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Preface

Per- and polyfluoroalkyl substances (PFASs) are emerging pollutants of the 21st century.
These man-made chemicals have been produced since the 1950s. Due to their outstanding
properties - they provide water, oil, and grease repellency and are very stable — certain
PFASs have been used in a variety of consumer products. The chemicals occur in all
environmental media as well as in humans. In total, the group of produced and used PFASs
consists of more than 3000 compounds. They are characterized by a fully (per-) or partly
(poly-) fluorinated carbon chain in connection with different functional groups. PFASs are
divided into two main groups depending on the length of the perfluorinated carbon chain:
long-chain PFASs and short-chain PFASs.

From the group of long-chain PFASs: Perfluorooctane sulfonic acid (PFOS) and
perfluorooctanoic acid (PFOA) are already regulated. PFOS has been identified as a persistent
organic pollutant (POP) and was included into Annex B of the Stockholm Convention on
Persistent Organic Pollutants. PFOA, its salts and related substances (i.e. substances that can
degrade to PFOA) are restricted with certain derogations within the EU with a transitional
period until 4 July 2020. Additionally, the inclusion of PFOA into the Stockholm Convention is
being discussed and will be decided in 2019.

The Environmental Protection Agency of the United States (US-EPA) launched a voluntary
agreement with eight fluoropolymer and -telomere manufacturers on a PFOA-stewardship
program in 2006. The first goal of the agreement was a 95 % emission reduction of PFOA, its
precursors, and related higher homologue chemicals until 2010 using the emission data of
the year 2000 as a baseline. The second goal is the elimination of these chemicals by 2015.
Canada prohibited the use of PFOA and long-chain PFCAs in 2016].

This restriction proposal aims at regulating the remaining long-chain perfluorocarboxylic acids

(PFCAs) within the EU, substances that were included already in the US-EPA stewardship
program and the Canadian ban.
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Summary

The conclusion of the Dossier Submitter’s risk assessment is that, despite that no intentional
uses were identified so far, a restriction on a Union-wide basis is justified to reduce the release
of these substances into the environment and to prevent any future manufacturing, placing
on the market and use. This EU-wide measure may be the first step for global action.

On the basis of the analysis of the effectiveness, practicability and monitorability of the Risk
Management Options, the following restriction is proposed:
Proposed restriction

Title: Restriction on the manufacturing, use, placing on the market and import of C9-C14
PFCAs, their salts and related substances.

Perfluoroalkyl carboxylic acids (branched | 1. Shall not be

and/or linear) with the formula: a) manufactured, or placed on the
CF3-(CF2)n-C,n=7 or 8 or 9 or 10 or 11 or market as substances on their own;
12 as structural elements including their b) used in the production of, or placed
salts and including all combinations thereof on the market in:

i another substances, as a

Perfluoroalkyl carboxylic acids (branched constituent,

and/or linear) with the formula:

_ ii. a mixture,
CF3-(CF2)_n-, n_—8 13_ as a structural i an article or any parts
element, including their salts
thereof,

Any related substance (including its salts
and polymers) with the above defined
linear and/or branched perfluoroalkyl
structural elements that can degrade to
C9-C14 PFCA

The following substances are excluded
from this designation:
e CF3-(CF2)a-X,n>7, where X=F, Cl,
Br
including any substance with linear
and/or branched perfluoroalkyl
elements and all mixtures thereof

in a concentration equal to or above 25
ppb for the sum of C9-C14 PFCAs and
their salts or 260 ppb for the sum of C9-
C14 PFCA related substances

Paragraph 1 shall apply 18 month from
entry into force of the restriction

Paragraph 1 shall not apply to

a) the manufacture of a substance
where this occurs as an
unintended by-product of the
manufacture of fluorochemicals
with a carbon chain equal to or

e CF3-(CF2)n-S02X/, n > 7 shorter than 8 atoms;
where X'=any group, including salts b) a substance that is to be used,
e CF3-(CF2)a-C(=O)OH, n > 12 or is used as a transported

isolated intermediate, provided
that the conditions in Article
18(4) lit. a) to f) of this
Regulation are met;

including salts

4. Paragraph 1(b-iii) shall not apply to
a) Articles placed on the market
before the restriction becomes
effective

The proposal restricts the manufacturing of C9-C14 PFCAs, their salts and related substances
within the EU. Further, the proposal restricts the use, placing on the market and import of
C9-C14 PFCAs, their salts and related substances as substances on their own or in a mixture
or in an article or parts therein in a concentration equal to or above 25 ppb for the sum of
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C9-C14 PFCAs and their salts or 260 ppb for the sum of C9-C14 PFCA related substances.
Thus, articles and mixtures manufactured in Europe can comply with the proposed threshold.
One stakeholder indicated to use a small amount of C9-Cl14 PFCAs in imported
semiconductors. The use is ongoing until 2019 and due to the shelf live of articles containing
semiconductors a longer transitional period until 2023 was requested. However, based on the
data provided so far it is not possible to justify this derogation.

