow trout (Blood) 27 +£9.7 2003a)
Laboratory Rainbow trout (Liver) 8.0 £0.59
Laboratory Carp 3.2-94 4 (Daikin, 2000)

Conclusion: BCFs for PFOA are below 2000, indiaatio bioaccumulation in aquatic organisms
due to uptake from the aqueous phase by diffusianhe gills. The high water solubility of PFOA
may enable fish to quickly excrete this substarieegitl permeation, facilitated by the high water
throughput (Kelly et al., 2004; Martin et al., 2@)3Martin et al.,, 2003b). However,
bioconcentration values in fish may not be the mektvant endpoint to consider, because other
mechanisms of accumulation might be of relevance.

3.3.2.2 Bioaccumulation factors (BAFs)

In field studies on bioaccumulation of chemicalgdmicumulation factors (BAF) are measured. The
BAF is typically measured in the field as the ratiothe chemical concentrations in the organism
and the surrounding medium (e.g. water in natwasgstems). In contrast to the BCF, the uptake is
not only limited to exposure via water but all resiincluding diet contributes to the concentration
in organisms:

BAF - CBiOta
C\Nater

where chemicals concentration in the organispadicis usually expressed in units of gram of
chemical per kilogram of organism. The weight & tirganism can be expressed on a wet weight
basis or appropriately normalized, if needed, (émd- or protein-normalized) (Conder et al.,
2011). BCFs are measured under controlled labgratonditions, whereas the BAF is a field
measurement and therefore different from BCF. Ounpetaken into the body, perfluorinated
substances tend to partition to liver and bloodweler, most field measurements for these
substances have been performed on those indivaigahs and tissues. This is especially true for
organisms at the higher trophic levels (e.g., pbkar), where whole-body analysis is not feasible
for ethical reasons and due to the challengingstag with respect to sampling and laboratory
constraints. While it is feasible to measure wHodely BAFs on smaller species at lower trophic
levels, the lower trophic status of the organismansethat the estimated overall BAFs for
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perfluorinated substances may be underestimateds, Thom a toxicological perspective, BCFs,
BAFs and BMFs based on concentrations in individuglans, such as the liver, may be more
relevant when the potential for direct organ-spedixicity (i.e. liver toxicity) is being predicte

On the other hand BCFs and particularly BMFs basedoncentrations in whole organisms may
provide a useful measure of overall potential fansfer up the food chain.

Although some authors describe BCF values in tligid studies, BAFs would be more
appropriate, because it cannot be excluded thatested organisms did not take up PFOA via the
diet. BAFs are given in Table 9. The following temtitalic letters was copied from the OECD
SIDS Initial Assessment Report for PFOA (OECD, 2006

Martin et al. (Martin et al., 2003b) exposed juMemniainbow trout (Oncorhynchus mykiss) for 34 d
to PFOA in the diet, followed by a 41 day depunatmeriod. During the uptake period, animals
were daily fed with spiked food (0.42 mg PFOA/kgdjoat a rate of 1.5 % food per fish.
Assimilation efficiency (% of PFOA absorbed relatiw the amount fed) was 59 %, indicating
efficient absorption from food. At 6 occasions dgruptake period and during depuration period,
fish were removed to determine the kinetics of kgtand depuration. Carcass and liver
concentrations were determined by using liquid amatography-tandem mass spectrometry, and
kinetic rates were calculated to determine bioacglation parameters.

The carcass uptake curves clearly showed by viegpkction, that the slope of the curve levels off
by the end of the uptake period. According to ththaers the steady state was reached after 10
days.A depuration half-life time of 3d#(0.42) and a BAF (Bioaccumulation factor) of 0.038
(#0.0062) were determined.

The bioaccumulation of PFOA in the wild turtles dmamys scripta elegans and Cinemy reevesii
was reported by Morikawa et al. 2005. Serum come#éions of PFOA from 94 turtles were
compared to surface water samples from the sitheofurtle capture for several rivers in Japan. In
Ai River water concentrations up to 87,100 ng/l sveeported. Serum concentrations in turtles
collected in Ai River ranged from 47.1 to 115.61ntie corresponding BCEum values ranged
from 0.9 to 2.9. In Taisyo River water concentmasi@f 42.3 and 63.4 ng/l (two samples) and 9800
ng/l (one sample) were detected. Serum concentiatid 0.4 and 1.0 ng/l were reported for the
turtles collected in low water concentration sidasd 7.6 ng/l were reported for turtles collected i
high water concentration sides; corresponding B&jmof 10-15.8 and 0.8 to 15.8 were reported
with surface water concentrations ranging from 287,100 ng/IHowever,as the wild turtles’
exposure to PFOA was probably not limited to swefaater only, the BCFs reported by Morikawa
et al (Morikawa et al., 2005) may actually be BAFs.

Quinete et al. investigated the accumulation of RE®OmMussels (n=3-4), fish (7-15), and dolphins
(n=10) at different sampling sites in south eastrazil. BCFs (BAFs) were calculated based on
PFOA concentrations measured in water and fistectl from the sample area. Up to 3.3 fig L

PFOA were found in water. BCFs (BAFs) for differaptecies ranged from 0.9 (croaker) to 266
(mussel) (Quinete et al., 2009).

Loi et al. investigated a subtropical pelagic foeeb in a nature reserve including phytoplankton
(n=1), zooplankton (n=2), gastropod (n=3), wormA#8}, shrimp (n=2-3), fish (n=2-6), and water

bird (n=3). Samples were collected between 2008 201D. Surface water (n=12) and sediment
samples (n=6) were collected concurrently withltleta samples. Livers samples from water birds
were all collected in 2003. A BAF for the phytoptson for PFOA of 292 was derived (Loi et al.,

2011).
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Table 9: Examples of measured bioaccumulation facts (BAF) of PFOA

Location Species (tissue) BAF Reliability Refererc
Laboratory juvenile rainbow trout 0.038 2 (Martin et al.,
(Carcass) 2003b)

Brazil, Paraiba do Sul River Scabbardfish 22-11 |2 (Quinete et al.,

Brazil, Paraiba do Sul River Croaker 18- 96 2009)

Brazil, Guanabara Bay Scabbardfish 18-44

Brazil, Guanabara Bay Croaker 09-28

Brazil, Guanabara Bay Mullet 8.1-14

Brazil, Guanabara Bay Mussels 63.5 - 266

Japan, Ai River Turtles 09-29 2 (Morikawa et

Japan, Taisyo River Turtles 0.8-15.8 al., 2005)

Mai Po Marshes Nature Reserve Phytoplankton 292 2 2%oi )et al.,
11

Conclusion: Most BAFs for PFOA are below 2000, gading no bioaccumulation in aquatic
organisms. Again, the notable water solubility 8fiGA may enable fish and mussels to quickly
excrete this substance via gill permeation, fadét by the high water throughput (Kelly et al.,
2004; Martin et al., 2003a; Matrtin et al., 2003b).

3.3.2.3 Biota-sediment accumulation factors (BSAFs)

For evaluation the bioaccumulation potential ofrafeals also biota-sediment accumulation factors
(BSAFs) can be used. BSAFs are field-based measmtsnfior the chemical concentration in the
organism and the sediments calculated accorditigetéollowing equation:

BSAF - CBiota

Sediment

Whereas Giota iS the chemical concentration in the organism at sady-state, and GedimentiS
the sediment chemical concentration at steady-sta{€onder et al., 2011).

For assessing the bioaccumulation from fresh wsgeliments (n=3) a study using oligochaete
Lumbriculus variegatusvas commenced (Higgins et al., 2007). This berdelling worm
species is a deposit feeder and serves as anpmiiyfor sediment-bound contaminants into food
webs. During the screening one uncontaminated fiettiment, laboratory-spiked with PFOA, and
two contaminated field sediments were applied, eesypely. After attaining steady state (56 days)
in all cases the calculated BSAFs ranged from @©3%52 and from 94 to 95 in a lipid-normalized
approach. These results indicate an uptake of P&®@ing worm’s sediment ingestion.
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Table 10: Biota-sediment accumulation factors (BSAFanalyzed with L umbriculus
variegatus

Location Species (tissue) BSAF Reliability Referae
Lipid non lipid- 2
normalized normalized
Downstream from | Sediment 1 (CA1 (56 | 95 £ 20 0.74+£0.12 (Higgins et
two WWTP, days al., 2007)
California
Sediment 2 (CA2 (56 | 94 +14 0.52 +0.07
days
Laboratory estimated steady-state| 33 + 12 0.95+0.13
values

Conclusion: Only one study is available for BSABs PFOA. The lipid normalized steady state
BSAFs are above 1 and support that PFOA bioaccuesulan Lumbriculus variegatesThe
available non lipid normalized data are, howeveloWw 1.

3.3.2.4 Biomagnification factors (BMFs)

Besides bioconcentration also biomagnification dbss the potential of a chemical to
bioaccumulate. Biomagnification factors (BMFs) dag measured in the laboratory in a fashion
similar to that used in the OECD and US-EPA bioemt@tion test protocols. Organisms are
exposed to a chemical preliminary via diéte BMF test typically includes an uptake phasesneh

levels of chemicals are followed over time, idealhtil the chemical concentration in the organism
no longer changes with time (i.e., reaching thadyestate). If a steady-state cannot be reached in
the experiment, the uptake phase is followed bgudation phase where organisms are exposed to
uncontaminated food. The rate of decline in chehioacentration over time measured in the
depuration phase can then be used to derive thaichleuptake rate from which a hypothetical
steady-state concentration can be estimated (Catadér, 2011).

The laboratory-derived BMF is calculated using thigo of the chemical concentrations in the test
animals at steady-state and their diet:

B M F - Cbiota

diet

where chemical concentration in the organism,off and its diet (Ge) are appropriately
normalized, if needed, (e.g., lipid- or protein4matized) (Conder et al., 2011).
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BMF values based on field studies are based oratieeof the concentration in the predator and the
prey:

C redator
BMF i) = é t

prey

There are several uncertainties concerning fielded BMFs similar to field based trophical
magnifacation factors which regard food webs. Thareebiological, ecological factors which can
influence the outcome of a BMF. Additionally asréheés no standard procedure so far how to
conduct such filed studies and therefore differgntly designs may too have an influence. The
uncertainties of field studies have been addresseddiscussed by Borga et al. (2011). As the
authors actually refer to field based trophical nitsgation factors a summary of the discussion has
been included in chapter 3.3.2.5 trophic magniiocatactors.

Problems arise with increasing body size of predatecause analysis is based on tissue or serum
samples. Whole-body analysis is not feasible fhicat reasons, i.e. a whole whale would be
needed, and due to the challenging logistics wepect to sampling and laboratory constraints.
Therefore, some of the derived BMF-values are imtett to certain tissue samples rather than
whole body samples. BMF values based on liver sasnphay be over estimative. From a
toxicological perspective concentrations in induatl organs, such as the liver, may be more
relevant when the potential for direct organ-speddxicity (i.e., liver toxicity) is being prediet.
Whole body values may be estimated if the tissussnfeaction is known for the organism
regarded. There may however be some uncertaintiesta inter individual and geographical
differences (Houde et al., 2006).

At present no internationally accepted trigger eatar BMF exists. The question whether only
enrichment of a substance in predator proofs biarfiagtion or whether transfer from prey to
predator already may be sufficient still is up dscussion. Additionally, experiences with revision
or development of test guidelines show that evdrstsunces known to be bioaccumulative may
show only BMF < 1 in laboratory test systems. Hogrekeeping this in mind a BME 1 will be
used here as trigger value for the sake of decisiaking. BMFs for PFOA are summarized in
Table 11.

Transfer of PFOA was elucidated in Lake Ontario ifvieet al., 2004b) including one 4-membered
pelagic food chain. Whole body samples were calbcTwo macroinvertebrate®iporeia and
Mysig were considered as primary prey whereas rainbow inhabited the top predator’s position.
Lake trout samples were taken at various locatan years (1980-2001) in Lake Ontario. Seven
samples were selected every three years (i.e. iwidndl fish samples per year). Forage fish
species, including sculpin, smelt, and alewife, eveollected on October 9th 2002 at an offshore
site near Niagara-on-the-Lake, Lake Ontario. Imhstemplary food chains no stepwise as well as
overall biomagnification could be proven. Due tce tinherent uncertainties correlated with
constitution of diet 4 individual combinations @imbow trout and its prey were regarded. In all
examples BMF ranged between 0.02 and 0.63 (TableAklthis study was conducted with fish
uptake of PFOA may not have occurred exclusivelgrodiet but also over the gills. Thus the
factors may be more accurately addressed as BABtriking finding of this study was the
unexpectedly high content of PFOA in both macreentebrates occupying the lowest trophic level.
Proportions inDiporeia were as high as 90 ng/g and the mechanism leddirtlgis exceptional
accumulation still needs to be unravelled. As asegoence sculpin d3iporeia’s consecutive
predator still shows significant levels of PFOA (@gg). Although no biomagnification can be
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proven, accounting for this elevated levels Diporeia PFOA is still arousing suspicion of
bioaccumulation.

Tomy et al. analysed an East Arctic food chain astuding marine mammalians (n=5-7). Again,
as outlined in the previous investigation, out lbfexamined organisms zooplankton (n=5) as the
initial part of a food web exhibited the highestdeof PFOA (2.6 ng/g). For consecutive segments
of food chains, based on zooplankton, BMF valueewalculated far below 1 (Table 11). Samples
were taken from different years. This may influetioe interpretation of the food web transfer due
to temporal changes of the PFC concentration. @mther hand the Arctic as a remote area may be
less prone to temporal changes and the existenpeintf sources there is unlikely. Problems arise
with increasing body size of predators becauseyaisalk based on tissue or serum sampldslgv
body analysis is not feasible for ethical reasoms due to the challenging logistics with respect to
sampling and laboratory constraints. Therefdo#, walrus, narwhale and beluga whale only liver
concentrations were assessabl®m a toxicological perspective concentrationgnitividual organs,
such as the liver, may be more relevant when thengial for direct organ-specific toxicity (i.eiyér
toxicity) is being predicted. Howevein order to gain comparable factors recalculation o
extrapolation from liver or serum concentrationswioole body burdens is necessary though the
required estimation may imply uncertainties. Sunheatimation was, however, not conducted in
this study. Therefore, the resulting BMFs will pabity be overestimated and the three stated BMFs
exceeding one have to be regarded with precadfiablé 11) (Tomy et al., 2004).

Tomy et al. also investigated beluga whale, ringeal, fish pelagic amphipod and arctic copepod
of the Western Canadian Arctic. The animals setkatere from the sample archived repository at
Fisheries and Oceans, Canada. Blubber and liveeloiga (n = 10, all males,) from Hendrickson

Island and ringed seal (n = 10, all males) fromriklnt Island were collected in 2007 and 2004,
respectively. Fish species collected in 2004 areb4fcluded the marine pelagic Arctic cod (n =

10) from the Amundsen Gulf, the marine coastal fiRaberring (n = 10) from the Mackenzie Shelf

and the anadromous Arctic Cisco (n = 9) from theckémzie estuary. The marine pelagic

amphipod Themisto libellula (pooled samples, n =a@§l the marine Arctic copepod Calanus
hyperboreus (pooled samples, n = 5) were collerte2004 from the eastern Beaufort Sea and
Amundsen Gulf region. As the authors state theneseldifferences in sampling years may
influence the interpretation of the food web transfAgain some of the derived BMF-values are
restricted to the liver and the resulting BMF magy diver estimative. The BMF-values reported
range from 0.1 for ringed seal liver/arctic codelivand 2.2 for arctic cod liver/marine arctic

copepod (Tomy et al., 2009).

Also Houde et al., assume an overestimation ofBi- if it is not based on whole body. Thus,
they claim that utilization of serum or liver contetions of dolphins will overestimate the BMF
by a factor of 10-30. In the course of the studpRFserum concentrations in bottlenose dolphins
were examined at two different habitats. Charledttambor and its tributaries (i.e., the Cooper,
Ashley, and Wando rivers) and the Stono River egfudouth Carolina, and in Sarasota Bay,
Florida. Marine water (n=18), surface sediment (fjzJAtlantic croaker(n=3), pinfish(n=4), red
drum (n=8), spotfish (n=10), spotted seatrout (N=%friped mullet (n=8), and bottlenose dolphin
samples (n=24) were collected around the Charleldtanbor area. Marine water (n=10), surface
sediment (n=8), zooplankton 8n03), sheephead (nh=pigjish (n= 10), pinfish (n=10), striped
mullet (n=9), spotted seatrout (n=8), and bottlendslphin samples 8n=12) were collected at
Sarasota Bay. Dolphin plasma, skin, and teeth weliected from both locations. Additionally,
dolphin tissue samples (i.e., liver, kidney, mushkiags, heart, thyroid, and thymus) were collected
of recently deceased bottlenose dolphins from $taaBay (2002, n = 1, male, 233.5 kg) and
Charleston (2003, n = 1, female, 708.4 kg). Adddioliver (n = 6) and kidney (n = 6) samples
collected from stranded bottlenose dolphins weeslable at Sarasota Bay. Samples were collected
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between 2002 and 2004. In a more industrializedtion showing averaged PFOA concentrations
of 9.5 ng/L in water serum concentrations of 43ngére measured. Unfortunately, concentrations
in other representative fish species originatednfrdifferent years, thus, entailing additional

uncertainty when assessing BMF through the foodnchiamay be assumed that media and biota
were continuously exposed to PFOA in this areautpnout the years. Regardless of this, BMFs
ranging from 1.8 to 13 for seven individual dolpbrmey relationships were stated using

recalculated PFOA whole body burdens for dolphiot B has to be pointed out that averaged
PFOA concentration in all other fish were generddblow 2 ng/g and exhibited high standard
deviation. At the other less contaminated loca{®6 ng/g PFOA in water) serum concentration in
dolphin was analyzed for 3.4 ng/g and whole bodsdéen in all other fish were below 0.5 ng/g

(Houde et al., 2006a).

Butt et al. conducted a study in the Canadian Ar®inged seal liver samples (n=10 per site) were
provided by local hunters from 11 different locasan the Canadian Arctic. The age of the animals
was determined via tooth aging and for a few samie age was estimated using length-age
correlations. Stable isotope analysis was done Whihto **N and*°C to *?C. Based on liver
samples from polar bears obtained from anotherystimdl ringed seal data measured in this study
BMFs were calculated. The polar bear sample sigre @wssociated with ringed seal populations. In
four different regions these factors ranged fromta@t325 with a mean of 79. However, the sample
collection year for ringed seal populations varfedm 2002 to 2005, and it is possible that
interpretation of spatial trends may be confountgdemporal variations of PFC concentration
within seal populations (Butt et al., 2008).

Various predator prey relationships in the Westezkte (Netherlands) were investigated by van
Heuvel-Greve and co-workers. Samples (n=3-4) welleated in 2007 and 2008. The trophic level
was estimated based on stable isotope (15N) araBBFs were considerable for harbor seal as
well as for the sediment dwelling flounder (Envineent Canada, 2012; van den Heuvel-Greve et
al., 2009)
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Table 11: Biomagnification factors (BMF) for PFOA

Location Species (tissue) BMF Reliability Referere
Lake Ontario Lake trout/alewife 0.63 2 (Martinabt 2004b)
Lake Ontario Lake trout/smelt 0.50
Lake Ontario Lake trout/sculpin 0.02
Lake Ontario Lake trout/prey (weighted) 0.41
US, South Carolina Seatrout/pinfish 7.2 2 (Houdal e2006a)
US, South Carolina Dolphin (whole, 13
estimated)/striped mullet
US, South Carolina Dolphin (whole, 13
estimated)/pinfish
US, South Carolina Dolphin (whole, estimated)/red| 2.7
drum
US, South Carolina Dolphin (whole, 2.3
estimated)/atlantic croaker
US, South Carolina Dolphin (whole, 6.4
estimated)/spotfish
US, South Carolina Dolphin (whole, 1.8
estimated)/seatrout
Eastern Arctic Walrus (liver)/clam 1.8 2 (Tomy &t 2004)
Eastern Arctic Narwhal (liver)/arctic cod 1.6
Eastern Arctic Beluga whale (liver)/arctic cog 2.7
Eastern Arctic Beluga whale (liver)/ redfish 0.8
Eastern Arctic Black-legged kittiwakes 0.3
(liver)/arcitc cod
Eastern Arctic Glaucous gulls (liver)/arctic cod 6 0.
Eastern Arctic Arcitc cod / zooplankton 0.04
Canadian Arctic Polar bear (liver)/ ringed seal | 45-125 | 2 (Butt et al., 2008)
(liver)
Western Canadian Arctic Ringed seal (liver)/ arctic cod | 0.1 2 (Tomy et al., 2009)
(liver)
Western Canadian Arctic Beluga whale (liver)/ arctic cod| 0.9
(liver)
Western Canadian Arctic Beluga whale (liver)/ Pacific 13
herring (liver)
Western Canadian Arctic Beluga whale (liver)/ arctic 0.7
cisco (liver)
Western Canadian Arctic Arctic cod (liver)/ marine arctic| 2.2
copepod (whole body)
Western Canadian Arctic Arctic cod (liver)/ marine 0.8
pelagic amphipod (whole body
Westerschelde, Netherland Zooplankton/ herring 162 (Environment Canada,
: 2012; van den Heuvel
Westerschelde, Netherland Herring/ sea bass 0.6 Greve et al., 2009)
Westerschelde, Netherland Herring/ harbour seal 14
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Westerschelde, Netherland | Sea bass/ harbour seal (benthic23
food web for harbour seal

Westerschelde, Netherland Peppery furrow shellintter 31

Westerschelde, Netherland Lugworm/ flounder 0.03

Westerschelde, Netherland | Flounder/ harbour seal (pelagic¢ 3.8
food web for harbour seal)

Brazil, Paraiba do Sul River | Croaker (liver) or scabbardfish| 1.3-2.6 | 2 Quinete et al., 2009
(liver)/ftucuxi dolphin (liver)

Conclusion: The biomagnification potential of PFQvas investigated in several field studies.
Especially for dolphin, walrus, narwhal, polar heanctic cod and harbour seal, BMFs greater than
one have been reported, indicating biomagnificahin the food webs.

3.3.2.5 Trophic magnification factors (TMFs)

The trophic magnification factor (TMF) is a meastoevaluate biomagnification occurring in food
webs. In the Guidance Document on Information Reguents, Chapter R.7.10.1.1, TMF is
defined as the concentration increase in organigitiisan increase of one trophic level. According
to Conder et al., TMFs represent some of the mostlasive evidence of the biomagnification
behaviour of a chemical substance in food webs ¢€oet al., 2011). Again, a TMF greater than
one indicates accumulation within the food chain.

There are several uncertainties concerning TMFesé&thave been addressed and summarized by
Borga et al. (2011). There are biological factarshsas the differences between poikilotherms and
homeotherms, sex, different energy requirementgrdnt abilities to metabolize chemicals and
slow or fast growing organisms.

Steady state between a consumer and its diet usn@sk However, as opportunistic feeders wild
animals vary their diet over seasons or with lif@ge and point sources may influence observed
TMFs. Additionally, apart from the diet there isvalys the possibility of a direct uptake of the
substance under scrutiny and the relative impoetamic food versus e.g. water exposure can
influence the magnitude of the TMF. The positiontle food web is quantified using relative
abundances of naturally occurring stable isotofged 8°N/*N, referred to ag*>N). However the
relative abundance of these isotopes and thusdtezndination of the trophical level and TMF is
influenced by the physiology of the organism arsdlife trait history. Rapid growth with a higher
protein demand for new tissue leads to lower enrafit factors than those with slower growth
rates. Insufficient food supply and fasting andh&ttion leads to catabolism of body proteins and an
increase of°N in organisms relative to those organisms withqadée food supply. There is no
standard procedure for the conductance of TMF &#ldies. Hence, the conductance and sampling
may vary between different studies. Disproportiensampling of the food web or unbalanced
replication of samples may significantly influertbe TMF.