C9-C14 PFCAs, their salts and related substances are mainly unintended by-products
occurring during the manufacturing of per- and polyfluorinated substances containing a
carbon chain of less than nine carbon atoms, such as perfluorooctanoic acid (PFOA, C8-PFCA)
based substances and perfluorohexanoic acid (C6-PFCA) based substances. The C6-PFCA
based substances are alternatives of the C8-based chemistry. During the manufacturing of
the C6-PFCA based substances, the fraction mainly containing long-chain PFCAs, the so called
C8-fraction can contain up to 30% C9-C14 PFCAs and related substances. In Europe, this C8-
fraction is separated and reworked. The remaining C6-fraction is further processed. Mixtures
sold to industry contain C9-C14 PFCAs and related substances in trace levels up to 25 ppb
and 260 ppb, respectively. It is not the intention of this restriction to prevent the
manufacturing of these so called short-chain alternatives. That is why a specific exemption
for this manufacturing as well as the use of transported isolated intermediates is included.

Summary of the justifications

Identified hazard and risk

PFCAs (perfluorocarboxylic acids) are synthetic compounds that contain a common structural
feature: a perfluorinated carbon chain combined with a carboxylic group. C9-C14-PFCAs
belong to this substance group of long-chain PFCAs with carbon chain lengths of 9-14. They
differ only in the number of CF2-groups whereas all other fragments are the same within the
group. Because of the highly similar chemical structure and behaviour, it is motivated to
consider C9-C14-PFCAs as a group in the scope of this restriction proposal.

The hazard profile of C9-C14 PFCAs is well known:

CMR, PBT and/or vPvB propertiesC9-PFCA and C10-PFCA as well as their sodium and
ammonium salts are listed in Annex VI of the CLP Regulation as Carc. 2 and Repr. 1B. In
addition, C9-C14 PFCAs are bioaccumulative and extremely persistent. Thus, the substances
were added to the REACH Candidate List as substances of very high concern (SVHC) under
REACH by unanimous agreement between EU Member States:

- (C9- and C10-PFCAs as CMR and PBT (persistent, bioaccumulative and toxic)
substances and
- C11-C14 PFCAs as vPvB (very persistent and very bioaccumulative) substances.

C9-C14 PFCAs belong to the most persistent chemical substances known. They do not undergo
any further abiotic or biotic degradation under environmentally relevant conditions. In C9-
C14 PFCAs the carbon chain is perfluorinated. Any hydrogen atoms are substituted with
fluorine atoms. The fluorine atoms shield the carbon backbone from any physical or chemical
attack making C9-C14 PFCAs most stable organic compounds.

Due to these properties they are very likely to cause severe and irreversible adverse effects
on the environment and human health if their releases are not minimised. According to REACH
regulation Article 60 (3) and REACH Annex I para 6.5 the risk to the environment cannot be
adequately controlled for PBT/vPvB substances. No safe concentration, thus no threshold
(PNEC), can be determined for PBT/vPvB substances.

C9-C14 PFCA related substances share structural elements with C9-C14 PFCAs: the
perfluorinated carbon chain. C9-C14 PFCA-related substances additionally contain a non-
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fluorinated moiety. C9-C14 PFCA related substances can degrade to the persistent C9-C14
PFCAs in the environment. According to ECHA Guidance R.11, if transformation/degradation
products with PBT/vPvB properties are being formed, the substances themselves must be
regarded as PBT substances (European Chemicals Agency, 2017a). Therefore, the hazard
profiles of C9-C14 PFCAs apply to these substances as well.

Mobility in the environment and affected compartments

C9-C14 PFCAs have a higher water solubility (compared to other PBT substances) leading to
their relatively high mobility in water bodies and between different environmental
compartments. Monitoring data show that C9-C14 PFCAs in soil leaches over time and can be
a long-term source of contamination to underlying groundwater. This has been shown e.g. at
various emission sites of long-chain PFCAs, e.g. airports where the substances were
(unintentionally) contained in fire fighting foams. Due to the chemical nature of C9-C14
PFCAs, purification of water contaminated with C9-C14 PFCAs is difficult and costly.