Additionally, as already discussed in the BMF ckagtmple collection is often restricted to tissue
or serum samples with increasing body size of pgoedadue to ethical reasons and due to the
challenging logistics with respect to sampling &tabratory constraints.

The following text in italic letters was copied finothe OECD SIDS Initial Assessment Report for
PFOA (OECD, 2006):
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Martin et al. (Martin et al., 2004b) examined PF@#Antents in the food web from Lake Ontario
(Canada). Adult lake trouts (top predator) wereledled at various years and locations in Lake
Ontario. Samples of prey fish (sculpins, smelts alesvifes) and macroinvertebrates (Mysis sp.,
Diporeia sp.) were collected at one location in @her 2002. Lake trout samples analyzed
represented individual whole fish homogenates. dther species were processed as composites of
whole individuals. The mean PFOA content in Dipargp. and sculpin was 90 ng/g and 44 ng/q,
respectively. In the other fish samples contents.@fo 2.0 ng/l and in Mysis sp. of 2.5 ng/g could
be detected. The authors note that Diporeia sp. ienthic invertebrate species, and sculpins feed
mainly in the benthic environment. Benthic contation may therefore be the source of
contamination of this food web. As PFOA contergradators is lower than in prey species trophic
biomagnification of PFOA in the food web of LakeaDio is unlikely to occur.

Trophic transfer of PFOA and other related perfliiated compounds was examined in a Great
Lakes benthic foodweb including water — algae fa@bussel — round goby — smallmouth bass. In
addition, perfluorinated compounds were measurelivars and eggs of Chinook salmon and lake
whitefish, in muscle tissue of carp, and in eggsbafwn trout. Similarly, green frog livers,
snapping turtle plasma, mink livers, and bald eagiesues were analyzed to determine
concentrations in higher trophic-level organismstie food chain. Biotic samples were collected
from several rivers in Michigan and in the Calur®eter in Indiana, USA. PFOA-concentrations in
two of the sampling sites, Raisin River and Stir®Réaver, were 14.7 and 4.5 ng/l, respectively. The
concentrations of PFOA in all tissue samples webbeva detection limit but below the LOQ.
Therefore, biomagnification of PFOA in the Greatkka benthic foodweb is unlikely occur
(Kannan et al., 2005).

Houde et al. investigated the food web of bottlendslphins. The results are summarized in Table
12. The authors sampled different biota, i.e. Attanroaker (n=3), pinfish (n=4), spotfish (n=10),
spotted seatrout (n=11), striped mullet (n=8) amm@es from bottlenose dolphins (n=24), as well
as water (n=18, samples analyzed in duplicate)samthce sediment (n=17, samples analyzed in
triplicate). Sample collection was conducted betw2@02 and 2004. Based on stable isotdpé) (
analysis the trophic level of each biota sample determined. PFOA was analysed in plasma and
liver of dolphins and afterwards a whole body burdeas calculated. For prey whole body
homogenates were analysed for PFOA. The TMF fotidfzeluga whale was calculated on the
basis of liver samples of beluga whale (n=5) amvhal (n=5) from another study. For estimating
the trophic magnification on the basis of the whiotely, the weight of the animals tested in the
former study was estimated, as well as the weightheir organs and plasma volume. It was
assumed that the anatomy of dolphin and belugaridas. The available dolphin anatomy data
such as organ proportion compared to the entirg late extrapolated to beluga and narwhal. The
authors conclude that the TMF for PFOA is >1 whsimgl liver measurements and <1 when using
whole marine mammal body burdens. The authors adecfurther, that TMFs based on liver
samples overestimate biomagnification. However,clleulated TMFs are due to above described
estimations not reliable for the Arctic and shothérefore be used with caution (Houde et al.,
2006a).

Kelly et al. measured PFOA in the Canadian Arctarime food web. Concentrations in sediment
(n=9) and in different organisms (lichens, macraal¢n=6), bivalves, fish (n=3-6)) and tissues and
organs (stomach contents, liver, muscle, blubbel/canmilk) of common eider ducks (n=5),

seaducks (n=4), and marine mammals beluga whatesraged seals to calculate TMFs (Table 12).
Sample collection was conducted between 1999 af8 abng the eastern Hudson Bay coastline
in close proximity to the Inuit village Umiujaq. PR was measured in different tissues/fluids of
the beluga whale including blood (n=18), musclel1@) liver (n=22), milk (n=6) and also in

foetuses (n=2). The authors showed that PFOA espeaccumulates in protein rich compartments
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such as blood and liver and that the TMF of perfhated compounds such as PFOA correlates
with the partitioning behaviour between protein amater and protein and air. Comparisons of
different food webs show that the TMF is below amahe case of piscivorous food webs if air

breathing organisms are excluded but becomes l#ngarone if air breathing organisms are taken
into account (Kelly et al. 2009).

TMFs for PFOA are summarized in Table 12.
Table 12: Trophic Magnification Factors (TMF) of PFOA

Location Species (tissue) TMF Reliability Referenc
Lake Ontario Diporeia/slimy sculpin 0.37 2 (Maréihal., 2004b)
Lake Ontario Mysis/alewife/rainbow smelt/lake 0.58 (Martin et al., 2004b)
trout
US, South Carolina | Dolphin plasma croaker, pinfish,| 13 £+ 22 2 (Houde et al., 2006a)
spotfish, spotted seatrout
US, South Carolina, | Whole dolphin burden 6.3+£6.7 (Houde et al., 2006a)
Arctic Beluga Whale/narwhale liver 16+3 3 (Howteal., 2006a)
Arctic Whole beluga whale/narwhale | 0.3 £0.3 3 (Houde et al., 2006a)
burden
Hudson Bay (north- | Sediment/ macroalgae/ bivalves/ 2.33-4.61 2 (Kelly et al., 2009)
eastern Canada fish/ seaduck/ beluga whale 1.4-2.64
(protein
corrected)
Hudson Bay (north- | Sediment/ macroalgae/ bivalves/ 0.3-0.53
eastern Canada fish (protein
corrected)
Westerschelde, Sea bass/ harbour seal (benthic| 1.2 2 (Environment Canada,
Netherland food web for harbour seal 2012; van den Heuvel-
Greve et al., 2009)
Westerschelde, Flounder/ harbour seal (pelagic | 1.2 (Environment Canada,
Netherland food web for harbour seal) 2012; van den Heuvel-
Greve et al., 2009)
Mai Po Marshes Phytoplankton/zooplankton/gastfad0.93-1.07 2 (Loi etal., 2011)
Nature Reserve pod/worm/shrimp/fish/waterbird
liver

Conclusion: A number of field studies are availalleich analyzed the trophic magnification
potential of PFOA. For food chains of dolphin, lmuvhale, and harbour seal, TMFs greater than
one have been reported, indicating trophic biormfagation.

3.3.3 Terrestrial bioaccumulation

Food web analyses covering also terrestrial mamaradsbirds have been performed. Martin et al.
examined PFOA proportions in biota from Canadiawcti&r Only liver samples from polar bear
exhibited significant PFOA levels (3-13 ng/g) whils 4 other terrestrial mammals and all of the 3
investigated bird species levels remained belowlithé of detection (< 2 ng/g) (Martin et al.,
2004a).
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An analogue result was stated by Kannan et al. iaret al., 2005) indicating absence of PFOA in
liver samples of predatory birds and presence only out of 8 piscivorous mammals (mink). In

general, PFOA is occasionally detected in high hropevel avian predators, whereas it is
frequently found in piscivorous mammals. In patiacupredatory birds and mammals at higher
trophic levels usually inhabit a large geographimie range and their flexible migratory patterns
impede a collection of collocated samples of pney predator. Despite this, piscivorous mammals
show a more residential behaviour and the proxiniatal association to their prey allows for

proposing a more realistic trophic correlation anples.

In a study undertaken by the German Environmergatien Bank (ESB), eggs from herring gull
and from cormorants were analysed according thamitamination with per- and polyfluorinated
compounds. Herring gulls are omnivorous and oppdstic top predators of the North and Baltic
Sea marine ecosystem, and eggs are routinely tedidor the German ESB in the same regions
where mussels and/or fish are sampled. PFOA vatubsrring gull eggs ranged from 6.5 to 118
ng/g ww at the North Sea), and from below the lesfeguantification up to 2.8 ng/g ww at the
Baltic Sea). The cormorants from the Baltic Sea bleuwiese are nesting on the ground in the
neighbourhood of herring gull nest. PFOA was on¢hefchemicals frequently detected above the
limit of quantification. The PFOA levels ranged f100.9 to 1.8 ng/g ww. The levels in samples
from the North Sea were higher than those fronBiikiic Sea. Additionally, eggs of rook and feral
pigeon from terrestrial ecosystems were analyzgdrdeng their burden of per- and polyfluorinated
compounds. The values where very low compareddmttes from the coast. It was hypothesized
that differences in per- and polyfluorinated compasilevels between aquatic and terrestrial birds
are caused by different exposure pathways (Rudsl,e2011)

Swedish peregrine falcon eggs collected betweed 30d 2007 were also analyzed according to
their PFC load. In contrast to the study of Ridedle(2011), PFOA could not be detected above
limit of quantification (Holmstrom et al., 2010).hfens and co-workers investigated PFCs in eggs
from tawny owl from Norway collected from 1986 t@@®. PFOA was detected in 8% of the
samples (Ahrens et al., 2011).

Muller et al. conducted a terrestrial food web gtadnsisting of lichen and plants, caribou, and
wolves from two remote northern areas in Canadsaerl.imuscle, and kidney samples (n=7
Porcupine herd food web and n=10 for the Bathuwsidfweb) from two caribou herds were
collected; from the Porcupine herd in northern YuKberritory and the Bathurst herd in the
Northwest Territories (NWT)/western Nunavut . WoiE6 Porcupine herd food web and n=10 for
the Bathurst food web), lichen, and plant sampleseveollected in the same region as the caribou.
Plant samples included cottongrass, aquatic sedtjew, moss, and mushrooms. Liver and muscle
samples were collected from the sampled wolveidng moss and mushrooms were collected as a
whole grass and willow without roots. Plant sammes from the same season (summer 2008 in
Porcupine or summer 2009 in Bathurst) whereas amdf caribou samples are from different years
(2007 and 2010 in Porcupine and 2008 and 2007 ihuBst). Some samples are not from the same
season. This food web is considered as relativedif documented example (Kelly and Gobas,
2003). The study illustrates a considerable cawugr detween plants and caribou. Caribou are a
major human food source in numerous arctic comrasiT his food-chain may also be considered
comparable to the pasture-cow food-chain in tempeaegions. The results of the study, BMFs as
well as TMFs are shown in Table 13 and Table 14&sde concentrations and whole body
concentrations were used for calculations. Tissaseth BMFs differ considerably. Therefore it is
concluded that BMFs based on whole body conceatrsitare more appropriate (Mdller et al.,
2011).
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Table 13: BMFs for PFOA in a remote terrestrial foal chain (from two different locations)

Species (tissue) BMF Reliability Reference
Caribou (muscle)/lichen 09104 2 (Mller et 2011)
Caribou (liver)/lichen 11+1.2

Wolf (muscle)/caribou muscle 3.8+£15,26+0.8

Wolf (liver)/caribou liver 0.9+0.3

Caribou (whole)/lichen 14+04,26+05

Caribou (whole)/vegetation 1.8+0.7,0.3+0.1

Wolf (whole)/caribou (whole) 24+0.6,21+£05

Table 14: TMFs for PFOA in a remote terrestrial foad chain (from two different locations)

Species (tissue) TMF Reliability Reference

Wolf (liver) /caribou (liver)/lichen 24+0.1,2201 2 (Muller et al., 2011)
Wolf (whole)/caribou (whole)/lichen] 1.3+0.1, &3.1

Wolf (whole)/caribou 11+0.1,1.3+01

(whole)/vegetation

Conclusion: The terrestrial BMF and TMF of PFOAgi®eater than one for the remote Arctic food
chain lichen — caribou — wolf, indicating trophioimagnification.

3.3.4 Summary and discussion of bioaccumulation

The estimation of bioaccumulation based on partitoefficient ko appears to be inappropriate
for PFOA, because the experimental determinatiok®yf is impeded by strong surface activity of
PFOA and calculation of &y using QSAR methods rely on physico-chemical pataraevhich
are not completely validated for PFOA. As showmfrbinding assays and analyzing distribution
pattern in aquatic animals PFOA preferentially sinal proteins in blood and liver (Ishibashi et al.,
2008) (Ahrens et al., 2009Db).

Reported BCFs for fish for PFOA are in the rangenrl.8 for fathead minnow to 27 for carp.
Bioaccumulation factors (BAFs) have been showndanbthe range from 0.038 for rainbow trout
to 266 for mussels. Both of the factors descrieabcumulation for aquatic species. The BCF is
typically measured in the laboratory, whereas tA& B measured in field studies.

The numeric criterion as suggested in REACH Annéb & a bioaccumulative substance is not
fulfilled. It is not clear if fish in fact takes UpFOA or if the notable water solubility of PFOA yna
enable fish to quickly excrete this substance vibpgrmeation, facilitated by the high water
throughput. However, this possible excretion pathwlaes not exist for air breathing animals
(Kelly et al., 2004; Kelly et al., 2007). Hencepbtoncentration values in fish may not be the most
relevant endpoint to consider. Therefore, the nisakbioaccumulation (B) criterion defined in the
REACH regulation Annex Xlll is not suitable for PRO
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PFOA is frequently analyzed in environmental mamig studies. PFOA has been found in
piscivorous mammals, and occasionally detectedgh trophic level avian predators (Kannan et
al., 2005). In herring gull eggs, e.g. PFOA concaiins were measured in the range from 6.5 to
118 ng/g (ww) (Rudel et al., 2011). Values in pdiear liver ranged from 3-13 ng/g (Martin et al.,
2004b). Although, the focus of these studies wasmmeasure the bioaccumulation potential the
fact that PFOA is ubiquitously present in terrestspecies especially in top predators and even in
remote areas is of great concern.

It has been shown, that air-breathing organismsranee likely to biomagnify PFOA than water
breathing organisms such as fish (Kelly et al., DOWPiscivorous mammals (mink, seal, and
dolphin) exhibited significant amounts of PFOA mgiaccumulated in serum and liver. There are
studies which report trophical magnification fastqfMFs) or biomagnification factors (BMFSs)
greater than one, indicating bioaccumulation of RFO

* For the food chains walrus (liver) / clam, narwhéler) /Arctic cod, and beluga
(liver)/Arctic cod the BMFs are 1.8, 1.6, and 2.&spectively, indicating bioaccumulation
(Tomy et al., 2009).

* BMFs ranging from 1.8 to 13 for seven individuallgton/prey relationships were stated
using recalculated PFOA whole body burdens for liolgHoude et al., 2006b).

* Kelly et al. 2009 measured PFOA in the Canadiarti@roarine food web (sediment and in
different organisms (macroalgae, bivalves, fisladseks, and marine mammals). A TMF of
3.28 was one results of the study. The protein-atned value is 1.93.

* Bioaccumulation was also studied in lichen, cariband wolf, living in the remote
Canadian environment. Measured BMFs were in thgeamom 0.9 to 11 and indicate
bioaccumulation. Calculated TMFs were in the rafigen 1.1 to 2.4, indicating trophic
magnification, too (Mdller et al., 2011).

In the literature it was discussed that the BCless accurate in quantifying bioaccumulation than
TMFs and BMFs in terms of dietary accumulation (@oet al., 2011; Gobas et al., 2009; Weisbrod
et al.,, 2009). According to Conder et al. (2011MFE represent some of the most conclusive
evidence of the biomagnification behaviour of amleal substance in food webs (Conder et al.,
2011). BCFs reflect a chemical equilibrium betweeter and organism. In addition, BCFs apply
only to aquatic organisms in a laboratory cont&xir air breathing organisms it has been shown
that BCFs and Kw-predicted BCFs are inadequate for assessing hicadation (Conder et al.,
2011; Czub and McLachlan, 2004; Kelly and Goba$)12Kelly and Gobas, 2003; Kelly et al.,
2007; Kitano, 2007). BMFs present only a singlglyio transfer, since they describe enrichment of
chemicals between predator and prey. TMFs, howgwenide a characterization of the average
degree of biomagnification that occurs in an enfied web by incorporating multiple food web
interactions (Borga et al., 2011; Hop et al., 2QR&dine et al., 2006).

Field studies are complex and therefore difficaljudge concerning their reliability. Each of the
field studies presented here has its drawbackstousample collection in different years, the
sampling of body tissues and fluids instead of wHmbdy or uncertainty of prey constitution etc.
and may not be considered as a standalone proothéobioaccumulation potential of PFOA.
Overall, these studies suggest that PFOA can bioifyagn the food chain as indicated by
biomagnifications factors and trophic magnificati@ctors larger than one. Additionally, it is of
special concern that PFOA biomagnifies in endartyspecies as shown for the polar bear and in
animals which are likely to become endangeredemiar future (narwhale and beluga whale).
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Taken together in a weight of evidence approachdduwa presented can be considered overall
conclusive. Environmental studies suggest that PE@A biomagnify in the food chain. It is of
special concern that PFOA biomagnifies in endartyspeecies as shown for the polar bear and in
animals which are likely to become endangeredemtbar future (narwhale and beluga whale).

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

4.1.1 Non-human information

Absorption
Absorption in male rats was studied following adistiration of a single oral dose 8iC- PFOA
(11mg/kg), and at least 93% of the tdf& was absorbed at 24 hours (Gibson and Johnso8).197

In another study, male and female rats were expasedose-only to aerosol atmospheres of PFOA
(Hinderliter et al., 2006). The study was comprisétivo separate experiments, a single inhalation
exposure and repeated inhalation exposures for &sveThe results demonstrated that the
pharmacokinetic properties of inhaled PFOA in naald female rats are similar to those observed
in male and female rats following oral dosing WRROA.

Penetration of APFO through rat and human skin esied in an in vitro study and by the end of
the 48-h exposure period, only a negligible amanirihe total APFO applied (0.048 £ 0.01%) had
penetrated through human skin (Fasano et al., 200% steady-state penetration of APFO was
approximately 34-fold faster through rat skin thaman skin.

In conclusion, PFOA/APFO is well absorbed in labona animals following oral and inhalation
exposure, and to a lesser extent following dermpbsure.

Metabolism
Carbon-fluorine bonds are among the strongestgaroc chemistry, and PFOA has not been found
to be metabolised (Lau et al., 2007).

In conclusion, PFOA has not been found to be mditdab

Distribution and elimination

In a study on male and female mice, rats, hams#ad, rabbits the absorption, distribution and
excretion of APFO was studied (Hundley et al., 200®e laboratory animals were treated with a
single oral dose of*C-APFO, and the excretion and tissue distributimese followed for 120 h
(168 h in the rabbit). Substantial sex and spatifésrences in the excretion and dispositiort -
radioactivity derived fromt*C-labeled APFO were observed. The female rat aedrthle hamster
excreted more than 99% of the origif&C-radio activity by 120 h after dosing; conversetye
male rat and the female hamster excreted only 388668% of the originat‘C-radio activity,
respectively, by 120 h postdosing. The male andafemmabbits excreted tH&C-radio activity as
rapidly and completely as the female rat and théerhamster, whereas male and female mice
excreted only 21% of the origindfC-radio activity by 120 h postdosing. The rapid rexars
(female rat, male hamster, and male and femaleitsdbtopntained negligible amounts 81C in
organs and tissues at sacrifice. The slow excreangbited the highesf'C- concentrations in the
blood and liver followed by the kidneys, lungs, akin. Preferential sequestering*6€-labeled
APFO in the fat was not observed in any of the igsestudied.
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In a study on rats:"C-PFOA was administered orally and binding to plagsoteins was studied
(Han et al., 2003). Most PFOA was found to be iotgin-bound form in male and female rat
plasma, and the primary PFOA binding protein irspia was serum albumin. In the same study no
significant difference was found between PFOA higdio rat serum albumin and PFOA binding to
human serum albumin. PFOA has been demonstrataddergo enterohepatic circulation in rats
(Johnson et al., 1984).

The pharmacokinetics of PFOA in cynomolgus monkegs studied in a six-month oral capsule
dosing study of APFO and in a single dose intrausstudy (Butenhoff et al., 2004b). During the
repeated oral dosing, PFOA reached a steady coatentin the serum, urine, and feces within
four weeks with concentrations increasing with diosa nonlinear manner. Serum PFOA followed
first-order elimination kinetics after the last dodJrine was the primary elimination route. The
PFOA elimination half life following either oral antravenous dosing was approximately 20-30
days.

To develop understanding of the potential for gestal and lactational transfer of PFOA, female

rats were dosed by oral gavage once daily with ABE®Rting on gestation day 4 and continuing
until sacrifice (Hinderliter et al., 2005). Conceations of PFOA in all biological samples were

proportional to maternal dose. PFOA was detectatienembryo/foetus and placenta, and nursing
pup and milk confirming placental and lactatiomahsfer. Steady-state concentrations in milk were
approximately 10 times less than those in matepledma. The concentration of PFOA in fetal

plasma was approximately half the steady-state emtration in maternal plasma. The milk

concentrations appeared to be generally compatalie concentrations in pup plasma.

In conclusion, the highest concentrations of PF@Afaund in blood, liver, kidney and lung. Urine
is the primary route of excretion. There are lasgg and species differences in the excretion of
PFOA. PFOA is transferred to the foetus throughpliaeenta and the offspring is exposed to PFOA
from breast milk.

4.1.2 Human information

Levels of PFOA in human body fluids

PFOA has been found in human blood samples alnarthe world (Lau et al., 2007). In European

populations, serum and plasma concentrations ofAPirQhe range from <0.5 to 40 ng/mL have

been reported (Vestergren and Cousins 2009, Froetnaé, 2009). For instance, the results of a
Bavarian human biomonitoring study (n=365) with kiround exposed young adults showed
PFOA concentrations of 0.5 to 19 ng/mL in bloodspta (Fromme et al., 2007).

Considerably higher levels have been found at tweations, in USA and in Germany, where the
population had been exposed to PFOA contaminaie&idg water (Emmet et al., 2006; Wilhelm

et al., 2008). For the people living in the vigindf a fluoropolymer production facility in Ohio, a

median serum PFOA concentration of 354 ng/mL has lbeported (Emmet et al., 2006). From the
dependence of serum levels on the person’s useitgfwt was concluded that drinking water was
the major route of exposure. In the same studymrmarkedly higher serum levels of PFOA were
associated with working at the chemical plant thas the source of the contamination (Steenland
et al., 2009). Workers who no longer worked at ket had much higher PFOA levels than did
non-workers but lower levels than those who comtthworking there. These findings are consistent
with a gradual excretion of PFOA from the body m#&ding high exposure. Age showed a J-
shaped relationship with serum PFOA, with higheels in the young and the old subjects. In
Germany, PFC contaminated material had been apeptiea large agricultural area leading to the
contamination of drinking water sources. Drinkingter concentrations of PFOA ranged from

500 ng/L to 640 ng/L. Plasma PFOA levels were ado@d ng/mL in adult residents from the
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contaminated area which was 4.4 (males) and 8maftes) times higher than PFOA levels from a
control region (Wilhelm et al., 2008; Holzer et &009).

Very high serum concentrations have been reporefiuorochemical production workers with
mean concentrations of PFOA in the range of 500,600 ng/mL depending on the type of work
(Fromme et al., 2009). The highest serum level tegdofor PFOA was 114,100 ng/mL in 1995
(Fromme et al., 2009).

A recent Swedish study reported significantly etedaPFOA levels in humans after using
fluorinated ski wax. Monthly blood samples werelected before the ski season, i.e., pre-season,
then at four FIS World Cup competitions in crossrdoy skiing, and finally during an unexposed
5-month post-season period (Nilsson et al., 2010 PFOA levels in three technicians with
“low” initial levels of PFOA (<100 ng/mL in pre-ssan whole blood) increased from pre-season to
post-season by 254, 134, and 120 %, whereas neases in the blood levels were observed for the
five technicians with “high” initial levels (>100gAmL in pre-season sample).

In a Norwegian study, serum samples from 13 prajeas male ski waxers were collected at three
occasions (Freberg et al., 2010). The first blomehge was drawn at the end of season | (spring),
the second at the beginning of season Il (autumad)tlae third at the end of season Il (spring). The
median concentration of PFOA was 50 ng/mL by theé @season | (range; 15-174 ng/mL), which
is around 25 times higher than the background léMa median concentrations of PFOA sampled
in the aerosol fractions were 15 mg/g dust (rartgé:38 mg/g). Precursor substances were not
evaluated. A statistically significant positive asistion between years exposed as a ski waxer and
concentration of PFOA in serum was observed. THeat®on in the concentrations measured at the
start of season Il (autumn) compared to the enseason | (spring) was of statistical significance
(p < 0.05), but was below 10%. This indicates lehighination half-lives of PFOA in humans.

Several factors could potentially affect the hunidmod levels of PFOA. In some publications
addressing human blood levels of PFOA with lifegjmo correlation between PFOA concentration
and age was reported (Calafat et al., 2007; Olsexh.,e2003; Olsen et al., 2004), while in other
studies the concentration of PFOA in blood incrdasgnificantly with increasing age (Haug et al.,
2010b; Haug et al., 2011a). In the US NHANES stgslafat and co-workers (2007) found higher
levels of PFOA in males at age 26 and 39 (fertge)abut not at age 55, compared to females.
Similar findings have been observed in a Japanksty {Harada et al., 2004). In a study by
Thomsen and co-workers relatively high levels oDRFwere found in breast milk. After breast-
feeding for a year, the concentration of PFOA ia tineast milk was reduced by more than 90%.
This demonstrates a significant transfer of PFOMArast-fed children and a significantly reduced
PFOA level in the mothers (Thomsen et al., 2010highly reduced PFOA level in breast-feeding
women may at least partly explain the lower lex#IBFOA in females compared to males at fertile
age (26 and 39 year) shown in the NHANES study.

Also, PFOA in diet is an important exposure souitdéas been shown that people eating more
shrimps have statistically significant higher lesvef PFOA than people eating a smaller amount
(Haug et al., 2010b). Other sources such as skingayrolonged use of proofing agents, indoor
carpets and food contact materials may also bepbitance. In a previous study, levels of PFOA
in dust samples were highly correlated to seruneltein humans and the study indicated that
inhalation of PFOA in the indoor environment may deignificant contributing source to total

PFOA exposure (Haug et al., 2011a). As a resuldifiérent activities and age of fabrics and

furniture, exposure via indoor environment may alsoy between age groups. Taken together,
breastfeeding, differences in diet, life style amdoor environment are important exposure factors
not addressed in the studies by Calafat et al.,@ledn et al. and are factors that most likely will

hide the measurable accumulation increase of PF@A age (Calafat et al., 2007; Olsen et al.,
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2003; Olsen et al., 2004). This is further supmbiig two Norwegian studies using multiple linear
regression analyses to adjust for different contiity factors. In the Norwegian Fish and Game
Study (n=175) levels of PFOA in serum from men aminen increase statistically significant with
age (Haug et al., 2010b). Also in a study with 4dmen in the age of 25-45 years a statistically
significant increase in the PFOA levels with agesvieund (Haug et al., 2011a). These two studies
strongly indicate that PFOA levels increase witle,agut that breast feeding, diet and indoor
environment are important factors for PFOA exposheat need to be addressed in the evaluation of
human exposure and accumulation of PFOA.

In a Norwegian time trend study, PFOA concentraiom serum were measured in samples
collected in the period from 1977 to 2006. A ninddfincrease in the serum concentrations was
measured for from 1977 to the mid 1990s where time@ntrations reached a plateau before starting
to decrease around year 2000 (Haug et al., 20083. i$ in line with a decrease of PFOA blood
concentrations reported by several studies fromUB& (Vestergren and Cousins, 2009). Time
trend of PFOA levels in archived human blood specinfrom Germany has also been analysed
(Wiesmiiller and Gies 2011). In 1982, mean blooctlee\standard deviation) of PFOA, were
4(2) ng/mL, concentrations were highest in 198@ ) hg/mL) and fluctuated more or less around
5ng/mL until 2007. The decrease found in Norwegard American studies could not be
confirmed for Germany.

In conclusion, PFOA is present in human blood ir theneral population and elevated
concentrations are seen following specific expogord®FOA, either via the environment (e.g
contaminated drinking water) or occupationally. tRar, breastfeeding, diet, life style and indoor
environment influences the human blood levels aedmaportant to take into consideration.

Gestational and lactational transfer

Several studies have reported detectable concemsabf PFOA in cord blood (Apelberg et al.,
2007a; Fei et al., 2007; Gutzkow et al., 2011; Han<et al., 2010; Midasch et al., 2007; Monroy et
al., 2008). The concentrations of PFOA in cord Hibave been shown to be highly correlated with
the corresponding concentration in maternal serutheatime of delivery (Gutzkow et al., 2011,
Monroy et al., 2008). The transport across the guitad barrier seems to be dependent on the
compound structure. In a study from Norway inclgdit?3 pairs of maternal and cord plasma
samples, the median PFOA concentration in cord npasvas 78% of the corresponding
concentration in maternal plasma (Gitzkow et &1,19.

PFOA has also been found to be transferred to tefidmnough breast-feeding (Fromme et al., 2009;
Karrman et al., 2007; Tao et al., 2008; Volkel let 2008). The average breast milk concentration
of PFOA was 3.8% of the corresponding serum comagons in a recent Norwegian study (Haug
et al., 2011a), and similar numbers were also fownd study from Korea (Kim et al., 2011).
Although levels of PFOA in breast milk are low caangd to those in blood (Fromme et al., 2010;
Kuklenyik et al., 2004; Llorca et al., 2010; Scakt 2006; Tao et al., 2008; Wilhelm et al., 20G9),
breast-fed infant will be exposed to consideralbi®ants of PFOA during the first months of life.
A median daily intake of 4.1 ng PFOA/kg bw/day veatculated in a recent Norwegian study, and
consumption of breast milk was found to be the majource of exposure for exclusively or
predominantly breast-fed infants (Haug et al., 201The total exposure to PFOA for infants was
around 15 times higher than the corresponding estisnfor adults. The considerable exposure of
infants through breast feeding is also supportethbydecreasing concentrations of PFOA in breast
milk during the course of lactation, seen in am@lation rate study (Thomsen et al. 2010). In a
study from Germany, median PFOA levels in cord Olecere reported to be 1.7 ng/mL and in
blood of 6 month old infants the corresponding levas 6.9 ng/mL (Fromme et al., 2010). PFOA
concentrations in infant serum at 6 months of ageew4.6 times higher than in maternal serum at
delivery. Further, for all subjects, increasing PFConcentrations were seen during the first 6
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months of life, and most subjects showed a clearedse in the following months likely due to
ended breast feeding.

In conclusion, PFOA has been shown to be readilystierred to the foetus through the placenta in
humans. Further, breast milk is an important soof@xposure to breast-fed infants and the PFOA
exposure for infants is considerably higher tharaftults.

Distribution in the human body

In an Italian study, the concentrations of PFOA evekamined in various tissues (liver, kidney,
adipose tissue, brain, basal ganglia, hypophykigpid, gonads, pancreas, lung, skeletal muscle
and blood) from post-mortem examinations of seudrjests whose cause of death had not been
related to intoxication (Maestri et al., 2006). F=@as observed in all tissues, and in line with
findings in animal studies the highest concentratiwere found in lung, kidney, liver and blood.

In a study from the US, the concentrations of PRHOAR3 paired samples of blood and liver were
examined and the mean liver to serum ratio wasddonbe 1.3 (Olsen et al., 2003). In contrast,
higher concentrations were found in blood thanrlinea study from Spain, but the samples of liver
and blood were not from the same subjects thusidgaeonclusions is more difficult (Karrman et
al., 2010).

In conclusion, a similar distribution pattern waes in humans as in laboratory animals for PFOA,
with the highest concentrations found in lung, legnliver and blood.

Elimination

The half-life of PFOA has been studied in 26 rektifirorochemical production workers who had
high initial serum concentrations (mean = 691 ng/iflisen et al., 2007). Elimination followed a
first-order kinetic model, and the geometric meali-tife for PFOA was 3.5 years. In a study from
West Virginia where people had been exposed to PE@#Raminated drinking water, filtration
through granular activated carbon was started @Baet al., 2010). Up to six blood samples were
collected from each of 200 participants the firglary after filtration. The observed data are
consistent with first-order elimination and a medseerum PFOA half-life of 2.3 years was found.
The authors found no evidence of age- or sex-deperedof the postfiltration elimination rates. In a
following study of the same authors, differencesénum clearance rates between low- and high-
exposure water districts were seen, and it wasesigd a possible concentration-dependent or
time-dependent clearance process or inadequatstawdjat for background exposures to being the
reason for this observation (Seals et al., 20Ii)exXaminations of people from Germany having
consumed contaminated drinking water, a geometeammplasma PFOA half-life of 3.3 years
(range: 1.0 — 14.7 years) was calculated (Bredd.eP010). Two recent studies on exposures of
professional ski waxing technicians indicated aylbalf-life of PFOA as well (Freberg et al., 2010;
Nilsson et al., 2010a).

The long half-life in humans is in contrast to méasel rats with a half-life of PFOA of around 30 to
60 days in mouse and from 1 to 30 days in rat (ha@&ibbs et al., 2011). A study by Harada et al.
(Harada et al., 2005) showed that the renal cleasaof PFOA were almost negligible in both sexes
in humans, in clear contrast to the large activa@etion in the female rat.

In conclusion, an elimination half-life around 3rdars for PFOA has been reported in humans, and
in contrast to certain laboratory animals no séfeinces have been observed with respect to the
elimination rates.
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4.1.3 Bioaccumulation in humans

As described above, PFOA is a very persistent cointnt that does not undergo metabolism and
has a long elimination half-life in humans. Whea #limination rate is lower than the uptake and
there is no metabolism of the substance, the badyem will increase with age. This is well
described for other persistent organic compoundk as PCBs and dioxins.

However, scientific papers on the effect of ageoncentrations of PFCs in serum are not
consistent. In some studies addressing human liéeets of PFOA with life time, no correlation
between PFOA concentration and age was reportddféCat al., 2007; Olsen et al., 2003; Olsen et
al., 2004). In contrast, two Norwegian studies raggabsignificant positive associations between age
and serum PFOA concentrations (Haug et al., 20H@hg et al., 2011a).

As described in section 4.1.2, breast feeding histhiet, life style and indoor environment are
important exposure factors and are factors that fikaty will hide the measurable accumulation of
PFOA with age. This is further supported by two Wegian studies using multiple linear
regression analyses to adjust for different coutnily factors. In the Norwegian Fish and Game
Study (n=175) levels of PFOA in serum from men amanen increase statistically significant with
age (Haug et al., 2010b). Also in a study with 4men aged 25-45 years a statistically significant
increase in the PFOA levels with age was found (Hztwal., 2011a). These two studies strongly
indicate that PFOA levels increase with age, bat tther important factors of PFOA exposure also
need to be addressed in the evaluation of humansexe and accumulation of PFOA. The studies
above that did not observe any correlation betWweDA levels and age did not take these factors
into consideration.

As already mentioned, two recent studies from Ngrarad Sweden reported significantly elevated
PFOA levels in blood serum samples and whole bkardples of professional ski waxers compared
to the general populations, after using fluorinadkidwax (Freberg et al., 2010; Nilsson et al.,
2010a). In the Swedish study, the PFOA levels iaghechnicians with “low” initial levels of

PFOA (<100 ng/mL in pre-season blood) increasewh fpoe-season to post-season by 254, 134,
and 120% each, whereas no increases in the seveis igere observed for the five technicians
with “high” initial levels (>100 ng/mL in pre-seassample). In the Norwegian study, a statistically
significant positive association between the nuntbgrears exposed as a ski waxer and the PFOA
concentrations in blood serum was observed.

In other words, there are strong indications tH&DR bioaccumulates in humans. This is also as
expected based on the toxicokinetic propertiesF@AR.

4.1.4 Conclusion on toxicokinetics and bioaccumulation irhumans

PFOA is well absorbed following oral and inhalatiexposure, and to a lesser extent following
dermal exposure in laboratory animals. PFOA isgwes human blood of the general population
and elevated concentrations are seen followingip@exposure to PFOA, either environmentally
(e.g. contaminated drinking water) or occupationddFOA has not been found to be metabolised.
The highest concentrations of PFOA are found imdbldiver, kidney and lung. Urine is the primary
route of excretion. Humans have a very slow elitdmaof PFOA compared with other species,
with a half-life around 2-4 years. PFOA has beeowshto be readily transferred to the foetus
through the placenta both in laboratory animals lamchans. Further, breast milk is an important
source of exposure to breast-fed infants and tH@APE&xposure for these infants is considerably
higher than for adults. Gestational and lactatiangdosure is of special concern as the foetus and
newborn babies are highly vulnerable to exposutexm@ substances. The time trend studies show
that PFOA levels are significantly associated tiith time working as a ski waxer (Freberg et al.,
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2010; Nilsson et al., 2010a; Nilsson et al., 2018h) some recent studies strongly indicate that
PFOA levels increase with age (Haug et al., 20Hayg et al., 2010b). Based on a weight of
evidence approach, this demonstrates that PFOAtioaulates in humans.
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5 ENVIRONMENTAL HAZARD ASSESSMENT

The acute and chronic toxicity of PFOA and APFOetwironmental species has already been
assessed in the OECD SIDS Initial Assessment Reg@BECD, 2006). Low toxicity to the
organisms in aquatic and terrestrial compartmerst @zserved. As no newer data are available the
toxicity of PFOA and APFO to environmental spedgesonsidered to be low.
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6 CONCLUSIONS ON THE SVHC PROPERTIES

The free perfluoroocanoic acid (PFOA) stays inildgium with perfluorooctanoate (PFO), the

conjugate base, in agueous media in the environagmtell as in the laboratory. The ammonium
salt (APFO), which is often used in animal expenitsg is very soluble in water. In agqueous
solution it is present as anion PFO and the ammomiation. The dissolved anion PFO will stay in
equilibrium with the corresponding acid in aquemedia. In the following PFOA refers to the acid
(PFOA) as well as to its conjugate base PFO. Theretonclusions on PFOA/APFO are
considered to be valid for APFO/PFOA as well.

6.1 PBT, vPvB assessment

6.1.1 Assessment of PBT/vPvB properties — comparison witte criteria of Annex XIlI

A weight of evidence determination according to phevisions of Annex XlIl of REACH is used
to identify the substance as P and B. The availaddelts are assembled together in a single weight
of evidence determination.

6.1.1.1 Persistence

The stability of organic fluorine compounds hasrbdescribed in detail by Siegemund et al., 2000:
When all valences of a carbon chain are satisfiefiuorine, the zig-zag-shaped carbon skeleton is
twisted out of its plane in the form of a helix.i§situation allows the electronegative fluorine
substituents to envelope the carbon skeleton caslpland shield it from chemical attack. Several
other properties of the carbon-fluorine bond cdmitie to the fact that highly fluorinated alkanes ar
the most stable organic compounds. These includeripability and high bond energies, which
increase with increasing substitution by fluoriffidne influence of fluorine is greatest in highly
fluorinated and perfluorinated compounds. Propefinat are exploited commercially include high
thermal and chemical stability (Siegemund et &Q®).

Abiotic degradation

Under relevant environmental conditions in aquemeslia PFOA is hydrolytically stable (Igg>
92 days) and does not undergo direct photodegmadati natural waters. The estimated sp1or
indirect photolysis is 349 days.

Biotic degradation

Screening studies indicate that PFOA is not readgdgradable. The results of biodegradation tests
demonstrate that no biodegradation in water, sall sediment occurs. Due to the high persistency
and missing degradation, no half-lives could bewdated.

Conclusion on Persistence

All results show, that PFOA is persistent and does undergo any further abiotic or biotic
degradation under relevant environmental conditidwwgording to Annex Xlll, APFO and PFOA
meet the criteria for being persistent and vergigeznt.
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6.1.1.2 Bioaccumulation

According to Annex XlIl a number of different datan be used to assess the bioaccumulation
potential of a compound. In the following, all dedle information, i.e. bioaccumulation in
terrestrial species and in humans, was considegether in a weight of evidence approach. The
individual results have been considered in thessssent with differing weights depending on their
nature, adequacy and relevance.

(a) Bioconcentration or bioaccumulation in aquaticspecies:

The reported BCFs and BAFs for PFOA and APFO atberrange from 0.9 to 266. Therefore, the
numerical criterium of Annex XIII is not met.

However, bioconcentration values in fish may nottlhe most relevant endpoint because other
mechanisms for bioaccumulation might be of releeane. the bioaccumulation potential in air
breathing and terrestrial species. Therefore, thaarical bioaccumulation (B) criterion defined in
the REACH regulation Annex XIllII is not suitable fBFOA.

(b) Other information on the bioaccumulation potental of the substance:
— Bioaccumulation in terrestrial species;

PFOA is frequently analyzed in environmental mamig studies. PFOA has been found in
piscivorous mammals, and occasionally detectedgh trophic level avian predators (Kannan et
al., 2005). In herring gull eggs, e.g. PFOA concaiins were measured in the range from 6.5 to
118 ng/g (ww) (Rudel et al., 2011). Values in pdiear liver ranged from 3-13 ng/g (Martin et al.,
2004b). Although, the focus of these studies wastoameasure the bioaccumulation potential
values the fact that PFOA is ubiquitously presenterrestrial species, even in remote areas is of
special concern.

Bioaccumulation of PFOA was studied in lichen, loau, and wolf, living in the remote Canadian
environment. The measured biomagnification fac{@®F) were in the range from 0.9 to 11
(Muller et al., 2011). Values greater than 1 intkdaioaccumulation.

— Toxicokinetics and bioaccumulation in humans

PFOA is well absorbed following oral and inhalatiexposure, and to a lesser extent following
dermal exposure in laboratory animals. PFOA isgmwes human blood of the general population
and elevated concentrations are seen followingipexposure to PFOA, either environmentally
(e.g. contaminated drinking water) or occupatignddFOA has not been found to be metabolised.
The highest concentrations of PFOA are found iodjdiver, kidney and lung. Urine is the primary
route of excretion. Humans have a very slow elitiamaof PFOA compared with other species,
with a half-life around 2-4 years. PFOA has beeowshto be readily transferred to the foetus
through the placenta both in laboratory animals lamchans. Further, breast milk is an important
source of exposure to breast-fed infants and tH@APE&xposure for these infants is considerably
higher than for adults. Gestational and lactatiaadosure is of special concern as the foetus and
newborn babies are highly vulnerable to exposutesta substances. The time trend studies show
that PFOA levels are significantly associated wiité time working as a ski waxer (Freberg et al.,
2010; Nilsson et al., 2010a; Nilsson et al., 2018) some recent studies strongly indicate that
PFOA levels increase with age (Haug et al., 20Hag et al., 2010b). This demonstrates that
PFOA bioaccumulates in humans.

— Detection of elevated levels in biota, in partidar in endangered species or in vulnerable
populations, compared to levels in their surroundiig environment;
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Values in polar bear liver ranged from 3 ng/g tontydg (Martin et al., 2004b). Butt et al. report
concentrations of PFOA in polar bears up to 3.4 nwgh. Polar bears life in a remote region where
PFOA concentrations in the surrounding water aréhenpg/l range. Hence, the levels of PFOA
analyzed in polar bear tissues and blood indicgtake and accumulation of PFOA from the
surrounding environment and food (Butt et al., 2010

(c) Ability of the substance to biomagnify in the dod chain,

Piscivorous mammals (mink, seal, dolphin) exhibiteidnificant amounts of PFOA mainly
accumulated in serum and liver. Looking at predatey relationships or whole food chains there
are studies available which report trophical magatfon factors (TMFs) or biomagnification
factors (BMFs) greater than one, indicating bioacglation of PFOA. The studies on dolphins,
caribou, or turtles clearly show that bioaccumolatf PFOA is taking place.

For the food chains Walrus (liver) / Clam, NarwKlater) /Arctic Cod, and Beluga (liver)/Arctic
Cod the BMFs are 1.8, 1.6, and 2.7, respectivefiicating bioaccumulation (Tomy et al. 2009).

BMFs ranging from 1.8 to 13 for seven individuallgton/prey relationships were stated using
recalculated PFOA whole body burdens for dolphioyée et al., 2006b).

Kelly et al. 2009 measured PFOA in the Canadianti@mmarine food web (sediment and in
different organisms: macroalgae, bivalves, fistadseks, and marine mammals). A TMF of 3.28
for PFOA was one result of the study. The proteammralized value is reported to be 1.93.

Bioaccumulation was also studied in lichen, caribanod wolf, living in the remote Canadian
environment. Measured BMFs were in the range froht® 11 and indicate bioaccumulation.
Calculated TMFs were in the range from 1.1 to dicating trophic magnification, too (Muller et
al., 2011).

Field studies are complex and therefore difficaljudge concerning their reliability. Each of the
presented field studies has its drawbacks duenplgacollection in different years, the sampling of
body tissues and fluids instead of whole body areutainty of prey constitution etc. and may not
be considered as a standalone proof for the bioaglagsion potential of PFOA. Nevertheless, when
reviewing all studies together their results cancbasidered overall conclusive. The weight of
evidence of these studies suggests that PFOA @anagnify in the food chain as indicated by
biomagnifications factors and trophic magnificatfantors larger than one.

Conclusion on bioaccumulation

In summary, taken together all data presented eacohsidered overall conclusive. The weight of
evidence of these studies in environmental spesidshuman data suggests that PFOA and APFO
can biomagnify in the food chain and bioaccumulaidsumans. It is of special concern that PFOA
and APFO biomagnify in endangered species as shfiowthe polar bear and in animals which are
likely to become endangered in the near futurehalte and beluga whale).

Additionally, in humans gestational and lactatioe&posure are of special concern as the foetus
and newborn babies are highly vulnerable to exmosutoxic substances.
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6.1.1.3 Toxicity

The acute and chronic toxicity of APFO and PFOAetwironmental species is considered to be
low.

However, the Risk Assessment Committee (RAC) haslaoded that PFOA and APFO fulfil the
criteria for classification as toxic for reprodusti category 1B and the criteria for classification
with STOT RE 1. This classification is of relevarfoe the assessment of PFOA and APFO as a
substances of very high concern according to Axt&d d), i.e. under the T-criterion of PBT; see
REACH Annex XIII; Section 1.1.3 c).

6.1.2 Summary and overall conclusions on the PBT, vPvB jpperties

Based on all available information degradation expents PFOA and APFO are not degraded in
the environment and therefore fulfil the P- andovierion.

Furthermore, it is concluded that PFOA and APFObamaccumulative compounds.

The bioaccumulative property is proven by studiesmf terrestrial food webs, which clearly
indicate accumulation of PFOA and APFO. Human d#tangly indicate that PFOA and APFO
bioaccumulates in humans.

It is of special concern that PFOA and APFO bionifggn endangered species as shown for the polar
bear and in animals which alikely to become endangered in the near fulmawhale and beluga
whale). Additionally, in human gestational and ddicinal exposure are of special concerthasfoetus
and newborn babies are highly vulnerable to exmogutoxic substances.

Based on aveight of evidence approach, it is considered thatdata from environmental species and
humans shows that the B criterion is fulfilled.

According to the recent RAC-opinion PFOA and APR@ilfthe criteria for classification as Repr
1B and STOT RE 1, each of which proves that PFORARFO fulfil the T-criterion.