Long range transport potential and findings in remote areas

C9-C14 PFCAs, their salts and C9-C14 PFCA-related substances do not occur naturally.
However, they are found ubiquitously in the environment, also in remote areas. C9-C14 PFCAs
are transported over long distances via the atmosphere and aquatic environment via rivers
and oceans. C9-C14 PFCA-related substances like 10:2 FTOH have a high vapour pressure
and are transported mainly via air. In the atmosphere C9-C14 PFCA-related substances can
be degraded to C9-C14 PFCAs. Subsequently, C9-C14 PFCAs are deposited on water and soil.
As a consequence, C9-C14 PFCA related substances may be a significant long-term source of
C9-C14 PFCAs in remote regions like the Arctic. Here, C9-C14 PFCAs are found in the
environment and biota including top predator species like polar bears and seals (Annex
B.4.2.5).

Environmental exposure

C9-C14 PFCAs are ubiquitously present in the environment. Numerous direct and indirect
sources of C9-C14 PFCAs, their salts and C9-C14 PFCA related substances contribute(d) to
the overall environmental exposure of C9-Cl14 PFCAs. C9-C14 PFCAs have been detected
mainly in the lower pg/L to low ng/L-range in surface waters and in ground water. This can
be partly attributed to accidents, inappropriate disposal, previous use of the area (e.g. former
fire-training area), or industrial point sources.

In sediments C9-C14 PFCAs were measured in the pg/g (dw)-range in remote areas to and
in the low ng/g range in Europe.

In soil measured concentrations vary widely as well (up to 3 ng/g dw) depending among
others on factors as sewage sludge application, influence by industrial plants or fire-training
activities etc. Temporal trend studies show different pictures: There are some studies showing
a decline of the substances in water and biota and others where a decrease of the C9-C14
PFCA levels was not found yet.

C9-C14 PFCAs and related substances have been used (unintentionally) for several decades
resulting in an existing stock in the technosphere and the environment. Worldwide total
manufacturing volumes of APFN, the ammonium salt of C9-PFCA for the years 1975 to 2004
were estimated to range between 800 - 2300 t. For a more recent period (2011 - 2015) APFN
volumes have been estimated to 17- 107 t. Further manufacturing volumes are not available.
Additionally, the substances have been manufactured unintentionally during the
manufacturing of PFOA (up to 0.21 % C9-C14 PFCAs) and PFOA related substances (20 to
45% C9-C14 PFCA related substances) and were released into the environment. In Europe,
the manufacturing of PFOA and PFOA-related substances ceased in 2015, thus releases of C9-
C14 PFCAs and related substances from those uses are expected to decline.

According to the consulted stakeholders, today C9-C14 PFCAs, their salts and C9-C14 PFCA-
related substances are mainly unintended by-products during the manufacturing of short-
chain alternatives such as C6-based chemistries. The fraction mainly containing long-chain
PFCAs, the so called C8-fraction which can contain up to 30% C9-C14 PFCAs and related
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substances is separated and reworked. The remaining C6-fraction is further processed.
Mixtures sold to industry contain C9-C14 PFCAs and related substances in trace levels up to
25 ppb and 260 ppb respectively.

The intentionally used short-chain substances provide special properties, such as high friction
resistance, dielectric properties, resistance to heat and chemical agents, low surface energy,
as well as water, grease, oil, and dirt repellency. These substances are therefore used for
various articles, mixtures and applications such as textiles, paper, and fire-fighting foam
today. The substances are released into the environment during different life cycle steps and
via various exposure pathways (such as manufacturing of the substances, processing, use
and at the waste stage).

Thus, releases will continue because the substances are unintentional by products during the
manufacturing of short-chain alternatives, such as the C6-based chemistries and some
remaining uses of C8-based chemistries (derogated uses, such as firefighting foams).

Human exposure: In contrast to PBT substances that have been identified based on
environmental toxicity C9- and C10- PFCAs were been identified as PBT substances because
they are toxic to reproduction in humans. The toxicological properties of C9- and C10-PFCAs
also include effects on other human health endpoints. Hence, in contrast to a PBT substance
where toxicity relates to environmental toxicity emissions of C9- and C10-PFCA can cause
damage to human health. This is of particular concern, because the general population is
widely exposed to C9-C10 PFCAs via the environment with long elimination half-lives of up to
12 years from the human serum.

Human exposure occurs via the environment, e.g. consumption of food and drinking water,
and via inhalation of contaminated air or indoor dust.

Human biomonitoring data, including remote locations such as Greenland, show that C9-C14
PFCA are widely detected in body fluids such as serum and breast milk in human populations
at pg/ml to ng/ml levels. Temporal trend studies show increasing levels from 1980s until
approximately 2010 where the levels seem to level out or decrease.