Overall, PFOA and APFO are identified as a PBT-wrlx®s according to Art. 57 (d) of REACH
by comparing all relevant and available informatisted in Annex Xl of REACH with the
criteria set out in the same Annex, partly a wemfrevidence determination using expert
judgement was applied.

6.2 CMR assessment

The substance is not yet listed in Annex VI of QRegulation (EC) 1272/2008) however there is
evidence based on the RAC opinion on PFOA that sdenndicate that the substance meets the
criteria for classification as toxic for reprodustiin accordance with Article 57 (c) of REACH.

The classification of PFOA/APFO is currently inchstin draft proposal for thé"SATP to CLP.

6.3 Substances of equivalent level of concern assessmen

Not relevant for this dossier.

48



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

PART Il

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

INFORMATION ON MANUFACTURE, IMPORT/EXPORT AND USES —-CONCLUSIONS
ON EXPOSURE

Manufacture and Import

From 1951 until 2004 the estimated total globaldpiiion was 3,600 - 5,700 t PFOA and APFO
(Prevedouros et al.,, 2006). APFO is mainly usedaaprocessing aid in the production of

fluoropolymers and fluoroelastomers. In 2002, iterld-wide production was about 200-300 t

(Prevedouros et al., 2006). According to a receatket analysis on behalf of the European
Commission, only one company manufacturing APFO ratated substances was active in Europe
27 in 2010. This company announced cessation afyation of APFO as per August 2010 and

cessation of its commercialisation as per Noven20di0. Imports of APFO are expected to partly
replace this production and to most probably renstale at <50 tonnes per year until 2015 (van
der Putte et al., 2010).

Direct sources

According to the above mentioned market analysts] tlirect source of APFO/PFOA in the EU-27
will be 50-100 tonnes per annum for industrial asly (van der Putte et al., 2010).

Fluoropolymers are high performance plastic mateaad fluoroelastomers are high performance
synthetic rubbers. The main fluoropolymers produseith PFOA as a processing aid are
polytetrafluoroethylene (PTFE) and polyvinylidengftide (PVDF). PVDF is also produced with a
mix of perfluorocarboxylic acids (carboxylic acidS;.13 perfluoro, ammonium salts; CAS no.
72968-38-8), and the mix contains mainly otherIperbcarboxylic acids than PFOA and is listed
as containing less than 1% PFOA (van der Puttd. eP@l10). Entry into the environment occurs
during manufacture of PFOA/APFO and during the potidn of fluoropolymers and
fluoroelastomeres. Residues from production, pingsand use of fluorinated polymers are
suspected in several industries (for example &ktishing, electroplating and paper industry).

The use volumes of PFOA and APFO in the photograpdustry and in the semiconductor
industry are estimated at about 2.6 tonnes peram@25 kg per year respectively (van der Putte et
al., 2010).

Indirect sources

There are a number of products containing PFOA aghextiles, carpets, upholstery, paper,
leather, toner, cleaning agents and carpet canti@os$, sealants, floor waxes, paints, impregnating
agents, etc. PFOA might also be present as impuuétyin perfluorooctylsulfonyl fluoride (POSF)
based products (Begley et al., 2005; Berger andkeée2006; Danish Ministry of the Environment,
2005; Kissa, 1994; Prevedouros et al., 2006; Swe@lsemicals Agency, 2006; Trier et al., 2011;
van der Putte et al., 2010; Walters and Santil®62 Washburn et al., 2005)
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PFOA might be a residue in PTFE based applicatismsh as (van der Putte et al., 2010; Walters
and Santillo, 2006; Washburn et al. 2005):

» Electrical wire insulation

» Specialist circuit boards

* Plumbers tape (thread seal tape (TEFLON-Tape))

* Waterproof membranes for garments (such a Gore-Tex)
* Surgical implants

* Dental floss

* Engine protector additives

* Non-stick coatings

Other indirect PFOA sources are fluorotelomers,cWhare not produced using PFOA, but which
may contain low levels of PFOA as an unintendegimduct. Fluorotelomers are used in a number
of products, among others, in fire fighting foanddar surfacecoating of carpeting, textiles, paper,
leather, and ski wax.

The importance of imported products as a sourdeF®A is highlighted by a report from KEMI,
the Swedish chemicals Agency (Report 07/06): 250kd®FOA and approximately 22 tons of
fluorotelomers were imported to Sweden in 2005. fifaen use of these compounds (~75 %) was
textile industry. However, the textile industry 8weden is rather small nowadays and more than
9,000 tonnes of outdoor clothes were imported t@dm in 2005. The proportion of fluorinated
substances is unknown (Swedish Chemicals Agen®§)20

CURRENT KNOWLEDGE ON ALTERNATIVES

In general, PFCs with eight carbon atoms can bkeceg with shorter chain fluorinated chemicals
containing six or less carbon atoms.

Non-fluorinated alternatives are available as wek, propylated aromatics (naphthalene or
biphenyls) and aliphatic alcohols (sulphosucciratd fatty alcohol ethoxylates) (Danish Ministry
of the Environment, 2005; van der Putte et al. 2@ alters and Santillo, 2006).

In the following table known PFOA alternatives atanmarized.
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Table 15 Alternative compounds, their product names, cam@and use for PFOA and its salts

Alternative compound Product Company Used for /Used in Ref.
name
PFBS or based on different Novec® 3M Paint and coatings industry. (Walters and
C,4 perfluoro-compounds Electronic coating, industrial ~ Santillo, 2006;
and commercial cleaning, van der Putte et
cleaner for solder flux residue, al., 2010;
degreasing applications Poulsen and
Jensen, 2005)
Dodecafluoro-2- Novec® 3M Fire-fighting fluid (Poulsen and
methylpentan-3-one(GF Jensen, 2005;
CF,-C(O)-CF(CR),) Walters and
Santillo, 2006)
C6-fluorocompounds Forafac® DuPont Fire-fightingrio (Poulsen and
Jensen, 2005)
CF; or GFs pendant PolyFox® OMNOVA Surfactant and flow, level and (Poulsen and
fluoroalkyl polyethers Solutions Inc.  wetting additive for coating Jensen, 2005)
formulations. Also used in floor
polish
Propylated aromatics Ruetasolv® Riitgers Water repelling agents for rust (Walters and
(naphthalenes or biphenyls) Kurehe protection systems, marine Santillo, 2006)
Solvents paints, coatings, etc. (Poulsen and
GmbH Jensen, 2005)
Aliphatic alcohols Emulphor®, BASF Levelling and wetting agents  (Poulsen and
(sulphosuccinate and fatty Lutensit® Jensen, 2005)
alcohol ethoxylates)
Sulfosuccinates EDAPLAN  Miinzing Paint and coatings industry: (Poulsen and
® LA451 Chemie Wetting agents for water based Jensen, 2005)
applications, e.g. wood primers
Sulfosuccinate Hydropalat® Cognis Paint and coating industry: (Poulsen and
875 Weting and dispersing agents Jensen, 2005)
Silicone Polymers WorléeAdd Welrée- Wetting agents in paint and ink (Poulsen and
® Chemie industry Jensen, 2005)
Branched fluoro ethers Can be applied for altpmts  (van der Putte et
al., 2010)
short-chain fluorinated Capstone DuPont commercially available in home 3
technologies (six or less furnishings, fire fighting foam,
carbons) fluorosurfactants, paper

packaging, textiles, stone and
tile, and leather end uses

Ammonium 4,8-dioxa-3H- ADONA 3M emulsifier used in the (Gordon, 2011)

perfluorononanoate aqueous emulsion
polymerization of
fluoropolymers made from

tetrafluoroethylene (TFE)

3 http://www.oecd.org/document/34/0,3746,en_21571361_ 44787844 44799586 _1 1 1 1,00.html
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Exposure pathways for humans
Exposure of the general public

The large historical production volumes and wideagdrapplications of PFOA also in consumer
products represent a potential for contaminatiothefindoor as well as the outdoor environment
and thereby also of food and drinking water. Digtaxposure has been suggested to be the main
exposure route of PFOA in adult general populatiffrtemme et al., 2009; Trudel et al., 2008;
Vestergren and Cousins, 2009), and there has prEyideen reported significant associations
between estimated dietary intakes of PFOA and theesponding serum concentrations (Haug et
al.). Contaminated food, like popcorn or fries, méah, sea food, cereals and eggs was reported to
be a source of PFOA in the human body and carryfyeer soil to food vegetables has also been
shown (D'Hollander et al., 2010; Ericson et al.0&®& European Food Safety Authority, 2011;
Fromme et al., 2009; Haug et al., 2011a; Haug.e2@l0b; Haug et al., 2010a; Llorca et al., 2010;
Lechner et al., 2011, Rylander et al., 2010; Ryaret al., 2009; Tittlemier et al., 2007; Trudel et
al.,, 2008; Zhang et al.,, 2010). Significant cortielas between estimated dietary intake and
measured serum concentrations of PFOA have beenl fdaug et al., 2010a; Haug et al., 2010b;
Zhang et al., 2010).

Indirect PFOA contamination of food from paper kaging and cookware has been proven
(Begley et al., 2005; D'Hollander et al., 2010;rc et al., 2010; Powley et al., 2005; Tittlemier e
al., 2007; Trier et al., 2011). Additionally, PFORRKO and other perfluorinated compounds are
used as emulsifiers in the production of non-stickting of cookware and have been evaluated for
this use by the European Food Safety Authority &FZ05): Residual PFOAwas never detected
in the fluoropolymeric sample. Based on the deteclimit of 0.022 mg/kg polymer, the calculated
worst case migration was 0.017 mg/kg food, (santipiekness 0.6 cm, 6dmkg food, first use
data) (EFSA, 2005).

Several studies reported PFOA contaminations inkdrg water (Loos et al., 2007; Ericson et al.,

2008b; Haug et al., 2010a; Saito et al., 2004; @ithet al., 2010; Emmet et al., 2006), and in

certain cases contaminated drinking water has bleewn to be a major source of human exposure.
(Egeghy and Lorber 2010; Emmett et al. 2006; Vegségr and Cousins, 2009).

A review by Harrad et al. (2010) also emphasizesl ithportance of evaluating exposure from
ingestion of house dust and inhalation of indoor @he PFOA concentrations reported in house
dust range from <LOD to 4100 ng/g and the mediancentrations from <LOD to 300 ng/g
(Costner et al. 2005; D Hollander et al. 2010; Fmoeret al., 2009; Bjorklund et al., 2009; Goosey
and Harrad, 2011; Haug et al 2011b; Kato et al928@Qibwabo et al. 2005; Moriwaki et al. 2003;;
Strynar et al. 2008; Wang et al., 2010). Furtheanprecursor substances are present in indoor air
and house dust as well. For example, three timgisehi8:2 FTOH concentrations were found in
house dust compared to those of PFOA (Shoeib,eé2(dl1).

An additional source of PFOA may result from theti@nsformation of precursor substances, e.g.
polyfluoroalkyl phosphate esters (PAPs) (D’eon afabury, 2011) and fluorotelomer alcohols
(FTOHSs) (Fasano et al., 2006). PAPs and FTOHs leen confirmed as migrants from food-
contact paper products into food. PAP diesters AB$) at concentrations in the range of
microgram per liter haven been detected in humamséD eon and Malbury, 2011). Considering
the long serum half-life of PFOA and the bioavaiigb of 8:2 diPAP it is expected that the
biotransformation of 8:2 diPAP may contribute sfgpaintly to the PFOA concentration in human
serum.
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In a recent Norwegian study, the relative imporéaat different exposure pathways of PFOA was
assessed on an individual basis using measured RB@&entrations in indoor air and house dust
as well as information from food frequency questimines and concentrations in food (Haug et al.,
2011a). Food was generally the major exposure spuepresenting 67 - 84% of the median total
intake for PFOA using different dust ingestion satend biotransformation factors of ‘precursor’
compounds. However, on an individual basis, th@andcenvironment accounted for up to around
50% of the total intake for several women. Furthamem significant positive associations between
concentrations of PFOA in house dust and the qooreding serum concentrations underline the
importance of the indoor environment as an expogathway for PFOA. Breast milk was
calculated to be the single most important soucc®kEOA for breast-fed infants (Haug et al.,
2011a). So far no other studies have compared arpgathways for infants based on individual
measurements of PFOA concentrations in breast imdlise dust and indoor air. The median total
intakes of PFOA were in the range 0.26 - 0.33 n@kday. This is in the same range as has been
modelled for PFOA in studies on populations expdsdoackground contamination levels (Egeghy
and Lorber, 2010; Fromme et al., 2009; Vestergreh@ousins, 2009). In the Norwegian study, the
median total intake for infants of around six mantti age ranged from 4.3 to 4.9 ng/kg bw/day for
PFOA, depending on the dust ingestion rates anmapisformation factors used. This is around 15
times higher than the corresponding estimatesdolta

Workplace exposure

Very high serum concentrations have been reporefiuorochemical production workers with
mean concentrations of PFOA in the range of 500,800 ng/mL depending on the type of work.
The highest serum level reported for PFOA was 10@tig/mL in 1995 (Fromme et al., 2009).

Manufacture

The worker exposure during the manufacture of PR®&O has a long history of surveillance
(Costaet al, 2009, Saket al, 2009, Olseret al, 2003 and references therein). According to Costa
et al, in 2007 for 37 workers at a manufacturing plaritaly blood serum levels were 0.20 - 47.04
ug/mL with a geometric mean of 4.8/mL compared to typical average values <10 ng/arltte
general population given in the OECD SIDS Initiaks&ssment Report (OECD, 2006). This
example shows additional exposure to, and uptakihefsubstances by workers.

Typical situations with potential regular exposimelude the production process (in particular
sampling, cleaning and maintenance operations)jnglryshipping and packaging of the

substance(s). In addition, the solid substancefaflitly sublime (Kaiser, 2010) making handling

more difficult and increasing the risk of airbom@rkplace exposure which can be reduced by
improved industrial hygiene and the use of aqusoiigions.

Manufacturing and use of fluoropolymers

According to information from the Plastics Eurodadfopolymer Committee reported by van der
Putte (van der Putte et al., 2010) in fluoropolynsgnthesis PFOA/APFO are used in low
concentrations of < 1%. In an analysis of commuexrposure in the USA published by Emmet et
al. (Emmet et al., 2006) a group of workers witlub'stantial exposure” to PFOA/APFO in a
fluoropolymer production facility had increased naedserum blood levels of PFOA (775 ng/mL)
compared to the studied group with no occupatierpbsure (329 ng/mL). Human monitoring data
by DuPont, likely from the same production sitegwlsimilar levels in 2004 (OECD, 2006).
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A gquantitative investigation of worker exposureainy of the numerous professional applications
for fluoropolymer preparations is not known, ithewever expected to be low due to the generally
small amounts of PFOA/APFO in the respective prajians.

Photographic applications

PFOA/APFO are used for specific coating applicatiomnith potential worker exposureia
inhalation or dermal contact. Exposure level dabdodd levels, workplace concentration
measurements) are not available. In general, g#ggéncy of exposure is low and diluted aqueous
solutions are used and handled with protectiveagdvan der Putte et al., 2010, Michiels 2010).

Ski-waxers

In a Swedish study of the inhalation exposure t®@HTand PFOA and levels in blood of ski wax
technicians was examined. Air was collected inliheathing zone of ski wax technicians during
work. The results show concentrations of 8:2 FT@id BFOA in air in the range of 0.830 to 250
png/m3 and 0.080 to 4.900 ug/m3, respectively. Etton range (average) of daily inhalation
exposure based on four samplings presented inttidy & 0.011 - 3.4 (1.2) g for 8:2 FTOH and
0.0011 - 0.065 (0.015) g for PFOA, respectivelye TPFOA concentrations in the blood of the
technicians rose even until May after the end ef\ttiorld Cup in March. Therefore, the authors
conclude also an indirect PFOA exposure via precussibstances and suggest that metabolic
biological systems are active for some time after@xposure (Nilsson et al., 2010a).

Conclusion

Exposure of workers to PFOA/APFO can occur in sewsorkplace situations in various industrial
and professional applications and in particulapridduction of the substance(s) is resumed at
historical levels. Compared to the general popomgtincreased blood levels in workers involved
with PFOA/APFO manufacture are evident. Even inditeations where occupational exposure is
low the additional uptake of PFOA/APFO at the wdake puts workers at an increased risk to
potential adverse health effects caused by thaaute(s).

Disposal

PFOA and its precursors are widely present in coesiproducts which are disposed via municipal
landfill or incineration plants. There is no specitlisposal practice for PFOA, because it is
disposed together with the corresponding produoerdfore PFOA is present in landfills as shown
by detections of PFOA in landfill leachates (medfOR concentrations 2.9 to 537 ng/L or in
emissions from landfills into air (0.2 — 1.1. pdJrtBusch et al., 2010a; Weinberg et al., 2010).

PFOA is often reported as the investigated PFCA whie highest concentrations in WWTP’s
effluents (Ahrens and Ebinghaus, 2010). Municipatl andustrial sewage and degradation of
precursors are supposed to be the source (Muraégali, 2008; Loganathan et al., 2007). If the
sewage sludge is used as fertilizer in agricultleQA and related substances may contaminate
soil, crops, surface water and ground water. Adddlly, in some countries, municipal sewage
sludge and industrial wastewater sludge is dumpéadl the ocean, which is another important
source of PFOA in surface water (Guo et al., 2010).

Different methods for the decomposition of PFOA evexamined. During photolysis (245 nm)
<5% of PFOA was decomposed after 120 h, decarbtiaiglavas observed at 307 °C and during
sonochemical irradiation a half-live of 120 min waported. But reaction times are still too long
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for industrial application and short chain PFCAgevebserved as reaction product for every single
method (Rayne and Forest, 2009).

The behaviour of PFOA during recycling of materiatesntaining PFOA is to the best of our
knowledge not yet investigated. But due to the progs of PFOA no degradation is expected.
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ANNEX I - RISK-RELATED INFORMATION

Environmental distribution

PFOA is ubiquitously present in oceans (YamasHital.e 2004; Yamashita et al., 2005; Ahrens,
2011; Busch et al., 2010b). In the Atlantic Ocead the North Sea up to 223 pg/L PFOA were
detected whereas concentrations decreased frorh Mo8outh (Ahrens et al., 2010). In general, in
coastal regions with industrial areas the PFOA eatrations are two orders of magnitude higher
than in open ocean waters (Ahrens, 2011).

Rivers are a potential source for PFOA detecteithénoceans. A flux of 14 t PFOA per year from
rivers into oceans was estimated. PFOA concentratio European rivers range between <0.65 —
23 ng/L (McLachlan et al., 2007). In the vicinio§ fluoropolymer manufacturing facilities the
values are usually higher, for example 337 ng/thmriver Po in Italy (Loos et al., 2008). Effluent
from wastewater treatment plants (WWTPs) are a knewource for PFOA in rivers (up to
1,050 ng/L PFOA (Ahrens et al., 2009a)). The deelgases of PFOA into rivers were calculated to
be in the range of 5.9 pg/person to 220 pg/perSorciair and Kannan, 2006; Schultz et al., 2006b;
Schultz et al.,, 2006a; Becker et al., 2010). Furgdmurces are landfill leachates and nonpoint
sources, as dry and wet atmospheric deposition samthce runoff, which contribute to the
occurrence of PFOA in surface water.

In a European survey PFOA was detected in 66% aliyaed ground water samples with average
concentrations of 3 ng/L (Loos et al., 2010). Hgfh®oncentrations reported in ground water of up
to 1,050,000 ng/L were tracked back to contamimatiith aqueous fire fighting foams (Moody et

al., 2003). Ground water near fluoropolymer mantufis@s might generally be contaminated with
PFOA and other PFCs. In Gendorf, Bavaria, for eXampigh PFOA concentrations of up to

4300 ng/L were measured (Bayerisches Landesanutrfiwelt, 2010).

PFOA can be measured in the atmosphere (JahnKe 80@7; Butt et al.,, 2010; Fromme et al.,
2009; Barber et al., 2007; Dreyer et al., 2009)n@wmtrations up to 0.8 ngfnand 0.006 ng/h
were reported for the particulate and gaseous phiaspectively (Barber et al.,, 2007; Kim and
Kannan, 2007). The dry deposition of PFOA nearbfluaropolymer manufacturer was three
magnitudes higher than in urban areas (Bayerischedesamt fir Umwelt, 2010).

PFOA has also been detected in precipitafidre concentrations are one order of magnitudeeghnigh
than PFOA levels in air (Kim and Kannan, 2007; Yot al., 2007; Liu et al., 2009; Dreyer et al.,
2010; Kwok et al., 2010; Scott et al., 2006; Ahre2l1).

Sediment has been regarded as an important sinkeardvoir of PFOA (Prevedouros et al., 2006;
Ahrens, 2011). PFOA concentrations in sediment heaen reported in the pg range (Higgins and
Luthy, 2006; Nakata et al., 2006; Bao et al., 20840 et al., 2010; Becker et al., 2008).

Soils receive PFOA via atmospheric wet and dry dijom or via the application of sewage sludge.
Nearby fluoropolymer manufacturers higher conceiana were found compared to other regions
(Bayerisches Landesamt fur Umwelt, 2010; Wang €t28110). Carryover of PFOA from soil to
plants has been observed even at low concentratithgyrass soil accumulation factors of 0.09 to
0.65 (Stahl et al., 2009; Yoo et al., 2011).
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Adsorption/desorption

The following studies were already discussed inQED SIDS Initial report and were copied here
in italic letters:

The adsorption-desorption of APFO was studied im25olutions of“C-labeled APFO in distilled
water with 5 g Brill sandy loam soil for 24 hoursaatemperature of 16-19 °C. The study reported a
Kq of 0.21 and a ki of 14 indicating that PFOA has high mobility inilBsandy loam soil (3M Co.,
1978b). The K¢ value, however, is questionable due to the lackaorate information on the
purity of the**C-labeled test substance (Boyd, 1993a; Boyd, 1993b)

An adsorption-desorption test according to OECDdgline 106 was made by Association of
Plastic Manufactures in Europe (APME) at DuPontwdek sponsored by Plastics Europe. APFO
was tested with four soil and one activated slusi@®ples (equilibration time 24 h). Quantification
(analytics: LC-MS/MS) was made using a calibratiomve. The Ky values ranged from 28 I/kg to
133 I/kg (Association of Plastic Manufactures inrépe (APME), 2003).

Yu et al. performed a study to measure concentratald PFOA in the biological units of various
municipal sewage treatment plants. Thg Was estimated by dividing PFOA concentration in
primary sludge or activated sludge by their aquemrsentration in primary effluent or secondary
effluent (various full-scale municipal sewage treants plants). The Kvalues for PFOA were
observed at 201 — 513 L/kg (activated sludge;) B8l — 597 L/kg (primary sludge). The authors
did not observe differences betweep Walues in primary sludge and activated sludge. Keg
values were in the range from 2.43 to 2.83 for PR®Aet al., 2009).

In the study of Zhou et al., activated sludge wssduto test the adsorption behaviour of sodium
pentadecafluorooctanoate in aqueous solution. Batgberiments including sorption kinetics,

sorption isotherms, and the effect of solution ptd é&emperature were carried out. The sorption
equilibrium of PFOA was reached within about 11nkljcating that the normal hydraulic residence
time in actual wastewater treatment plants (WWT®a3 enough for PFOA to be adsorbed on
activated sludge. However, at pH 5-7 only 50 %@ initial PFOA was sorped to the aerobic
activated sludge. The sorption of PFOA on sludgeetesed with increasing pH. At pH 3 85% of
the initial PFOA was sorped to the sludge in congparto 40 % at pH 9.5. At 25 °C the removal of
sodium pentadecafluorooctanoate was a little higihan at 15° or 45°C. In the sorption isotherm
experiments K values ranging from 150 to 350 L/kg were obser&tbu et al., 2010).

The relevant data are summarized in Table 16.dtdde kept in mind, that calculations afdare
in most studies based on total concentrations @A&nd its conjugate base PFO in water whereas
only the neutral acid PFOA is expected to be sogmedrganic carbon.

Table 16: Adsorption coefficients for PFOA and itssalts

Test Media Type of adsorption | Value (L/kg) Reliability Reference
substance coefficient
APFO Soil Ky 0.41 - 8.86 1 (OECD, 2006),
(Association of
Koe 48.9 - 229 Plastic
. Manufactures in
Activated Ky 12.6 - 36.8 Europe (APME)
Sludge 2003)
Koc 20.5-59.6
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Soil Kq 0.21 4 (OECD, 2006),
(3M Co., 1978b)
Koc 14
Sodium Activated Ky 150 - 330 2 (Zhou et al., 2010)
pentadeca- sludge
fluoro-
octanoate
PFOA Primary Ky 188 - 597 3 (Yu et al., 2009)
sludge
Activated Ka 201 -513
sludge
KOC 269 - 676
Conclusion:

PFOA has a low to moderate potential to adsorbadnasd sludge, whereas sorption in sludge is
stronger compared to soil. Therefore a high mgbdit PFOA in soils can be assumed and soil can
be a long-term source of PFOA to underlying grouaiw

Volatilisation

The Henry’s Law constant () of PFOA was determined at 298 K by an inert-géigpgsng
method. A helical plate was used to increase thieleace time of the gas bubbles in the solutions
(aqueous sulphuric acid solution, aqueous sodidoridie and sulphuric acid mixture). The partial
pressures of PFOA {poa) in the purge gas were determined by means ofiémansform
infrared spectroscopy. Kutsuna and Hori derivedraiVegas-to-water partition coefficients by
simulating the time-courses obgda and @roa (concentrations of PFOA in the test solutions)
simultaneously to optimize parameters of the moglating to the partitioning, the aggregation, and
the adsorption. The |Kvalues of PFOA at 298 K were 1.01**1@tm-m3- mot for pK, = 2.8 and
2-10%atm-m3-mot for pKa = 1.3. The pKa value of 1.3 seems to be the mmdigble. At this pK
most PFOA is present as it’s conjugate base PF@hvid not expected to partition into the gas
phase at all, at typical environmental pH of 5-8weéver, since K of PFOA was relatively small at
298 K the partitioning in air is possible (Kutsusrad Hori, 2008).

Li et al. (2007) developed a novel system for teeednination of the air-water coefficient AJ§)

for substances that have lowand may aggregate in solution, ionize and displajace activity.
PFOA is evaporated isothermally from solution tlgiouan undisturbed air-water interface at a
known gas flow rate, and its concentrations in weger and gas phases are measured. The
experimentally determined At of PFOA was 1.02-1b This Kaw corresponds to an Kof
2.45-10° atm-m3-mot (calculated from IKw, gas constant and T=293K) (Li et al., 2007).

The following table shows measured and calculatedrifs law constants from the values for
vapour pressure and solubility (Henry’s law cortstavapour pressure/solubility).
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Table 17: Henry’s Law constant of PFOA and its sadt

Test Vapour pressure [Pa] Solubility Henry's Law Reliability Reference
substance [g/L] constant
[atm-m3-molY]
PFOA (measured) 1.01-10* (pK=2.8) | 2 (Kutsuna and
210 (pK,=1.3) Hori, 2008)
2.45-10 2 (Li et al., 2007)
APFO <1.3-16 > 500 <1.1-16 2 (Hekster et al.,
9.2.10° 7.8-10% 2002)
PFOA 70 9.5 4.6-10* 3

*Recalculation yields a value for Henry's Law =@3010° atm- m3- mot

Conclusion: The protonated form of PFOA has sugfitivolatility to leave surface and atmospheric
water and/or soil, and generating a slow releadeF®A into the atmosphere. The environmental
relevance of this release is unknown. While perfljoctanoate (PFO), the conjugate base, is not
volatile, pure PFOA (protonated) is moderately titda\When dissolved in water the strong acid
PFOA dissociates. The degree is dependent on the Guthisequently partitioning between
environmental media depends on environmental condit

Distribution modelling

Distribution modeling is challenging because of tthependence on distribution coefficients.
Determination of these coefficients by experimestdlups is difficult especially for the conjugate
base of PFOA and PFO. Reasons for these diffisuliie surface active properties and micelle
building of PFO during the experiments. Therefthere is a lack of reliable distribution
coefficients under controlled conditions in thedediory. Nevertheless, a recent study shows that
sediment-water distribution coefficients and biooemtration factors (biota-water distribution) are
proportional for PFOA and other perfluoroalkyl ai@ebster and Ellis, 2011). The authors used a
measured bioconcentration factor to predict a sedirwater distribution coefficient. The
comparison of the predicted versus the measuregsahowed good agreement (within one order
of magnitude). Therefore, the applicability of ddmwium models for PFOA and other
perfluoroalkyl acids is validated (Webster and £12011). Also, other studies, i.e. focusing on the
transport of PFOA, used equilibrium models, toonjtage et al., 2009).

For distribution modeling is has to be consideieat the conjugate base PFO and the acid PFOA
are in equilibrium. This equilibrium needs to beluded in the models because of the different
properties of the PFOA species, i.e. vapor presstinerefore, a I§, and pH are needed. Some
measured as well as estimateH, pvalues for PFOA are reported in the literature and
summarized in the following table. There is a higliiance in reportedi, values (up to four log
units), whereas highest reported data based onumagasnts and lowerl values are estimations
from models. Under environmental conditions at pH & assuminglg, of 3.8 99.9 % of PFOA is
present as conjugate base, whereas witiKagh 0 > 99.999 % is present as conjugate base.
Because of the dominance of the conjugate baseommbination with its high solubility and
negligible vapour pressure aqueous phases aretexpede of importance.
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Table 18: pK,-values of PFOA reported in the literature

pKa Method Reliability Reference
3.8 Experimental, potentiometrically 2 (Burns et al., 2008)
Experimental, measured in 50/50 v/v 2
2.8 ethanol/water (Brace, 1962; Kissa, 2001)
2 (Igarashi and Yotsuyanagi,
1.01 Experimental, potentiometric titration 1992)
1.3 Experimental, pH measurements 2 (Lépez-Fontan et al., 2005)
2.5 No details provided 3 (Ylinen et al., 1990)
2.3 Experimental data cited from others
3.4 studies 3
-0.1 Modeled, PM6 2 (Rayne and Forest, 2009)
0.90 Modeled, COSMOTHERM 2 (Wang et al., 2011)
-0.11 Modeled, SPARC 2
0.7 Modeled, COSMO-RS 2
0 Estimation 2 (Goss, 2008)
2 (Steinle-Darling and Reinhard,
-0.2 Modelled, SPARC 2008)

Long range transport

The following information was copied from the OE@EIDS Initial Assessment Report for PFOA

(OECD, 2006):

PFOA, as the anion perfluorooctanoate, PFO, hasnbéetected in remote areas of the world in
monitoring programs involving various abiotic anmbtic samples (Butt et al., 2010). For example,

PFOA has been measured in biota such as polar emasisseals in the Canadian Arctic.

Some examples for PFOA concentrations in remot&saasee summarized inTable 19.
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Table 19: Concentration of PFOA in remote areas antiota

Sample Value Remarks Reference
Surface water
Canadian Arctic lakes (Armituk Lake| 0.5 — 16 ng/L (Stock et al., 2007)
Char Lake, Resolute Lake)
Seawater / ice
Baydaratskaya Bay (Russian 130.7 (£77.2) pg/L (Saez et al., 2008)
Federation)
Greenland Sea 20— 111 pg/L (Theobald et al., 007
Sediment
Canadian Arctic lakes (Char Lake and1.7 and 7.5 ng/g dw 0-1cm (Stock et al., 2007)
Resolute Lake) <1.1 and 2.3 ng/g dw 1-2 cm

1.2 and <1.8 ng/g dw 2-3cm
Biota
Polar bear (liver) 0.6 — 14 ng/g ww 1990 (Dietz et al., 2008)
(East Greenland) 6.8 — 15.8 ng/g ww 1995

11.8 - 17.6 ng/g ww 2006
Polar bear (liver) 2.4 — 36 ng/g ww (Smithwick et al., 2005)
(North American Arctic, European
Arctic)
Ringed seal (liver) 0.96 — 1.01 ng/g ww (Butt et al., 2007)
(Arviat - Canadian Arctic)

No information is available about current or histal use of PFOA or related substances in the
Arctic. A possible explanation for this finding tise long-range transport of either PFOA or
potential precursors. Two possible transportatioathways include atmospheric and aquatic
transport.

Atmospheric Transport

Due to the relative vapour pressures of APFO, PFa® PFO, the chemical form potentially most
subject to gas-phase atmospheric transport is PFBXanklin suggested that in the presence of
water in air (humidity), gaseous PFOA condensesa¢oosol particles and dissociates to the
corresponding perfluorooctanoate, resulting in awvlosapour pressure (Franklin, 2002). The
atmospheric lifetime of PFOA (respectively its Salivas calculated in the order of days when
emitted from a ground source.

Additional sources of PFOA to the atmosphere are thegradation or transformation of
precursors, which could lead to indirect environitareleases. Potential precursors include
related fluorinated chemicals which are detectahbléhe atmosphere (e.g., fluorotelomer alcohols,
olefins, and perfluoroalkyl sulfonamido substanagbjch can degrade in the atmosphere or after
deposition to the surface to PFOA. Calculationsngsa three-dimensional global atmospheric
chemistry model (IMPACT) indicate that 8:2 fluodoteer alcohol (widely used in industrial and
consumer products) degrades in the atmospherev® BFOA (Wallington et al., 2006). FTOHs
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have sufficient vapour pressure to be present m(Rrevedouros et al., 2006). Smog chamber
studies prove the potential for FTOHs to reacthe atmosphere with ubiquitous OH radicals to
yield PFOA (Ellis et al., 2004). Ellis et al. shaivéhat the atmospheric lifetime of short chain
FTOHSs, as determined by reaction with OH radicalisvapproximately 20 day®iekarz et al.
estimated that atmospheric residence times of $8QH; 8:2 FTOH and 10:2 FTOH were 50, 80
and 70 days, respectively (Piekarz et al., 2007).

However, there is not enough data available toredé how much the different sources contribute
to the PFOA detected in the Arctic and in biotarerhote areas. While there is evidence for the
possible role of precursors for the long-range agpheric transport of PFOA, the extent to which
these precursors and their transformation may exgh& concentrations of PFOA found in remote
areas such as the Canadian Arctic is uncertain.

Aquatic Transport and Marine Aerosols

Another possible mechanism for the transport of RE@the Canadian Arctic is aquatic transport
(Prevedouros et al., 2006). Given PFOA'’s environtalepersistence, high water-solubility and the
fact that PFOA and related substances have beetteghto air and water for approximately 50
years and may have accumulated in the oceans, atliggis has been presented to suggest ocean
water transport as a possible pathway explaining gnesence of PFOA in the Canadian Arctic.
Currently there is insufficient data to evaluate #significance of this potential pathway.

Several researchers have indicated that the tireslimvolved with transport via ocean currents
could not account for what appears to be rapidlgr@asing levels of perfluorinated substances in
certain Arctic biota (Smithwick et al., 2006). VehPFOA has been detected in coastal water and
seawater even in remote areas (Yamashita et ai52Ghe extent to which this may be due to
ocean or atmospheric transport is uncertain. Oceeater transport of perfluorocarboxycyclic
compounds is a combination of :a) discharges of R&@ surface waters and transport to oceans;
b) atmospheric loadings of PFCAs to surface watars transport to oceans; and c) discharge of
precursors to surface waters, transformation to RPIS@nd transport to oceans (Prevedouros et al.,
2006).

In addition to the possible role of aquatic trandgpwia oceans to the Arctic, the possibility of
atmospheric transport of PFOA on marine aerosols been proposed (Prevedouros et al., 2006).
Due to its nature as surfactant, PFOA is expectedoé enriched on the water surface. As
hypothesized, marine aerosols may be generated tin@MPFOA enriched surface through gas-
bubble production and collapse through breaking @aand rough sea conditions. The sea surface
micro-layer may thus, supply the atmosphere wit@RFich particles which undergo atmospheric
transport over, at least, short distances. Studiesneeded to determine whether and to what extent
marine aerosols contain PFOA and contribute to rthgdobal transport. The determination of
whether perfluorocarboxylic acids are present, amavhat extent, in marine aerosols, and whether
this contributes to their global transport, is theubject of ongoing scientific investigations
(Prevedouros et al., 2006).

Conclusion

Pure PFOA at room temperature has moderate vapoesgure (2.3 Pa). The vapour pressure of
APFO is much lower with 0.008 Pa. APFO or PFOA dlirgsd in water dissociate to ions. Although
the dissociated fraction is not subject to volagtion, depending on the pH, pure PFOA is expected
to volatize from water to a certain degree.
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Due to emissions for more than 50 years, PFOA mtriduted worldwide in the marine
environment, and hence may be transported to reract@s via the aqueous phase and the
atmospheric phase. However, the significance o$dahsources are not currently known. Both
atmospheric and aquatic transport mechanisms ateelg being investigated.

PFOA and PFOA precursors including fluorotelomecdlols, olefins and perfluoroalkyl sulfonyl
derivates are subject to long range transport. Thktive environmental significance of these
sources are not known currently.

Distribution of PFOA via sewage sludge and efflgseftom Waste Water Treatment Plants
(WWTP)

A lot of studies estimated an increase of PFOA betwthe influent and the effluent of a WWTP.
The most reliable ones are discussed below:

In one study six WWTP (domestic and commercial exaater as well as domestic and industrial
wastewater) were tested (Sinclair and Kannan, 20Di6¢ concentrations in the effluents ranged
from 58 — 1050 ng/L. The highest concentrationPBOA were detected in two WWTP which had
no industrial influence. The authors assumed thgh HPFOA concentrations result from the
commercial wastewater, primarily from the cleanird fluorochemical-treated products.
Furthermore, Sinclair and Kannan studied the maedihg and fate of PFOA in two of this WWTP
(identical treatment processes). They identified ai@ange of the mass flows after primary
treatment. But after secondary treatment the masss fsignificantly increased (Plant A: influent
6.0-8.9 g/day, primary-treated 5.6-10 g/day, efilugl-21 g/day; Plant B: influent 2.9-6.0 g/day,
primary-treated 2.3-6.0 g/day, effluent 6.0-7.8 ay)d This increase could follow from
biodegradation of precursors to PFOA during thevatgd sludge treatment.

Another study compared the PFOA content in waswattwo different WWTP (Yu et al., 2009).
Plant A received 95 % domestic wastewater and pBa@0 % industrial and 40 % domestic
wastewater. The waste water treatment was diffarebhbth WWTP. Whereas plant A was based
on a conventional activated sludge process lineSCA liquid treatment module (LTM) and a
membrane biological reactor (MBR), plant B was obsed on a conventional activated process
line. Mean mass flow of PFOA increased 41.6 % inSGA plant A and 67.0 % in CAS of plant B
and 76.6 % in MBR, while remained unchanged aftertteatment of LTM. These findings suggest
that change in mass flow of PFOA in secondary suttgatment may be determined by the
presence of precursors and operating sludge retetitme of the activated sludge system. In
contrast to the study from Sinclair and Kannam¢ir and Kannan, 2006), PFOA concentrations
of the WWTP with industrial influence were much tneg than the WWTP with mainly domestic
wastewater, although there were no known sourexpdsure of fluorochemicals.

Boulanger et al. investigated a WWTP that recedasestic and industrial wastewater (Boulanger
et al., 2005). Also in this study PFOA concentnagidncreased from influent (>4 ng/l; exact
guantitative determination could not be made duleworecoveries of the compound in field spike
samples) to effluent (22+2.1 ng/L). Boulanger etraported that the transformation of precursors
within WWTP in not an important source of these poomds compared to direct use and disposal
of products containing residual amounts.

63



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

REFERENCES

3M Co. 1978a. Biodegradation (ABS/LAS Shake Cultliest). St. Paul, MN. Project number
9970612613. U.S. Environmental Protection Agencyniusstrative Record 226-0489.

3M Co. 1978b. Environmental Laboratory Technicap&& Summary, Adsorption of FC-95 and
FC-143 on soil. Environmental Laboratory, 3M CompaRroject 9970612633: Fate of
Fluorochemicals, Report Number 1. St. Paul, MN. .UEhvironmental Protection Agency
Administrative Record 226-0488.

3M Co. 1979. Photolysis study using simulated simliFC-143 Photolysis study using simualted
sunlight U.S. Environmental Protection Agency Adisirative Record 226-0490.

3M Co. 1980a. Activated Sludge Respiration Inhdriti Environmental Laboratory Lab Request
number 5625S, U.S. Environmental Protection Ageldministrative Record 226-0505.

3M Co. 1980b. Acute Toxicity Testing: FC-14. U.Snvifonmental Protection Agency
Administratie Record 226-0504.

3M Co. 1980c. Environmental Laboratory Acute Taticlesting: FC-12. U.S. Environmental
Protection Agency Administrative Record 226-0504.

3M Co. 1985. Ready Biodegradation of FX-1001 (BOOL). Lab Request No. C1006.
Environmental Laboratory. St. Paul, MN. U.S. Enmimental Protection Agency Administrative
Record 226-0494.

3M Co. 1987a. 96-Hour Acute Static Toxicity to Fedd Minnow, Pimephales promelas. U.S.
Environmental Protection Agency Administrative Ret226-0513.

3M Co. 1987b. Activated sludge Respiration Inhdnti 3M Co. Environmental Laboratory Lab
Request number E1282. U.S. Environmental Proteé&gency Administrative Record 226-0510.

3M Co. 1987c. Fluorad® Fluorochemical Surfactant 3. 3M Company Technical Bulletin.

3M Co. 1990a. Activated Sludge Respiration InhdntiTest. U.S. Environmental Protection
Agency Administrative Record 226-0514.

3M Co. 1990b. Static Acute Toxicity to the Daphnidaphnia magna. Study No. 9013-3.
EnviroSystems. Inc. Unpublished Data U.S. Environtale Protection Agency Administrative
Record 226-0517.

3M Co. 1990c. Static Acute Toxicity to the Fathdéidnow, Pimephales promelas. EnviroSystems
Inc. U.S. Environmental Protection Agency Admirasitre Record 226-0516.

3M Co. 1995. Assessment of bioaccumulatve properie ammonium perfluorooctanoic acid:
Static fish. U.S. Environmental Protection Agenayministrative Record 226-0496.

3M Co. 1996a. Activated Sludge Respiration InhdsitiTest. 3M Co. Environmental Laboratory,
U.S. Environmental Protection Agency AdministratRecord 226-0524.

64



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

3M Co. 1996b. Acute Toxictiy to the Fathead MinnoRimephales promelas. T.R. Wilbury
Laboratories, Inc., U.S. Environmental ProtectiageAcy Administrative Record 226-0519.

3M Co. 1996¢. Study No. 1029-TH, Growth and Repobidn Toxicity Test to the Freshwater
Alga, Selenastrum capricornutum. T.R. Wilbury Laddories, Inc., U.S.Environmental Protection
Agency Administrative Record 226-0526.

3M Co. 1996d. Study No. 1030-TH, Acute Toxicityttee Daphnid, Daphnia magna. T.R. Wilbury
Laboratories, Inc, U.S. Environmelal Protection Agg Administrative Record 226-0527.

3M Co. 1996e. Study No. 1031-TH,Acute Toxicity ke tFathead Minnow, Pimephales promelas.
T.R. Wilbury Laboratories. Inc. U.S. Environmenkabtection Agency Administrative Record 226-
0525.

3M Co. 1996f. Study No. 892-TH, Acute Toxicity tieet Daphnid, Daphnis magna. T.R. Wilbury
Laboratories, Inc, U.S. EPA Administrative Reco6520.

3M Co. 2001a. Hydrolysis REactions of Perfluoroacia Acid (PFOA). 3M Lab Request Number
E00-1851. U.S. Environmental Protection Agency Aaistrative Record 226-1030a090.

3M Co. 2001b. Screening study on the aqueous phmtalegradation of perfluoroctanoic acid
[PFOA]. U.S. Environmental Protection Agency Admsinative Record 226-1030a091.

3M Co. 2005. Analysis of PFBS, PFHS, PFOS and PiROWater Samples collected at 3M Guin.
Amended Analytical Report E05-0662. U.S. EnvirontakrProtection Agency Administrative
Record 226-3571.

Abbott BD, Wolf CJ, Schmid JE, Das KP, Zehr RD, fdet L, Nakayama S, Lindstrom AB,

Strynar MJ, Lau C. 2007 Aug. Perfluorooctanoic anitliced developmental toxicity in the mouse
is dependent on expression of peroxisome proliberaictivated receptor-alpha. Toxicol Sci
98(2):571-581.

Ahrens L. 2011 Jan. Polyfluoroalkyl compounds ie tiquatic environment: a review of their
occurrence and fate. J Environ Monit 13(1):20-31.

Ahrens L, Ebinghaus R. 2010 Jan. Spatial distrdsutof polyfluoroalkyl compounds in dab
(Limanda limanda) bile fluids from Iceland and tHerth Sea. Mar Pollut Bull 60(1):145-148.

Ahrens L, Felizeter S, Sturm R, Xie Z, Ebinghaus2R09 Juna. Polyfluorinated compounds in
waste water treatment plant effluents and surfeatens along the River Elbe, Germany. Mar Pollut
Bull 58(9):1326-1333.

Ahrens L, Gerwinski W, Theobald N, Ebinghaus R. @O0Aeb. Sources of polyfluoroalkyl
compounds in the North Sea, Baltic Sea and Norwed@aa: Evidence from their spatial
distribution in surface water. Mar Pollut Bull 60{255-260.

Ahrens L, Herzke D, Huber S, Bustnes JO, Bangjord&E@nghaus R. 2011 Jan. Temporal trends

and pattern of polyfluoroalkyl compounds in tawnyl Strix aluc eggs from Norway, 1986-
2009. Environ Sci Technol.

65



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Ahrens L, Siebert U, Ebinghaus R. 2009 Aprb. Tdiably burden and tissue distribution of
polyfluorinated compounds in harbor seals (Photdimg) from the German Bight. Mar Pollut Bull
58(4):520-525.

Apelberg BJ, Goldman LR, Calafat AM, Herbstman BBklenyik Z, Heidler J, Needham LL,
Halden RU, Witter FR. 2007a. Determinants of fetaposure to polyfluoroalkyl compounds in
Baltimore, Maryland. Environmental Science and Tedbgy 41(11):3891-3897.

Apelberg BJ, Witter FR, Herbstman JB, Calafat AMd¢n RU, Needham LL, Goldman LR. 2007
Novb. Cord serum concentrations of perfluorooctandonate (PFOS) and perfluorooctanoate
(PFOA) in relation to weight and size at birth. iEom Health Perspect 115(11):1670-1676.

Armitage JM, MacLeod M, Cousins IT. 2009. Modelitige global fate and transport of
perfluorooctanic acid and perfluorooctanoate embiftem direct sources using a multipsecies mass
balance model. Environ Sci Technol 43:1134-1140.

Association of Plastic Manufactures in Europe (ABMR003. Adsorption/Desorption of
Ammonium Perfluoroctanoate to soil (OECD 106). DaP€entral Research & Development,
Environmental & Microbiological Sciences & Enginiegy. Newark, DE. DuPont EMSE Report
Number EMSER 17-03.

Bao J, Jin Y, Liu W, Ran X, Zhang Z. 2009 Oct. Rexfinated compounds in sediments from the
Daliao River system of northeast China. Chemosphéf®).652-657.

Bao J, Liu W, Liu L, Jin Y, Ran X, Zhang Z. 2010nJwPerfluorinated compounds in urban river
sediments from Guangzhou and Shanghai of ChinanGsghere 80(2):123-130.

Barber JL, Berger U, Chaemfa C, Huber S, Jahnk€efyme C, Jones KC. 2007 Jun. Analysis of
per- and polyfluorinated alkyl substances in amglkes from Northwest Europe. J Environ Monit
9(6):530-541.