Hence, there is a high potential that ongoing releases of these substances into the
environment will result in long-term human and environmental exposure to C9-C14 PFCAs.

Justification that action is required on a Union-wide basis

The risks associated with articles and mixtures (particularly imported) containing intentionally
and unintentionally used C9-C14 PFCAs, their salts and related substances need to be
addressed on a Union-wide basis because of two main facts:

- Exposure takes place in all Member States, and
- The free movement of goods within the Union

The restriction on PFOA, PFOA-related substances and its salts will become binding in 2020
with certain derogations. This so called C8-chemistry represents the preferred choice of chain
length for almost all fluorinated applications due to its superior properties with regard to
quality and cost. A large part of the industry has already substituted C8-based chemicals
towards Cé6-technology or fluorine free alternatives. It is believed that the vast majority of
the remaining companies using C8-chemistry will gradually substitute to C6 or fluorine free
alternatives. However, it is possible that companies will consider the use of C9-C14 PFCAs,
their salts and related substances as substitutes for PFOA, its salts and related substances in
the future, especially after the relevant restriction on PFOA becomes binding in 2020. Thus,
an EU-wide measure is necessary to prevent possible future manufacturing and use resulting
in increasing releases into the environment.

Moreover, during the manufacturing of C6-PFCA based substances in the EU the C8-fraction
is separated and reworked, resulting in lower concentrations of C8-C14 PFCAs and related
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substances in the end product. It is not known if this technology is applied outside the EU as
well. Thus imported articles and mixtures may contain higher amounts of unintentionally
manufactured c9-C14 PFCAs, their salts and related susbtances.

Additionally, the proposed restriction is in-line with the US-EPA stewardship program and the
restriction of long-chain per- and polyfluorinated substances in Canada. Moreover, a
restriction within the EU could offer a good basis for considering needs for global action.

Effectiveness

Since we have not identified any user of C9-C14 PFCAs withinin the EU, and only one user in
imports (semiconductors), there are also few costs and benefits to compare. We argue that
enforcement costs are lower than on average since these costs can be shared with the
enforcement costs connected with the implementation of the PFOA restriction. The average
enforcement cost of EUR 55 600 per year for Member Statesis here seen as a high estimation
of these costs. Cost might also occur if C9-C14 PFCAs are included in imported articles to a
large extent. We have not been able to verify the extent of use of C9-C14 in imports, and
therefore see this as a potential uncertainty. The benefits from the risk reducing capacity of
this proposed restriction are not quantifiable, but we argue that they exceed the moderate
enforcement costs described above, making the restriction proportionate, with an either
unchanged or slightly improved benefit-cost ratio.

Thus, it is concluded that the proposed restriction is capable of ensuring the reduction of
further releases of intentionally used C9-C14 PFCAs, their salts and related substances into
the environment.

However, releases into the environment will continue at a relatively low level, since the
substances occur as by-products in short-chain fluorinated alternatives. And since these
substances are also released from landfills, and other parts of the technosphere (this is
however not in the scope of this restriction).

Practicality

The proposed restriction is practical because it is implementable, enforceable and
manageable.

Implementability

The proposed restriction is considered to represent an implementable option for the actors
involved within the timeframe of 18 months. This restriction should be enforced together with
the restriction of PFOA. It appears that the necessary technology, techniques and alternatives
are available and economically feasible. The RMO is in line with the US-EPA Stewardship
Program. Thus, many industry actors are already preparing for using different substances and
technologies from 2015 on.

Enforceability

Enforcement authorities can set up efficient supervision mechanisms to monitor industry’s
compliance with the proposed restriction. Although there are no standard analytical methods
to measure the content of C9-C14 PFCAs, their salts and related substances in articles and
mixtures yet available, those methods are being developed already for the restriction of PFOA
and related substances. The same methods can be applied for testing C9-C14 PFCAs and
related substances.

Manageability

The costs forindustry and enforcement agencies were assessed to be negligible. A transitional
period of (even less than) 18 months seems to be manageable. However one user of C9-C14
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PFCAs was reported in the stakeholder consultation, (at a late stage), with regard to imported
semiconductors. This company have asked for a time derogation. At the moment not enough
information is present in order to assess if a request for a time derogation should be accepted
(or rejected).

Monitorability

For imported articles, compliance control can be accomplished by border authorities and
notifications of any violation of the restriction can be reported in the RAPEX system (Rapid
Exchange of Information System).