Bartell SM, Calafat AM, Lyu C, Kato K, Ryan PB, 8tdand K. 2010. Rate of decline in serum
PFOA concentrations after granular activated caffiimation at two public water systems in Ohio
and West Virginia. Environmental Health Perspe&iv&8(2):222-228.

Bayerisches Landesamt fur Umwelt. 2010. Bestimmuypmersistenter, bioakkumulierender
Perfluoralkylverbindungen in verschiedenen Umwettinas. Bayerisches Landesamt fur Umwelt
(LfU).

Becker AM, Gerstmann S, Frank H. 2008 Dec. Perflactanoic acid and perfluorooctane
sulfonate in the sediment of the Roter Main rivgayreuth, Germany. Environ Pollut 156(3):818-
820.

Becker AM, Suchan M, Gerstmann S, Frank H. 2010 .NPerfluorooctanoic acid and
perfluorooctane sulfonate released from a wasteerwlieatment plant in Bavaria, Germany.
Environ Sci Pollut Res Int 17(9):1502-1507.

Begley TH, White K, Honigfort P, Twaroski ML, NecheR, Walker RA. 2005 Oct.
Perfluorochemicals: potential sources of and mignatrom food packaging. Food Addit Contam
22(10):1023-1031.

Beilstein. 2005. Handbook of Organic Chemistry (jo#). request Jaunary 12.

66



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Berger.U., Herzke D. 2006. Per- and polyfluorinaaéd/l substances (PFAS) extracted from textile
samples. Organohalogen Compounds 68:2023-2026.

Biegel LB, Hurtt ME, Frame SR, O'Connor JC, Cook 4@01. Mechanisms of extrahepatic tumor
induction by peroxisome proliferators in male CiBsra oxicol Sci 60(1):44-55.

Bjorklund JA, Thuresson K, De Wit CA. 2009 Apr. Reroalkyl compounds (PFCs) in indoor
dust: concentrations, human exposure estimates,saadtes. Environ Sci Technol 43(7):2276-
2281.

Borga K, Kidd KA, Muir DC, Berglund O, Conder JM,0@as FA, Kucklick J, Malm O, Powell
DE. 2011. Trophic magnification factors: Considenas of ecology, ecosystems and study design.
Integr Environ Assess Manag Epub ahead of print.

Boulanger B, Vargo JD, Schnoor JL, Hornbuckle KOO2 Aug. Evaluation of perfluorooctane
surfactants in a wastewater treatment system anal aommercial surface protection product.
Environ Sci Technol 39(15):5524-5530.

Boyd SA. 1993a. Review of Technical Notebook. Sihin Layer Chromatographie. Michigan
State University Number 48277, 30. U.S. EnvironrakRtotection Agency Administrative Record
226-1030a089.

Boyd SA. 1993b. Review of Technical Report Summagsorption of FC 96 and FC 143 in Soil.
Michigan State University. U.S. Environmental Potien Agency Administrative Record 226-
0488.

Brace NO. 1962. Long chain alkanoic and alkenoidsawith perfluoroalkyl terminal segments. J
Org Chem 27(12):4491-4498.

Brede E, Wilhelm M, Gden T, Muller J, Rauchfuss Kkaft M, Hdlzer J. 2010 Jun. Two-year
follow-up biomonitoring pilot study of residentshd controls' PFC plasma levels after PFOA
reduction in public water system in Arnsberg, Gammndnt J Hyg Environ Health 213(3):217-223.

Burns DC, Ellis DA, Li H, McMurdo CJ, Webster E. @ Dec. Experimental pKa determination

for perfluorooctanoic acid (PFOA) and the potenimpact of pKa concentration dependence on
laboratory-measured partitioning phenomena andremwviental modeling. Environ Sci Technol

42(24):9283-9288.

Busch J, Ahrens L, Sturm R, Ebinghaus R. 2010 M#&gayfluoroalkyl compounds in landfill
leachates. Environ Pollut 158(5):1467-1471.

Busch J, Ahrens L, Xie Z, Sturm R, Ebinghaus R.®0anb. Polyfluoroalkyl compounds in the
East Greenland Arctic Ocean. J Environ Monit 12A(342-1246.

Butenhoff J, Costa G, Elcombe C, Farrar D, Hanseiwidi H, Jung R, Kennedy G, Jr., Lieder P,
Olsen G, Thomford P. 2002 Sep. Toxicity of ammonipenfluorooctanoate in male cynomolgus
monkeys after oral dosing for 6 months. Toxicol &&{1):244-257.

Butenhoff JL, Kennedy GL, Jr., Frame SR, O'Conr®@y York RG. 2004 Mara. The reproductive
toxicology of ammonium perfluorooctanoate (APFOjha rat. Toxicology 196(1-2):95-116.

67



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Butenhoff JL, Kennedy J, Hinderliter PM, Lieder PHing R, Hansen KJ, Gorma GS, Nokers PE,
Thomford PJ. 2004b. Pharmacokinetics of perfluotaogate in cynomolgus monkeys. Toxicol Sci
82(2):394-406.

Butt CM, Berger U, Bossi R, Tomy GT. 2010 Jul. Usvand trends of poly- and perfluorinated
compounds in the arctic environment. Sci Total E;vi408(15):2936-2965.

Butt CM, Mabury SA, Kwan M, Wang X, Muir DC. 2008dvl Spatial trends of perfluoroalkyl
compounds in ringed seals (Phoca hispida) from Gheadian Arctic. Environ Toxicol Chem
27(3):542-553.

Butt CM, Muir DC, Stirling I, Kwan M, Mabury SA. ZIY Jan. Rapid response of Arctic ringed
seals to changes in perfluoroalkyl production. EmviSci Technol 41(1):42-49.

Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, TwullJS, Needham LL. 2007. Serum
concentrations of 11 polyfluoroalkyl compounds e tU.S. population: Data from the National
Health and Nutrition Examination Survey (NHANES)9992000. Environmental Science and
Technology 41(7):2237-2242.

Cheung C, Akiyama TE, Ward JM, Nicol CJ, FeigenbaumVinson C, Gonzalez FJ. 2004.
Diminished hepatocellular proliferation in mice hamzed for the nuclear receptor peroxisome
proliferator-activated receptor alpha. Cancer RE45):3849-3854.

Christensen KY, Maisonet M, Rubin C, Holmes A, GatlaAM, Kato K, Flanders WD, Heron J,
McGeehin MA, Marcus M. 2011. Exposure to polyflualio/l chemicals during pregnancy is not
associated with offspring age at menarche in a etopbrary British cohort. Environment
International 37(1):129-135.

Christopher B, Marisa AJ. 1977. 28-day oral toyicstudy with FC-143 in albino mice. Final
Report, Industrial Bio-Test Laboratories, Inc. Studo. 8532-10655, 3M Reference No. T-
1742CoC, Lot 269.

CIT. 2003a. Acute toxicity in Daphnia magna undttis condiditions. CIT/study No. 22654
EAD/Ammonium perfluorooctanoate (APFO)/APME.

CIT. 2003b. Acute toxicity in the rainbow trout werdstatic conditions. CIT/Study No. 22655 EAP /
Ammonium perfluorooctanoate (APFO)/APME.

CIT. 2003c. Daphnia magna reproduction test. Clithst No. 22658 ECP/ Ammonium
perfluorooctanoate (APFO)/APME.

CIT. 2004a. Algae Inhibition Test. CIT/Study No.&8% EAA/Ammonium perfluorooctanoate
(APFO)/APME.

CIT. 2004b. Early-life stage toxicity in Rainbovotit under flow-trough conditions. CIT/Study No.
22659 ECP Ammonium perfluorooctanoate (APFO)/APME.

Conder JM, Gobas FAPC, Borga K, Muir DCG, Powell.2B11. Use of trophic magnification
factors and related measures to characterize hicadation potential of chemicals. Integr Environ
Assess Manag:n/a.

68



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Cook JC, Hurtt SR, Frame SR, Biegel LB. 1984. Madras of extrahepatic tumor induction by
peroxisome proliferators in Crl:CD BR (CD) rats.Xialogist 14:11609.

Costa G, Sartori S, Consonni D. 2009 March. Thigigars of medical surveillance in
perfluorooctanoic acid production workers. J OcEmpiron Med 51: 364-372.

Costner P, Thorpe B, McPherson A. 2005. Sick oftpdkemicals In Common Products — A
Needless Health Risk In Our Homes). A project a&@l Production Action.
http://www.cleanproduction.org/library/Dust%20R ejyodf

Czub G, McLachlan MS. 2004. Bioaccumulation potantf persistent organic chemicals in
humans. Environmental Science and Technology 3B{85-2412.

D'Hollander W, de VP, De CW, Bervoets L. 2010. Rerinated substances in human food and
other sources of human exposure. Rev Environ Coiitaicol 208:179-215.

Daikin. 2000. Bioaccumulation test of perfluorakkglarboxylic acid (C=7-13) in carp. Test No.
51519, p.26, Kurume Laboratory, Chemicals Evalua#ind Research Institue, Japan.

Danish Ministry of the Environment. 2005. More aovimentally friendly alternatives to PFOS-
compound and PFOA.

D’eon J., Mabury S.A. 2011.Exploring Indirect Samsof Human Exposure to Perfluoroalkyl
Carboxylates (PFCASs): Evaluating Uptake, Eliminatiand Biotransformation of Polyfluoroalkyl
Phosphate Esters (PAPS) in the Rat. Environmerdalthl Perspectives 119, 344-350

Dietz R, Bossi R, Rigét FF, Sonne C, Born EW. 2808. Increasing Perfluoroalkyl Contaminants
in East Greenland Polar Bears (Ursus maritimud)tefv Toxic Threat to the Arctic Bears. Environ
Sci Technol 42(7):2701-2707.

Dreyer A, Matthias V, Temme C, Ebinghaus R. 2009. Annual time series of air concentrations
of polyfluorinated compounds
2. Environ Sci Technol 43(11):4029-4036.

Dreyer A, Matthias V, Weinberg |, Ebinghaus R. 20May. Wet deposition of poly- and
perfluorinated compounds in Northern Germany. EwviPollut 158(5):1221-1227.

DuPont Co. 1994. Static, Acute 96-Hour LC50 to BilléSunfish, Lepomis macrochirus. Report
No. HL-61-94.

DuPont Co. 1997. Evaluation of the Biodegradabibfy C-8 Using the Modified Sturm Test
(OECD 301 B).

DuPont Co. 1999a. RCRA Facility Investigation RepbDuPont Washington Works, West Virginia
USEPA Permit Number WVD04-587-5291. Docket # OPR0320012-0184.

DuPont Co. 1999b. Static, Acute 96-Hour LC50 tabaiw trout, Oncorhynchus mykiss. Report
No. DuPont-3381.

DuPont Co. 2003. Surface Water Monitoring Report\idashington Works Facility and Local,

Letart and Dry Run Landfills. Washington, WV. U.&nvironmental Protection Agency
Administrative Record 226-1508.

69



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

EFSA 2005. Opinion of the Scientific Panel on faadditives, flavourings, processing aids and
materials in contact with food (AFC) on a requesated to a 9th list of substances for food contact
materials Question N° EFSA-Q-2004-071, EFSA-Q-2004; EFSA-Q-2003-214, EFSA-Q-2003-
222 Adopted on 29 June 2005, The EFSA Journal (24@  1-16,
http://www.efsa.europa.eu/de/efsajournal/doc/248a.p

EFSA 2008. Perfluorooctane sulfonate (PFOS), parfloctanoic acid (PFOA) and their salts,
Scientific Opinion of the Panel on Contaminantthie Food chain (Question No EFSA-Q-2004-
163), Adopted on 21 February 2008, The EFSA Joy2t48) 653, 1-131.

EG & G B. 1978. The Effects of Continous Aqueoup@sure on Hatchability of Eggs and Growth
and Survival of Fry of Fathead MInniw, Pimephalesmpelas. Report No. BW-78-6-175, U.S. EPA
Administrative Record 226-0502.

Elcombe CR, Elcombe BM, Foster JR, Farrar DG, JRnGhang SC, Kennedy GL, Butenhoff JL.
2010. Hepatocellular hypertrophy and cell prolifena in Sprague-Dawley rats following dietary
exposure to ammonium perfluorooctanoate occurautfironcreased activation of the xenosensor
nuclear receptors PPARI+ and CAR/PXR. Arch Toxi@4{10):787-798.

Ellis DA, Martin JW, De Silva AO, Mabury SA, HurleyiD, Sulbaek Andersen MP, Wallington
TJ. 2004 Jun. Degradation of fluorotelomer alcohaltkely atmospheric source of perfluorinated
carboxylic acids. Environ Sci Technol 38(12):331323.

Emmet EA, Shofer FS, Zhang H, Freemann D, Des&@Haw LM. 2006. Community exposure to
perfluorooctanoate: Relationships between seruntesgrations and exposure sources. J Occup
Environ Med 48(8):759-770.

Environment Canada. 2012. Ecological Screening #ssent Report. Long-Chain (C9-C20)
Perfluorocarboxylic Acids, their Salts and theie&ursors.

Ericson I, Marti-Cid R, Nadal M, Van BB, Lindstro®, Domingo JL. 2008 Mara. Human exposure
to perfluorinated chemicals through the diet: ietak perfluorinated compounds in foods from the
Catalan (Spain) market. J Agric Food Chem 56(5)71¥B894.

Ericson I, Nadal M, Van BB, Lindstrom G, Domingo. 008 Octb. Levels of perfluorochemicals
in water samples from Catalonia, Spain: is drinkimgter a significant contribution to human
exposure? Environ Sci Pollut Res Int 15(7):614-619.

Eriksen KT, SA rensen M, McLaughlin JK, Lipworth TjA nneland A, Overvad K, Raaschou-
Nielsen O. 2009. Perfluorooctanoate and perfludswsulfonate plasma levels and risk of cancer
in the general danish population. Journal of theddal Cancer Institute 101(8):605-609.

European Food Safety Authority. 2011 Feb. Resuftshe monitoring of perfluoroalkylated
substances in food in the period 2000 - 2009. EF&@#nal 09(2):2016-2040.

Fasano WJ, Kennedy GL, Szostek B, Farrar DG, Wald Haroun L, Hinderliter PM. 2005.
Penetration of ammonium perfluorooctanoate throwgthand human skin in vitro. Drug and
Chemical Toxicology 28(1):79-90.

Fei C, McLaughlin JK, Tarone RE, Olsen J. 2007 Neetfluorinated chemicals and fetal growth: a
study within the Danish National Birth Cohort. Eron Health Perspect 115(11):1677-1682.

70



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Fei C, McLaughlin JK, Lipworth L, Olsen J. 2009 JMuaternal levels of perfluorinated chemicals
and subfecundity. Hum Reprod 24(5):1200-1205.

Fenton SE, Reiner JL, Nakayama SF, Delinsky ADni&ialP, Hines EP, White SS, Lindstrom AB,
Strynar MJ, Petropoulou SSE. 2009. Analysis of PR@Aosed CD-1 mice. Part 2: Disposition of
PFOA in tissues and fluids from pregnant and laggaimice and their pups. Reproductive
Toxicology 27(3-4):365-372.

Franklin J. 2002. Screening Assessment for therfiatdor Long-Range Atmospheric Transport of
Perfluorooctanoic Acid. OPPT-2003-0012-0322.

Freberg BI, Haug LS, Olsen R, Daae HL, Hersson Myriisen C, Thorud S, Becher G, Molander
P, Ellingsen DG. 2010 Oct. Occupational exposuraitborne perfluorinated compounds during
professional ski waxing. Environ Sci Technol 44(19p3-7728.

Fromme H, Midasch O, Twardella D, Angerer J, Boeh®geLiebl B. 2007 Feb. Occurrence of
perfluorinated substances in an adult German ptipaolan southern Bavaria. Int Arch Occup
Environ Health 80(4):313-319.

Fromme H, Mosch C, Morovitz M, Alba-Alejandre |, 8umer S, Kiranoglu M, Faber F, Hannibal
I, Genzel-Boroviczeny O, Koletzko B, Volkel W. 201®ep. Pre- and postnatal exposure to
perfluorinated compounds (PFCs). Environ Sci TethnA¢l8):7123-7129.

Fromme H, Tittlemier SA, Volkel W, Wilhelm M, Twaetla D. 2009. Perfluorinated compounds -
Exposure assessment for the general populationestesn countries. Int J Hyg Environ Health
212(3):239-270.

Gibson SJ, Johnson JD. 1979. Absorption of FC-f@3in rats after a single oral dose. Riker
Laboratories, Inc., Subsidiary of 3M, St. Paul, MN.

Gobas FAPC, de Wolf W, Burkhard LP, Verbruggen HptaRe K. 2009. Reuvisiting
Bioaccumulation Criteria for POPs and PBT Assesssadmtegr Environ Assess Manag 5:624-637.

Goldenthal El. 1978a. Ninety day sub-acute ratdibxistudy on Flurado® Fluorochemical FC-143.
International Research and development corporatsdugdy No. 137-089, 3M Reference No. T-
3141, November 6, 1978. US EPA AR226-0441.

Goldenthal EI. 1978b. Ninety day sub-acute RhesaaKdy toxicity study. International Research
and development corporation, Study No. 137-090,exdser 10, 1978. US EPA AR226-0447.

Gonzalez FJ, Shah YM. 2008. PPARalpha: Mechanism spkcies differences and
hepatocarcinogenesis of peroxisome proliferatoogicblogy 246(1):2-8.

Goosey E, Harrad S. 2011. Perfluoroalkyl compounddust from Asian, Australian, European,
and North American homes and UK cars, classroontspéfices. Environ Int 37:86-92.

Gordon SC. 2011. Toxicological evaluation of amnuomi4,8-dioxa-3H-perfluorononanoate, a new
emulsifier to replace ammonium perfluorooctanoatdluoropolymer manufacturing. Regulatory
Toxicology and Pharmacology 59(1):64-80.

Gortner EG. 1981. Oral teratology study of T-29980n rats. Safety Evaluation Laboratory and
Riker Laboratories, Inc. Experiment Number: 0681 TRD

71



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Gortner EG. 1982. Oral teratology study of T-314CCa rabbits. Safety Evaluation Laboratory
and Riker Laboratories, Inc. Experiment Number: 10d80398.

Goss KU. 2008 Jan. The pKa values of PFOA and ofinghly fluorinated carboxylic acids.
Environ Sci Technol 42(2):456-458.

Goss, K.-U., 2008b. Additions and Correction 2008, Volume 42, pages 456-458. Environ. Sci.
Technol. 42(13): 5032.

Griffith FD, Long JE. 1980. Animal toxicity studiegith ammonium perfluorooctanoate. Am Ind
Hyg Assoc J 41(8):576-583.

Guo R, Sim WJ, Lee ES, Lee JH, Oh JE. 2010 Junluktran of the fate of perfluoroalkyl
compounds in wastewater treatment plants. WatedRgsl):3476-3486.

Gutzkow KB, Haug LS, Thomsen C, Sabaredzovic A,h&ecG, Brunborg G. 2011. Placental
transfer of perfluorinated compounds is selectiv& Norwegian Mother and Child sub-cohort
study.

Han X, Snow TA, Kemper RA, Jepson GW. 2003. Bindaofgperfluorooctanoic acid to rat and
human plasma proteins. Chem Res Toxicol 16(6): &h-7

Hanson M, Small J, Sibley P, Boudreau T, Brain RphNry S, Solomon K. 2005 Oct. Microcosm
Evaluation of the Fate, Toxicity, and Risk to Adqaa¥lacrophytes from Perfluorooctanoic Acid
(PFOA). aect 49(3):307-316.

Hanssen L, RAfllin H, Odland JO, Moe MK, Sandangst. 2010. Perfluorinated compounds in
maternal serum and cord blood from selected are8suth Africa: Results of a pilot study. Journal
of Environmental Monitoring 12(6):1355-1361.

Harada K, Inoue K, Morikawa A, Yoshinaga T, Saitp Rbizumi A. 2005. Renal clearance of
perfluorooctane sulfonate and perfluorooctanoatbumans and their species-specific excretion.
Environmental Research 99(2):253-261.

Harada K, Saito N, Inoue K, Yoshinaga T, Watanap8adsaki S, Kamiyama S, Koizumi A. 2004
Mar. The influence of time, sex and geographicdiecbn levels of perfluorooctane sulfonate and
perfluorooctanoate in human serum over the laste2s. J Occup Health 46(2):141-147.

Hardisty JF. 2005. Pathology peer review and pathoivorking group review of mammary glands
from a chronic feeding study in rats with PFOA. P\W§port.Experimental Pathology Laboratories,
Inc. Research Triangle Park, NC. June 17, 2005.

Harrad S, de Wit CA, Abdallah MA-E, Bergh C, Bjarkld JA, Covaci A, Darnerud PO, de Boer J,
Diamond M, Huber S, Leonards P, Mandalakis M, Osti@aHaug LS, Thomsen C, Webster TF.
2010 Apr. Indoor contamination with hexabromocycddeécanes, polybrominated diphenyl ethers,
and perfluoroalkyl compounds: An important expospathway for people? Environ Sci Technol
44(9):3221-3231.

Haug LS, Huber S, Becher G, Thomsen C. 2011a. Cteaisation of human exposure pathways to

perfluorinated compounds - Comparing exposure @$&isn with biomarkers of exposure.
Environment International 37(4):687-693.

72



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Haug LS, Huber S, Schlabach M, Becher G, ThomseB0Clb. Investigation on Per- and
Polyfluorinated Compounds in Paired Samples of ldoDsist and Indoor Air from Norwegian
Homes. Environ. Sci. Technol. 45: 7991-7998

Haug LS, Salihovic S, Jogsten IE, Thomsen C, Van BBdstrom G, Becher G. 2010 Auga.
Levels in food and beverages and daily intake offlg@inated compounds in Norway.
Chemosphere 80(10):1137-1143.

Haug LS, Thomsen C, Becher G. 2009 Mar. Time treards the influence of age and gender on
serum concentrations of perfluorinated compoundsarchived human samples. Environ Sci
Technol 43(6):2131-2136.

Haug LS, Thomsen C, Brantsaeter AL, Kvalem HE, Haulyl, Becher G, Alexander J, Meltzer
HM, Knutsen HK. 2010 Octb. Diet and particularlya®d are major sources of perfluorinated
compounds in humans. Environ Int 36(7):772-778.

Hekster FM, de Voogt P, Pijnenburg AMCM, Laane RWREM02. Perfluoralkylated substances -
aguatic environmental assessment. University oftardam/RIKZ. Report RIKZ/2002.043.

Higgins CP, Luthy RG. 2006 Dec. Sorption of perfinated surfactants on sediments. Environ Sci
Technol 40(23):7251-7256.

Higgins CP, McLeod PB, MacManus-Spencer LA, Luth.R2007 Jul. Bioaccumulation of
perfluorochemicals in sediments by the aquaticoaligete Lumbriculus variegatus. Environ Sci
Technol 41(13):4600-4606.

Hinderliter PM, DeLorme MP, Kennedy GL. 2006. Paoflooctanoic acid: Relationship between
repeated inhalation exposures and plasma PFOA otraten in the rat. Toxicology 222(1-2):80-
85.

Hinderliter PM, Mylchreest E, Gannon SA, Butenhdlf, Kennedy J. 2005. Perfluorooctanoate:
Placental and lactational transport pharmacokiseticats. Toxicology 211(1-2):139-148.

Holmstrom KE, Johansson AK, Bignert A, LindbergB&rger U. 2010 May. Temporal trends of
perfluorinated surfactants in Swedish peregrinecialeggs (Falco peregrinus), 1974-2007. Environ
Sci Technol 44(11):4083-4088.

Holzer J, Goen T, Rauchfuss K, Kraft M, AngereKlkzeschulte P, Wilhelm M. 2009. One-year
follow-up of perfluorinated compounds in plasma@é rman residents from Arnsberg formerly
exposed to PFOA-contaminated drinking water. Irggamal Journal of Hygiene and
Environmental Health In Press, Corrected Proof.

Hop H, Borga K, Wing G, Lars G, Janneche K, Skddre2002. Food web magnification of
persistent organic pollutants in poikilotherms amdmeotherms from the Barents Sea.
Environmental Science and Technology 36(12):2589725

Hori H, Hayakawa E, Einaga H, Kutsuna S, Koike Buyduki T, Kiatagawa H, Arakawa R. 2004
Nov. Decomposition of environmentally persistentrflperooctanoic acid in water by
photochemical approaches. Environ Sci Technol 38228-6124.

73



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Hori H, Nagaoka Y, Murayama M, Kutsuna S. 2008 OEfficient decomposition of
perfluorocarboxylic acids and alternative fluorocheal surfactants in hot water. Environ Sci
Technol 42(19):7438-7443.

Hori H, Yamamoto A, Hayakawa E, Taniyasu S, YantasNi, Kutsuna S, Kiatagawa H, Arakawa
R. 2005 Apr. Efficient decomposition of environmalit persistent perfluorocarboxylic acids by
use of persulfate as a photochemical oxidant. Bnvci Technol 39(7):2383-2388.

Houde M, Bujas TA, Small J, Wells RS, Fair PA, Bo$sGD, Solomon KR, Muir DC. 2006a.
Biomagnification of perfluoroalkyl compounds in thettlenose dolphin (Tursiops truncatus) food
web. Environ Sci Technol 40(13):4138-4144.

Houde M, Martin JW, Letcher RJ, Solomon KR, Muir D2006b. Biological monitoring of
polyfluoroalkyl substances: A review. Environ S@chnol 40(11):3463-3473.

Hundley SG, Sarrif AM, Kennedy J. 2006. Absorptidistribution, and excretion of ammonium
perfluorooctanoate (APFO) after oral administratitm various species. Drug and Chemical
Toxicology 29(2):137-145.

Hurley MD, Andersen MPS, Wallington TJ, Ellis DA,avtin JW, Mabury SA. 2004. Atmospheric
chemistry of perfluorinated carboxylic acids: Reéatwith OH radicals and atmospheric lifetimes.
Journal of Physical Chemistry A 108(4):615-620.

Igarashi S, Yotsuyanagi T. 1992. Homogeneous Lidpigdid Extraction by pH Dependet Phase
Seperation with a Fluorocarbon lonic Surfactant &sdApplication to the Preconcentrations of
Prophyrin Compounds. Mikrochim Acta 106(1):37-44.

lkeda T, Aiba K, Fukuda K, Tanaka M. 1985 Aug. Théuction of peroxisome proliferation in rat
liver by perfluorinated fatty acids, metabolicaligert derivatives of fatty acids. J Biochem
98(2):475-482.

Ishibashi H, lwata H, Kim EY, Tao L, Kannan K, AneaM, Miyazaki N, Tanabe S, Batoev VB,
Petrov EA. 2008 Apr. Contamination and Effects @frflRlorochemicals in Baikal Seal (Pusa
sibirica). 1. Residue Level, Tissue DistributiomdaTemporal Trend. Environ Sci Technol
42(7):2295-2301.

Jahnke A, Ahrens L, Ebinghaus R, Temme C. 2007 Bdimn versus remote air concentrations of
fluorotelomer alcohols and other polyfluorinateklyhlsubstances in Germany. Environ Sci Technol
41(3):745-752.

Jardine TD, Kidd KA, Fisk AT. 2006. Applicationsprsiderations, and sources of uncertainty
when using stable isotope analysis in ecotoxicaldggvironmental Science and Technology
40(24):7501-7511.

Joensen UN, Bossi R, Leffers H, Jensen AA, SkakiebWE, Jorgensen N. 2009. Do
Perfluoroalkyl Compounds Impair Human Semen QualiBnvironmental Health Perspectives
117(6):923-927.

Johnson JD, Gibson SJ, Ober RE. 1984. Cholestyememnhanced fecal elimination of carbon-14 in

rats after administration of ammonium [l4C]perfloactanoate or  potassium
[14C]perfluorooctanesulfonate. Fundam Appl Toxi4(8):972-976.

74



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Kaiser MA, Larsen BS, Kao CPC, Buck RC. 2005. Vapoessures of perfluorooctanoic, -
nonanoic, -decanoic, -undecanoic, and -dodecanciitsAJ Chem Eng Data 50(6):1841-1843.

Kaiser MA, Dawson BJ, Barton CA, Botelho MA, 201fhderstanding potential exposure sources
of perfluorinated carboxylic acids in the workplag&n Occup Hyg 54(8): 915-922.Kannan K, Tao
L, Sinclair E, Pastva SD, Jude DJ, Giesy JP. 20G@y.MPerfluorinated compounds in aquatic
organisms at various trophic levels in a Great kal@d chain. Arch Environ Contam Toxicol
48(4):559-566.

Karrman A, Domingo JL, Llebaria X, Nadal M, Bigas, ®an BB, Lindstrom G. 2010.
Biomonitoring perfluorinated compounds in Catalgr8@ain: concentrations and trends in human
liver and milk samples

65. Environ Sci Pollut Res Int 17(3):750-758.

Karrman A, Ericson I, Van BB, Darnerud PO, Aune Glynn A, Lignell S, Lindstrom G. 2007
Feb. Exposure of perfluorinated chemicals throuagtaltion: levels of matched human milk and
serum and a temporal trend, 1996-2004, in Swedavirdh Health Perspect 115(2):226-230.

Kato K, Calafat AM, Needham LL 2009. Polyfluoroadlkhemicals in house dust. Environmental
Research 109: 518-523

Kauck EA, Diesslin AR. 1951. Some properties offlperocarboxylic acids. Ind Enf Chem
43:2332-2334.

Kelly BC, Gobas FAPC. 2001. Bioaccumulation of pent organic pollutants in lichen-caribou-
wolf food chains of Canada's Central and Westerti@rEnvironmental Science and Technology
35(2):325-334.

Kelly BC, Gobas FAPC. 2003 Jul. An arctic terredtriood-chain bioaccumulation model for
persistent organic pollutants
1. Environ Sci Technol 37(13):2966-2974.

Kelly BC, Gobas FAPC, McLachlan MS. 2004 Oct. Ihtesl absorption and biomagnification of
organic contaminants in fish, wildlife, and humageyviron Toxicol Chem 23(10):2324-2336.

Kelly BC, lkonomou MG, Blair JD, Surridge B, Hoové», Grace R, Gobas FAPC. 2009.
Perfluoroalkyl Contaminants in an Arctic Marine Bo@/eb: Trophic Magnification and Wildlife
Exposure. Environ Sci Technol 43(11):4037-4043.

Kelly BC, lkonomou MG, Blair JD, Morin AE, Gobas P&L. 2007 Jul. Food web-specific
biomagnification of persistent organic pollutarsience 317(5835):236-239.

Kemper RA, Jepson GW. 2003. Pharmacokinetics dlymeooctanoic acid in male and female
rats. Toxicologist 72(1 S):148.

Kennedy J. 1985. Dermal toxicity of ammonium pesfhoctanoate. Toxicol Appl Pharmacol
81(2):348-355.

Kennedy J, Hall GT, Brittelli MR. 1986. Inhalatiooxicity of ammonium perfluorooctanoate. Food
Chem Toxicol 24(12):1325-1329.

75



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Kim SK, Kannan K. 2007 Dec. Perfluorinated acidsain rain, snow, surface runoff, and lakes:
relative importance of pathways to contaminatiomrdfan lakes. Environ Sci Technol 41(24):8328-
8334.

Kim SK, Lee KT, Kang CS, Tao L, Kannan K, Kim KRjiK CK, Lee JS, Park PS, Yoo YW, Ha

JY, Shin YS, Lee JH. 2011. Distribution of perflachemicals between sera and milk from the
same mothers and implications for prenatal andnadst exposures. Environmental Pollution
159(1):169-174.

Kirk-Othmer. 1994. Encyclopaedia of Chemical Tedbgy. 14" ed. Volumes 1: New York, NY.
John Wiley and Sons, 1991-Present., p. V11 551.

Kissa E. 1994. Fluorinated surfactants: Synthesayerties, and applications. Marcel Dekker, New
York.

Kissa E. 2001. Fluorinated Surfactants and Reppel&farcel Dekker; New York.

Kitano M. 2007. Discussion paper on bioaccumulagealuation. UNEP/POPS/POPRC.3/INF/8.
Geneva (CH): UN Environment Programme. 17p.

Knox SS, Jackson T, Javins B, Frisbee SJ, Shank&u&atman AM. 2011. Implications of early
menopause in women exposed to perfluorocarbonkn EGdocrinol Metab 96(6):1747-1753.

Kubwabo C, Stewart B, Zhu J, Marro L 2005. Occuceeaf perfluorosulfonates and other
perfluorochemicals in dust from selected homeséndity of Ottawa, Canada. J .Environ.Monit. 7:
1074-1078;

Kuklenyik Z, Reich JA, Tully JS, Needham LL, Calka#@M. 2004 Jul. Automated solid-phase
extraction and measurement of perfluorinated oanids and amides in human serum and milk.
Environ Sci Technol 38(13):3698-3704.

Kutsuna S, Hori H. 2008. Experimental determinatbiienry's law constant of perfluorooctanoic
acid (PFOA) at 298 K by means of an inert-gas gimigp method with a helical plate. Atmospheric
Environment 42(39):8883-8892.

Kwok KY, Taniyasu S, Yeung LW, Murphy MB, Lam PKoHi Y, Kannan K, Petrick G, Sinha
RK, Yamashita N. 2010 Sep. Flux of perfluorinaté@rmicals through wet deposition in Japan, the
United States, and several other countries. Enva@nTechnol 44(18):7043-7049.

Lau C, Anitole K, Hodes C, Lai D, Pfahles-Hutché&gsSeed J. 2007 Oct. Perfluoroalkyl acids: A
review of monitoring and toxicological findings. Xiool Sci 99(2):366-394.

Lau C, Thibodeaux JR, Hanson RG, Narotsky MG, Rogdét, Lindstrom AB, Strynar MJ. 2006.
Effects of perfluorooctanoic acid exposure durimggmancy in the mouse. Toxicol Sci 90(2):510-
518.

Lechner M., Knapp, H. 2011. Carryover of Perfluatamoic Acid (PFOA) and Perfluoroctane
Sulfonate (PFOS) from Soil to Plant and Distribatio the Different Plant Compartments studied
in Cultures of Carrots (Daucus carota ssp. Satj\Rsjatoes (Solanum tuberosum), and Cucumbers
(Cucumis Sativus) J.Agric. Food.Chem. 59: 110111810

76



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Leonard RC, Kreckmann KH, Sakr CJ, Symons JM. 28@#rospective Cohort Mortality Study of
Workers in a Polymer Production Plant Including efdRence Population of Regional Workers.
Annals of Epidemiology 18(1):15-22.

Li H, Ellis D, Mackay D. 2007. Measurement of low-aater partition coefficients of organic
acids by evaporation from a water surface. J CheqiBata 52(5):1580-1584.

Li Y, Ramdhan DH, Naito H, Yamagishi N, Ito Y, Haya Y, Yanagiba Y, Okamura A, Tamada H,
Gonzalez FJ, Nakajima T. 2011. Ammonium perfluotanoate may cause testosterone reduction
by adversely affecting testis in relation to PPARI#xicol Lett 205(3):265-272.

Lide DR. 2003. CRC Handbook of Chemistry and PlsysBRC Press.

Lin CY, Lin LY, Chiang CK, Wang WJ, Su YN, Hung KXChen PC. 2010 Jun. Investigation of
the associations between low-dose serum perfludnehemicals and liver enzymes in US adults.
Am J Gastroenterol. 105(6):1354-63.

Lines D, Sutcliffe H. 1984. Preparation and propsrof some salts of perfluorooctanoic acid. J
Fluorine Chem 25(4):505-512.

Liou JS, Szostek B, Derito CM, Madsen EL. 2010 Amvestigating the biodegradability of
perfluorooctanoic acid. Chemosphere 80(2):176-183.

Liu W, Jin Y, Quan X, Sasaki K, Saito N, Nakayam&, Sato |, Tsuda S. 2009 May.
Perfluorosulfonates and perfluorocarboxylates iowsrand rain in Dalian, China. Environ Int
35(4):737-742.

Llorca M, Farré M, Pic6 Y, Teijon ML, Alvarez JG,aBel6 D. 2010 Aug. Infant exposure of
perfluorinated compounds: Levels in breast milk aachmercial baby food. Environ Int 36(6):584-
592.

Loganathan BG, Sajwan KS, Sinclair E, Senthil KKankan K. 2007 Dec. Perfluoroalkyl
sulfonates and perfluorocarboxylates in two wastewareatment facilities in Kentucky and
Georgia. Water Res 41(20):4611-4620.

Loi El, Yeung LW, Taniyasu S, Lam PK, Kannan K, Yashita N. 2011 Jul. Trophic magnification
of poly- and perfluorinated compounds in a subtabifood web. Environ Sci Technol
45(13):5506-5513.

Loos R, Locoro G, Comero S, Contini S, Schwesiy\@sres F, Balsaa P, Gans O, Weiss S, Blaha
L, Bolchi M, Gawlik BM. 2010 Jul. Pan-European seyvon the occurrence of selected polar
organic persistent pollutants in ground water. WBtes 44(14):4115-4126.

Loos R, Locoro G, Huber T, Wollgast J, Christoph, eld JA, Manfred GB, Hanke G, Umlauf G,
Zaldivar JM. 2008 Mar. Analysis of perfluorooctatma(PFOA) and other perfluorinated
compounds (PFCs) in the River Po watershed in N:I@hemosphere 71(2):306-313.

Loos R, Wollgast J, Huber T, Hanke G. 2007 FebaPbkrbicides, pharmaceutical products,
perfluorooctanesulfonate (PFOS), perfluorooctanod®~0OA), and nonylphenol and its
carboxylates and ethoxylates in surface and tagr&atround Lake Maggiore in Northern Italy.
Anal Bioanal Chem 387(4):1469-1478.

77



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Lopez-Espinosa MJ, Fletcher T, Armstrong B, GerdebDhatariya K, Mondal D, Ducatman A,
Leonardi G. 2011 Oct. Association of PerfluoroocianAcid (PFOA) and Perfluorooctane
Sulfonate (PFOS) with Age of Puberty among Childtenng near a Chemical Plant. Environ Sci
Technol 45(19):8160-8166.

Lépez-Fontan J, Sarmiento F, Schulz PC. 2005. Queegation of sodium perfluoroctanoate in
water. Colloid Polym Sci 283:862-871.

Lundin JI, Alexander BH, Olsen GW, Church TR. 2088monium perfluorooctanoate production
and occupational mortality. Epidemiology 20(6):9228.

MacDonald MM, Warne AL, Stock NL, Mabury SA, Solom&R, Sibley PK. 2004 Sep. Toxicity
of perfluorooctane sulfonic acid and perfluoroociaracid to Chironomus tentans. Environ Toxicol
Chem 23(9):2116-2123.

Maestri L, Negri S, Ferrari M, Ghittori S, FabrisPanesino P, Imbriani M. 2006. Determination of
perfluorooctanoic acid and perfluorooctanesulfonaie human tissues by liquid
chromatography/single quadrupole mass spectromeRgpid Commun Mass Spectrom
20(18):2728-2734.

Martin JW, Mabury SA, Solomon KR, Muir DC. 2003 aanBioconcentration and tissue
distribution of perfluorinated acids in rainbowutg@Oncorhynchus mykiss). Environ Toxicol Chem
22(1):196-204.

Martin JW, Mabury SA, Solomon KR, Muir DC. 2003 baDietary accumulation of perfluorinated
acids in juvenile rainbow trout (Oncorhynchus mgki€nviron Toxicol Chem 22(1):189-195.

Martin JW, Smithwick MM, Braune BM, Hoekstra PF, MWDC, Mabury SA. 2004 Jana.
Identification of long-chain perfluorinated acids biota from the Canadian Arctic. Environ Sci
Technol 38(2):373-380.

Martin JW, Whittle DM, Muir DC, Mabury SA. 2004 QxtPerfluoroalkyl contaminants in a food
web from Lake Ontario. Environ Sci Technol 38(28).9-5385.

McLachlan MS, Holmstrom KE, Reth M, Berger U. 200@v. Riverine discharge of perfluorinated
carboxylates from the European continent. EnvironT&chnol 41(21):7260-7265.

Meesters RJ, Schroeder HF. 2004. Perfluorooctdfensite - a quite mobile anionic anthropogenic
surfactant, ubiquitously found in the environméfiater Sci Technol 50(5):235-242.

Merck. 2005. Material Safety Data Sheet.

Metrick M, Marias AJ. 1977. 28-dayral toxicity study with FC-143 in albino Rats HirReport,
Industrial Bio-Test Laboratories, Inc. Study No.385L0654, 3M Reference No. T-1742CoC, Lot
269, September 29, 1977. Final Report, Industrial Bst Laboratories, Inc. Study No. 8532-
10654, 3M Reference No. T-1742CoC, Lot 269, Septerb, 1977.

Michiels E. 2010 May. Use of PFOA in critical phgtaphic applications. European Commission -

Workshop on "Perfluorooctanoic acid (PFOA) andaitsmonium salt - Production, use and risk”, 4
May 2010, Brussels.

78



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Midasch O, Drexler H, Hart N, Beckmann MW, Angeder2007 Jul. Transplacental exposure of
neonates to perfluorooctanesulfonate and perflicdamoate: a pilot study. Int Arch Occup Environ
Health 80(7):643-648.

MITI-List. 2002. Biodegradation and BioaccumulatiohExisting Chemical Substances under the
Chemical Substance Control Law. National Institftdechnology and Evaluation, Japan.

Monroy R, Morrison K, Teo K, Atkinson S, Kubwabo Stewart B, Foster WG. 2008 Sep. Serum
levels of perfluoroalkyl compounds in human mateara umbilical cord blood samples. Environ
Res 108(1):56-62.

Moody CA, Field JA. 1999. Determination of perflooarboxylates in groundwater impacted by
fire- fighting activity. Environmental Science amdchnology 33(16):2800-2806.

Moody CA, Hebert GN, Strauss SH, Field JA. 2003 .A@ccurrence and persistence of
perfluorooctanesulfonate and other perfluorinatedastants in groundwater at a fire-training area
at Wurtsmith Air Force Base, Michigan, USA. J EowiMonit 5(2):341-345.

Morikawa A, Kamei N, Harada K, Inoue K, Yoshinaga Jaito N, Koizumi A. 2005. The
bioconcentration factor of perfluorooctane sulfenais significantly larger than that of
perfluorooctanoate in wild turtles (Trachemys deriplegans and Chinemys reevesii): an Ai river
ecological study in Japan. Ecotoxicol Environ S&f1§:14-21.

Moriwaki H, Takata Y, Arakawa R 2003. Concentrasiai perfluorooctane sulfonate (PFOS) and
perfluorooctanoic acid (PFOA) in vacuum cleanert d@oflected in Japanese homes. J. Environ.
Monit. 5: 753-757,

Muller CE, De Silva AO, Small J, Williamson M, Wang Morris A, Katz S, Gamberg M, Muir
DC. 2011 Sep. Biomagnification of Perfluorinatedn@munds in a Remote Terrestrial Food Chain:
Lichen-Caribou-Wolf. Environ Sci Technol 45(20).868673.

Murakami M, Shinohara H, Takada H. 2008. Evaluatbmwastewater and street runoff as sources
of perfluorinated surfactants (PFSs). Chemosphé{4)487-493.

Nakata H, Kannan K, Nasu T, Cho HS, Sinclair E, émkrai A. 2006 Aug. Perfluorinated
contaminants in sediments and aquatic organisntectedl from shallow water and tidal flat areas
of the Ariake Sea, Japan: environmental fate ofly@ooctane sulfonate in aquatic ecosystems.
Environ Sci Technol 40(16):4916-4921.

Nilsson H, Karrman A, Westberg H, Rotander A, Vas, Rindstrom G. 2010 Mara. A time trend
study of significantly elevated perfluorocarboxgldevels in humans after using fluorinated ski
wax. Environ Sci Technol 44(6):2150-2155.

Nilsson H, Rotander A, Van Bavel B, LindstrAfm Gge¥$tberg H. 2010b. Inhalation exposure to
fluorotelomer alcohols yield perfluorocarboxylateshuman blood? Environmental Science and
Technology 44(19):7717-7722.

Nolan LA, Nolan JM, Shofer FS, Rodway NV, Emmett.E®09. The relationship between birth
weight, gestational age and perfluorooctanoic §BEHOA)-contaminated public drinking water.
Reproductive Toxicology 27(3-4):231-238.

79



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Nolan LA, Nolan JM, Shofer FS, Rodway NV, Emmett .EA010. Congenital anomalies,
labor/delivery complications, maternal risk fact@sd their relationship with perfluorooctanoic
acid (PFOA)-contaminated public drinking water. Rejuctive Toxicology 29(2):147-155.

Oakes KD, Sibley PK, Solomon KR, Mabury SA, Van daaak GJ. 2004 Aug. Impact of
perfluorooctanoic acid on fathead minnow (Pimephgiemelas) fatty acyl-CoA oxidase activity,
circulating steroids, and reproduction in outdoacrocosms. Environ Toxicol Chem 23(8):1912-
19109.

OECD. 2006. SIDS Initial Assessment Report aft&kMb22 - Ammonium Perfluorooctanoate &
Perfluorooctanic Acid. 1-210.

OECD. 2007. SIDS Dossier - Ammonium Perfluorooctdad Perfluorooctanoic acid.

Olsen GW, Hansen KJ, Stevenson LA, Burris JM, Madée 2003. Human donor liver and serum
concentrations of perfluorooctanesulfonate and rogezfluorochemicals. Environmental Science
and Technology 37(5):888-891.

Olsen GW, Church TR, Hansen KJ, Burris JM, Butehlidf, Mandel JH, Zobel LR. 2004.
Quantitative evaluation of perfluorooctanesulfon@EOS) and other fluorochemicals in the serum
of children. Journal of Children's Health 2(1):53-7

Olsen GW, Burris JM, Ehresman DJ, Froehlich JW,c&e&M, Butenhoff JL, Zobel LR. 2007.
Half-life of serum elimination of perfluorooctand®mate, perfluorohexanesulfonate, and
perfluorooctanoate in retired fluorochemical pradut workers. Environ Health Perspect
115(9):1298-1305.

Olsen GW, Zobel LR. 2007. Assessment of lipid, hiepaand thyroid parameters with serum
perfluorooctanoate (PFOA) concentrations in flutwaical production workers. Int Arch Occup
Environ Health. 81(2):231-46.

Olsen GW, Butenhoff JL, Zobel LR. 2009. Perfluokyhlchemicals and human fetal development:
An epidemiologic review with clinical and toxicoliegl perspectives. Reproductive Toxicology
27(3-4):212-230.

Pace Analytical. 1987. Ready Biodegradation of R6-(BOD/COD). 3M Company Lab Request
No. E1282. Minneapolis, MN. U.S. Environmental Rotion Agency Administrative Record 226-
0495.

Palazzolo MJ. 1993. Thirteen week dietary studyhwit5180, ammonium perfluorooctanoate
(CAS No. 3825-26-1) in male rats. Final report. dadiory project Identification HWI 6329-100.
Hazelton Wisconsin, Inc. US EPA AR226-0449.

Palkar PS, Anderson CR, Ferry CH, Gonzalez FJr$dtd. 2010. Effect of prenatal peroxisome
proliferator-activated receptor I+ (PPARIx) agonisam postnatal development. Toxicology
276(1):79-84.

Pastoor TP, Lee KP, Perri MA, Gillies PJ. 1987 ABgpchemical and morphological studies of
ammonium perfluorooctanoate-induced hepatomegaly p@roxisome proliferation. Exp Mol
Pathol 47(1):98-109.

80



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Piekarz AM, Primbs T, Field JA, Barofsky DF, SimomiS. 2007 Dec. Semivolatile fluorinated
organic compounds in Asian and western U.S. aiseg$Environ Sci Technol 41(24):8248-8255.

Poulsen PB, Jensen AA. 2005. More environmentakynély alternatives to PFOS-compounds and
PFOA. Danish Ministry of the Environment, editor.

Powley CR, Michalczyk MJ, Kaiser MA, Buxton LW. 200 Sep. Determination of
perfluorooctanoic acid (PFOA) extractable from therface of commercial cookware under
simulated cooking conditions by LC/MS/MS. Analy8019):1299-1302.

Prevedouros K, Cousins IT, Buck RC, Korzeniowski. 2806 Jan. Sources, fate and transport of
perfluorocarboxylates. Environ Sci Technol 40(1)43R

Prokop HW, Zhou HJ, Xu SQ, Wu CH, Liu CC. 1989 M#&nalysis of the products from the
electrochemical fluorination of octanoyl chlorideFluorine Chem 43(2):277-290.

Quinete N, Wu Q, Zhang T, Yun SH, Moreira I, Kannidn 2009 Oct. Specific profiles of
perfluorinated compounds in surface and drinkingewgaand accumulation in mussels, fish, and
dolphins from southeastern Brazil. Chemosphere)7888-869.

Rayne S, Forest K. 2009. Perfluoroalkyl sulfoniad ararboxylic acids: A critical review of
physicochemical properties, levels and patternsaters and wastewaters, and treatment methods.
Journal of Environmental Science and Health Pa4tA145-1199.

Riker. 1981. Repeat application 28-day percutanedaserption study with T-2618 CoC in albino
rabbits. Riker Laboratories Report 09790AB0485, dhal5, 1981. US EPA Public Docket AR
226-0446, Washington, DC.

Ross J, Plummer SM, Rode A, Scheer N, Bower CCgV0g Henderson CJ, Wolf CR, Elcombe

CR. 2010. Human constitutive androstane recept&iR)Cand pregnane X receptor (PXR) support
the hypertrophic but not the hyperplastic respdosthe murine nongenotoxic hepatocarcinogens
phenobarbital and chlordane in vivo. Toxicol Scb@):452-466.

Rudel H, Mdller J, Jurling H, Bartel-Steinbach Mpdchorreck J. 2011 Apr. Survey of patterns,
levels, and trends of perfluorinated compounds quasic organisms and bird eggs from
representative German ecosystems. Environ ScitHds Int.

Rylander C, Brustad M, Falk H, Sandanger TM. 2@®8tary predictors and plasma concentrations
of perfluorinated compounds in a coastal populatiemm northern norway. J Environ Public
Health:2682109.

Rylander C, Sandanger TM, Froyland L, Lund E. 2Q1f. Dietary patterns and plasma
concentrations of perfluorinated compounds in 3BwWégian women: the NOWAC Postgenome
Study. Environ Sci Technol 44(13):5225-5232.

Saez M, Vega Moreno D, Jimenez B, van Leeuwen @3.20ncommon PFC-Profile in Arctic Ice
Samples from Russia. Organohalogen Compounds 7Q:1873.

Saito N, Harada K, Inoue K, Sasaki K, Yoshinag&dizumi A. 2004 Jan. Perfluorooctanoate and
perfluorooctane sulfonate concentrations in surf@ar in Japan. J Occup Health 46(1):49-59.

81



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Sakr CJ, Kreckmann KH, Green JW, Gillies PJ, Reay®all, Leonard RC. 2007a Oct. Cross-
sectional study of lipids and liver enzymes relaieé serum biomarker of exposure (ammonium
perfluorooctanoate or APFO) as part of a generalthesurvey in a cohort of occupationally
exposed workers. J Occup Environ Med. 49(10):1086-9

Sakr CJ, Leonard RC, Kreckmann KH, Slade MD, CulN&R. 2007b Aug. Longitudinal study of
serum lipids and liver enzymes in workers with qmational exposure to ammonium
perfluorooctanoate. J Occup Environ Med. 49(8):872-

Sakr CJ, Symons JM, Kreckmann KH, Leonard RC.2002ola®r. Ischaemic heart disease
mortality study among workers with occupational @syre to ammonium perfluorooctanoate.
Occup Environ Med 66: 699-703.

Sanderson H, Boudreau TM, Mabury SA, Cheong WXr8oh KR. 2002. Ecological impact and
environmental fate of perfluorooctane sulfonate e zooplankton community in indoor
microcosms. etc 21(7):1490-1496.

Sanderson H, Boudreau TM, Mabury SA, Solomon KRX0mpact of perfluorooctanoic acid on
the structure of the zooplankton community in indacrocosms. Aquatic Toxicol 62(3):227-234.

Sanderson H, Boudreau TM, Mabury SA, Solomon KR42Effects of perfluorooctane sulfonate
and perfluorooctanoic acid on the zooplanktonic amity. Ecotoxicology and Environmental
Safety 58(1):68-76.

Schroder HF. 2003 Dec. Determination of fluorinasemifactants and their metabolites in sewage
sludge samples by liquid chromatography with maestsometry and tandem mass spectrometry
after pressurised liquid extraction and separatianfluorine-modified reversed-phase sorbents.
Journal of Chromatography A 1020(1):131-151.

Schultz MM, Barofsky DF, Field JA. 2006 Jana. Quatitve determination of fluorinated alkyl
substances by large-volume-injection liquid chraygeaphy tandem mass spectrometry-
characterization of municipal wastewaters. Envigan Technol 40(1):289-295.

Schultz MM, Higgins CP, Huset CA, Luthy RG, BarofsiDF, Field JA. 2006 Decb.
Fluorochemical mass flows in a municipal wastewdteatment facility. Environ Sci Technol
40(23):7350-7357.

Scott BF, Spencer C, Mabury SA, Muir DC. 2006 Deoly and perfluorinated carboxylates in
North American precipitation. Environ Sci Techn6(23):7167-7174.

Seals R, Bartell SM, Steenland K. 2011. Accumulatamd clearance of perfluorooctanoic acid
(PFOA) in current and former residents of an exgosemmunity. Environ Health Perspect
119(1):119-124.

Shah YM, Morimura K, Yang Q, Tanabe T, Takagi M,n@alez FJ. 2007. Peroxisome proliferator-
activated receptor alpha regulates a microRNA-mediasignaling cascade responsible for
hepatocellular proliferation. Mol Cell Biol 27(12p38-4247.

Shankar A, Xiao J, Ducatman A. 2011. Perfluoroatitygmicals and chronic kidney disease in US
Adults. American Journal of Epidemiology 174(8):830.

82



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Shoeib M, Harner T, Webster M, Lee SC. 2011 Febtlodn sources of poly- and perfluorinated
compounds (PFCS) in Vancouver, Canada: Implicationfluman exposure. Environ Sci Technol
45(19):7999-8005.

Shoeib M, Harner T, Wilford BH, Jones KC, Zhu J.020Sep. Perfluorinated sulfonamides in
indoor and outdoor air and indoor dust: occurrepegtitioning, and human exposure. Environ Sci
Technol 39(17):6599-6606.

Sibinski LJ. 1987. Final report of a two year ofdlet) toxicity and carcinogenicity study of
fluorochemical FC-143 (perfluorooctane ammonium boaylate) in rats. Vol. 1-4, 3M
Company/Riker exp. No. 0281CR0012; 8EHQ-1087-08%tpber 16, 1987.

Siegemund G, Schwertfeger W, Feiring A, Smart BarEe Vogel H, McKusick B. 2000. Fluorine
compounds, organic. Ullmann's Encyclopedia of ItaisChemistry.

Sinclair E, Kannan K. 2006 Mar. Mass loading arté f& perfluoroalkyl surfactants in wastewater
treatment plants. Environ Sci Technol 40(5):14084L4

Smithwick M, Mabury SA, Solomon KR, Sonne C, Mardiw/, Born EW, Dietz R, Derocher AE,
Letcher RJ, Evans TJ, Gabrielsen GW, Nagy J, &girli, Taylor MK, Muir DC. 2005 Aug.
Circumpolar study of perfluoroalkyl contaminantspaolar bears (Ursus maritimus). Environ Sci
Technol 39(15):5517-5523.

Smithwick M, Norstrom RJ, Mabury SA, Solomon K, BgalJ, Stirling I, Taylor MK, Muir DC.
2006 Feb. Temporal trends of perfluoroalkyl contaanis in polar bears (Ursus maritimus) from
two locations in the North American Arctic, 1972620 Environ Sci Technol 40(4):1139-1143.

So MK, Yamashita N, Taniyasu S, Jiang Q, GiesyGien K, Lam PKS. 2006. Health risks in
infants associated with exposure to perfluoring@apounds in human breast milk from Zhoushan,
China. Environmental Science and Technology 4092422929.

Sohlenius A, Andersson K, DePierre JW. 1992. Thectf of perfluoro-octanoic acid on hepatic
peroxisome proliferation and related parametersvsim sex-related differences in mice. Biochem J
285(3):779-783.

Stahl T, Heyn J, Thiele H, Huther J, Failing K, &0S, Brunn H. 2009 Aug. Carryover of
perfluorooctanoic acid (PFOA) and perfluorooctandomate (PFOS) from soil to plants. Arch
Environ Contam Toxicol 57(2):289-298.

Staples RE, Burgess BA, Kerns WD. 1984. The emlieyal-toxicity and teratogenic potential of
ammonium perfluorooctanoate (APFO) in the rat. Rind\ppl Toxicol 4(3 1):429-440.

Stasinakis AS, Petalas AV, Mamais D, Thomaidis R&8 Jun. Application of the OECD 301F
respirometric test for the biodegradability asses#nof various potential endocrine disrupting
chemicals. Bioresour Technol 99(9):3458-3467.

Steenland K, Fletcher T, Savitz DA. 2010. Epideonyid evidence on the health effects of
perfluorooctanoic acid (PFOA). Environ Health Pexgp118(8):1100-8.

Steenland K, Jin C, MacNeil J, Lally C, Ducatman\Agira V, Fletcher T. 2009. Predictors of
PFOA levels in a community surrounding a chemidahp Environmental Health Perspectives
117(7):1083-1088.

83



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Stein CR, Savitz DA, Dougan M. 2009. Serum levélpasfluorooctanoic acid and perfluorooctane
sulfonate and pregnancy outcome. American Joufriapmlemiology 170(7):837-846.

Steinle-Darling E, Reinhard M. 2008 Jul. Nanofiitoa for trace organic contaminant removal:
structure, solution, and membrane fouling effectsttte rejection of perfluorochemicals. Environ
Sci Technol 42(14):5292-5297.

Stock NL, Furdui VI, Muir DC, Mabury SA. 2007 Mayerfluoroalkyl contaminants in the
Canadian Arctic: evidence of atmospheric transpod local contamination. Environ Sci Technol
41(10):3529-3536.

Strynar MJ, Lindstrom AB 2008. Perfluorinated Compds in House Dust from Ohio and North
Carolina, USA. Environ. Sci. Technol. 42: 3751-3756

Suh CH, Cho NK, Lee CK, Lee CH, Kim DH, Kim JH, SBR, Lee JT. 2011. Perfluorooctanoic
acid-induced inhibition of placental prolactin-fdgnhormone and fetal growth retardation in mice.
Mol Cell Endocrinol 337(1-2):7-15.

Swedish Chemicals Agency. 2006. Perfluorinatedtsmoes and their uses in Sweden.

Tao L, Kannan K, Wong CM, Arcaro KF, Butenhoff 2008 Apr. Perfluorinated compounds in
human milk from Massachusetts, U.S.A. Environ Smhinol 42(8):3096-3101.

Tatum-Gibbs K, Wambaugh JF, Das KP, Zehr RD, Strjuh# Lindstrom AB, Delinsky A, Lau C.
2011 Mar. Comparative pharmacokinetics of perflmortanoic acid in rat and mouse. Toxicology
281(1-3):48-55.

Theobald N, Gerwinski W, Caliebe C, Haarich M. 20Dévelopment and validation of a method
for the determination of polyfluorinated organicbstances insea water, ssediments and biota
Occurence of these Compounds in the North anddBa#as. UFOPLAN-Ref. No. 202 22 213.

Thomford PJ. 2001. 26-week capsule toxicity study\mmonium perfluorooctanoate (APFO) in
cynomolgus monkeys. Study performed by Convanceiabries Inc., Madison Wisconsin 53704-
2592 for APME ad-hoc APFO Toxicology Working Grouftudy No. Covance 6329-231,
Completion date December 18, 2001, 463 pp. US ER226-1052a.

Thomsen C, Haug LS, Stigum H, FrA shaug M, Broativil, Becher G. 2010. Changes in
concentrations of perfluorinated compounds, polgbrnated diphenyl ethers, and polychlorinated
biphenyls in Norwegian breast-milk during twelve mtits of lactation. Environmental Science and
Technology 44(24):9550-9556.

Tittlemier SA, Pepper K, Seymour C, Moisey J, BamdR, Cao XL, Dabeka RW. 2007 Apr.
Dietary exposure of Canadians to perfluorinatecdbaaylates and perfluorooctane sulfonate via
consumption of meat, fish, fast foods, and foothgeprepared in their packaging. J Agric Food
Chem 55(8):3203-3210.

Tominaga N, Kohra S, Iguchi N, Arizono K. 2004. é&ffs of perfluoro organic compound toxicity
on nematode caenhabditis elegans fecundity. J iH8alt50(5):545-550.

Tomy GT, Budakowski W, Halldorson T, Helm PA, St&A, Friesen K, Pepper K, Tittlemier SA,
Fisk AT. 2004 Dec. Fluorinated organic compoundanreastern Arctic marine food web. Environ
Sci Technol 38(24):6475-6481.

84



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Tomy GT, Pleskach K, Ferguson SH, Hare J, SterM&;innis G, Marvin CH, Loseto L. 2009.
Trophodynamics of some PFCs and BFRs in a westeamadian Arctic marine food web.
Environmental Science and Technology 43(11):407&t40

Trier X, Granby K, Christensen JH. 2011 Feb. Palyfinated surfactants (PFS) in paper and board
coatings for food packaging. Environ Sci Pollut Résn press.

Trudel D, Horowitz L, Wormuth M, Scheringer M, Caus IT, Hungerbuhler K. 2008 Apr.
Estimating consumer exposure to PFOS and PFOA. &isk28(2):251-269.

U.S.EPA. 2002. Draft hazard assessment of perfagtamoic acid and ist salts. U.S. Environmental
Protection Agency, Office of Pollution, Preventiamd Toxics, Risk Assessment Division.

van den Heuvel-Greve M, Leonards P, Brasseur SteKoan M, Zabel A, Vethaak D. 2009.
Bioaccumulation of perfluorinated compounds in ebbar seal food web in the Westerschelde, the
Netherlands: a field study. In: Poster presentaditoBETAC North America, New Orleans.

van der Putte I, Murin M, van Velthoven M, Affourt. 2010. Analysis of the risks arising from
the industrial use of Perfluorooctanoic Acid (PFCG#d Ammonium Perfluorooctanoate (APFO)
and from their use in consumer articles. Evaluatbrihe risk reduction measures for potential
restrictions on the manufacture, placing on theketaand use of PFOA and APFO. European
Commission, DG Enterprise and Industry.

Vestergren R, Cousins IT. 2009 Aug. Tracking thethways of human exposure to
perfluorocarboxylates. Environ Sci Technol 43(1555-5575.

Vestergren R, Cousins IT, Trudel D, Wormuth M, Saiger M. 2008 Nov. Estimating the
contribution of precursor compounds in consumerosype to PFOS and PFOA. Chemosphere
73(10):1617-1624.

Volkel W, Genzel-Boroviczeny O, Demmelmair H, GebaC, Koletzko B, Twardella D, Raab U,
Fromme H. 2008 Jul. Perfluorooctane sulphonate @F&ahd perfluorooctanoic acid (PFOA) in
human breast milk: Results of a pilot study. Ikty® Environ Health 211(3-4):440-446.

Wallington TJ, Hurley MD, Xia J, Wuebbles DJ, SiilmS, Ito A, Penner JE, Ellis DA, Matrtin J,
Mabury SA, Nielsen OJ, Sulbaek Andersen MP. 2006 Fermation of C7TF15COOH (PFOA) and
other perfluorocarboxylic acids during the atmosmghexidation of 8:2 fluorotelomer alcohol.
Environ Sci Technol 40(3):924-930.

Walters A, Santillo D. 2006. Uses of perfluorinatedbstances. Greenpeace.

Wang N, Szostek B, Buck RC, Folsom PW, Sulecki [G&apka V, Berti WR, Gannon JT. 2005
Oct. Fluorotelomer alcohol biodegradation-directidemce that perfluorinated carbon chains
breakdown. Environ Sci Technol 39(19):7516-7528.

Wang Y, Fu J, Wang T, Liang Y, Pan Y, Cai Y, Ji&g2010 Nov. Distribution of perfluorooctane
sulfonate and other perfluorochemicals in the ante@vironment around a manufacturing facility
in China. Environ Sci Technol 44(21):8062-8067.

Wang Z, MacLeod M, Cousins IT, Scheringer M, Huhgdrer K. 2011. Using COSMOtherm to

predict physicochemical properties of poly- andflperinated alkyl substances (PFASSs) . Environ
Chem 8:389-398.

85



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Washburn ST, Bingman TS, Braithwaite SK, Buck R@xt#®n LW, Clewell HJ, Haroun LA,
Kester JE, Rickard RW, Shipp AM. 2005. Exposureessment and risk characterization for
perfluorooctanoate in selected consumer articlesir&n Sci Technol 39:3904-3910.

Webster E, Ellis DA. 2011 Jul. Equilibrium modeling pathway to understanding observed
perfluorocarboxylic and perfluorosulfonic acid beioa. Environ Toxicol Chem.

Weinberg |, Dreyer A, Ebinghaus R. 2010. Airbornelyfluorinated compounds (PFC),
polybrominated diphenyl ethers (PBDE), and muslgrixaces from two landfill sites. SETAC
2010, Sevilla,Spain.

Weisbrod AV, Woodburn KB, Koelmans AA, Parkerton, THcElroy AE. 2009. Evaluation of
Bioaccumulation Using In Vivo Laboratory and Fi&tudies. Integr Environ Assess Manag 5:598-
623.

White SS, Calafat AM, Kuklenyik Z, Villanueva LTeBr RD, Helfant L, Strynar MJ, Lindstrom
AB, Thibodeaux JR, Wood C, Fenton SE. 2007. GestaliPFOA exposure of mice is associated
with altered mammary gland development in dams fanthle offspring. Toxicol Sci 96(1):133-
144.

White SS, Fenton SE, Hines EP. 2011. Endocrineupligrg properties of perfluorooctanoic acid. J
Steroid Biochem Mol Biol 127(1-2):16-26.

White SS, Kato K, Jia LT, Basden BJ, Calafat AMnés EP, Stanko JP, Wolf CJ, Abbott BD,
Fenton SE. 2009. Effects of perfluorooctanoic amidmouse mammary gland development and
differentiation resulting from cross-foster and trneted gestational exposures. Reproductive
Toxicology 27(3-4):289-298.

Wiesmiiller, G. A., Gies, A. 2011. Environmental &pgn Bank for Human Tissues. In: Nriagu,
J.O. (Edt.): Encyclopedia of Environmental Heai@7-527

Wilhelm M, Hoélzer J, Dobler L, Rauchfuss K, Midas€h Kraft M, Angerer J, Wiesmuller G.
2009. Preliminary observations on perfluorinatedhpounds in plasma samples (1977-2004) of
young German adults from an area with perfluoraomte-contaminated drinking water. Int J Hyg
Environ Health 212:142-145.

Wilhelm M, Kraft M, Rauchfuss K, Hoélzer J. 2008. sg&ssment and management of the first
German case of a contamination with perfluorinatethpounds (PFC) in the Region Sauerland,
North Rhine-Westphalia. J Toxicol Environ HealtlvA(11-12):725-733.

Wilhelm M, Bergmann S, Dieter HH. 2010 Jun. Occnoesof perfluorinated compounds (PFCs) in
drinking water of North Rhine-Westphalia, Germamgd anew approach to assess drinking water
contamination by shorter-chained C4-C7 PFCs. latgynal Journal of Hygiene and
Environmental Health 213(3):224-232.

Wolf CJ, Fenton SE, Schmid JE, Calafat AM, Kuklény, Bryant XA, Thibodeaux J, Das KP,
White SS, Lau CS, Abbott BD. 2007. Developmentaidity of perfluorooctanoic acid in the CD-1
mouse after cross-foster and restricted gestatex@dsures. Toxicol Sci 95(2):462-473.

Yamashita N, Kannan K, Taniyasu S, Horii Y, Okazaw®&etrick G, Gamo T. 2004 Nov. Analysis
of perfluorinated acids at parts-per-quadrilliowdls in seawater using liquid chromatography-
tandem mass spectrometry. Environ Sci Technol 3&322-5528.

86



ANNEX XV — IDENTIFICATION OF PFOA AS SVHC

Yamashita N, Kannan K, Taniyasu S, Horii Y, Petriék Gamo T. 2005. A global survey of
perfluorinated acids in oceans. Mar Pollut Bull&1@):658-668.

Yang C, Tan YS, Harkema JR, Haslam SZ. 2009. GHffeal effects of peripubertal exposure to
perfluorooctanoic acid on mammary gland developmen€57BI/6 and Balb/c mouse strains.
Reproductive Toxicology 27(3-4):299-306.

Yang Q, Xie Y, Alexson SEH, Nelson BD, DePierre JR002. Involvement of the peroxisome
proliferator-activated receptor alpha in the immmoolulation caused by peroxisome proliferators
in mice. Biochem Pharmacol 63(10):1893-1900.

Ylinen M, Kojo A, Hanhijarvi H, Peura P. 1990. Dejitton of perfluorooctanoic acid in the rat
after single and subchronic administration. Bufletof Environmental Contamination and
Toxicology 44(1):46-53.

Yoo H, Washington JW, Jenkins TM, Ellington JJ. 20Jan. Quantitative Determination of
Perfluorochemicals and Fluorotelomer Alcohols imr®$ from Biosolid-Amended Fields using
LC/MS/MS and GC/MS. Environ Sci Technol.

York RG. 2002. Oral (gavage) two-generation (oneeriper generation) reproduction study of
ammonium perfluorooctanoic (APFO) in rats. Argus&ech Laboratories, Inc. Protocol Number:
418-020, Sponsor Study Number: T-6889.6, Marci2R62. US EPA AR226-1092.

Young CJ, Furdui VI, Franklin J, Koerner RM, MuitC) Mabury SA. 2007 May. Perfluorinated
acids in Arctic snow: new evidence for atmosphésicnation. Environ Sci Technol 41(10):3455-
3461.

Yu J, Hu J, Tanaka S, Fujii S. 2009 May. Perfluatane sulfonate (PFOS) and perfluorooctanoic
acid (PFOA) in sewage treatment plants. Water 3¢3)2399-2408.

Zhang T, Sun HW, Wu Q, Zhang XZ, Yun SH, Kannar2R10 Apr. Perfluorochemicals in meat,
eggs and indoor dust in China: Assessment of ssuarel pathways of human exposure to
perfluorochemicals. Environ Sci Technol 44(9):338829.

Zhao Y, Tan YS, Haslam SZ, Yang C. 2010. Perfluoctaoic acid effects on steroid hormone and
growth factor levels mediate stimulation of peripttal mammary gland development in C57BI/6
mice. Toxicol Sci 115(1):214-224.

Zhou Q, Deng S, Zhang Q, Fan Q, Huang J, Yu G. 8@ Sorption of perfluorooctane sulfonate
and perfluorooctanoate on activated sludge. CheheweB1(4):453-458.

87