A time trend monitoring can be performed with samples from the environment, from animals

or from humans. Methods and instruments available in (environmental) specimen banks could
be used for such a monitoring.
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Report
1. The problem identified

1.1. Hazard, exposure and risk

1.1.1. Identity of the substances and physical and chemical
properties

Perfluoroalkyl carboxylic acids (branched and/or linear) with the formula:

CF3-(CF2)n-C,n=7 or 8 or 9 or 10 or 11 or 12 as structural elements including their salts
and including all combinations thereof

Perfluoroalkyl carboxylic acids (branched and/or linear) with the formula:

CF3-(CF2)n-, n=8-13 as a structural element, including their salts

Any related substance (including its salts and polymers) with the above defined linear
and/or branched perfluoroalkyl structural elements that can degrade to C9-C14 PFCA

The following substances are excluded from this designation:

e CF3-(CF2)n-X,n > 7, where X= F, Cl, Br
including any substance with linear and/or branched perfluoroalkyl elements and all
mixtures thereof

e CF3-(CF2)n-S02X',n > 7
where X'=any group, including salts

e CF3-(CF2)n-C(=0)OH, n > 12 including salts
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1.1.1.1. Name and other identifiers of the substances

1.1.1.1.1.C9-C14 PFCAs

Table 1- 1: Substance identities of C9-C14 PFCAs

Abbreviation | Co-PFCA C10-PFCA C11-PFCA C12-PFCA C13-PFCA C14-PFCA
Acronym PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
EC number 206-801-3 206-400-3 218-165-4 206-203-2 276-745-2 206-803-4

EC name Perfluorononan- Nonadecafluorode Henicosafluoroun | Tricosafluorododeca | Pentacosafluorotri | Heptacosafluorote
1-oic acid canoic acid decanoic acid noic acid decanoic acid tradecanoic acid
CAS number: | 375-95-1 335-76-2 2058-94-8 307-55-1 72629-94-8 376-06-7

CAS name: Nonanoic acid, Decanoic acid, Undecanoic acid, | Dodecanoic acid, Tridecanoic acid, Tetradecanoic
2,2,3,3,4,4,5,5,6 |2,2,3,3,4,4,5,5,6, 2,2,3,3,4,4,5,5,6 |2,2,3,3,44,5,56,6, |2,23,3,44,5,5,6, acid,
,6,7,7,8,8,9,9,9- |6,7,7,8,8,9,9,10,1 |,6,7,7,8,8,9,9,10 | 7,7,8,8,9,9,10,10,1 | 6,7,7,8,8,9,9,10,1 | 2,2,3,3,4,4,5,5,6,
heptadecafluoro- | 0,10- ,10,11,11,11- 1,11,12,12,12- 0,11,11,12,12,13, |6,7,7,8,8,9,9,10,1

nonadecafluoro- henicosafluoro- tricosafluoro- 13,13- 0,11,11,12,12,13,
pentacosafluoro-
13,14,14,14-
heptacosafluoro-

IUPAC heptadecafluoron | nonadecafluorodec | henicosafluoroun | tricosafluorododeca | pentacosafluorotri | heptacosafluorote

name: onanoic acid anoic acid decanoic acid noic acid decanoic acid tradecanoic acid

Index 607-718-00-9 607-720-00-X - - - -

number in

Annex VI of (10th ATP)

the CLP

Regulation:
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Molecular CoHF1702 C10HF1902 C11HF2102 C12HF2302 C13HF2502 C14HF2702
formula:
Molecular 464.08 g/mol 514.08 g/mol 564.09 g/mol 614.10 g/mol 664.11 g/mol 714.11 g/mol
weight or
molecular
weight
range:
Synonyms: Perfluorononanoi | Perfluorodecanoic Perfluoroundecan | Perfluorododecanoic | Perfluorotridecanoi | Perfluoromyristic
c acid, acid, PFDA, oic acid, acid, ¢ acid, acid;
C10-PFCA PFTrDA,
PFNA, PFUNDA, PFDoDA, Perfluorotetradeca
C13-PFCA necarboxylic acid;
Perfluorononan- C11-PFCA C12-PFCA
1-oic acid, Perfluorotetradeca
C9-PFCA noic acid;
PFTDA,
C14-PFCA
Length of 9 10 11 12 13 14
carbon chain
Structural FF FF FF FF FF O hf' ” EF RF R = 0H sl a=00x
formula: } o YQK;FF F /P F’I'*:“-fk'}.;}"‘(E‘ﬁ.{k’;(i'c.\H \\ /;\ ",g kqu By (CFg )y — 004 H
AN AN AN A lD FFFFF FF FF ¥ FF FF FF FF FF FI- F= FF FF FF 0
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1.1.1.1.2.C9-C14salts

In the table below examples of C9-C14 PFCA salts are listed. The substances were screened
from the OECD-List (2007).

Table 1- 2: Examples of C9-C14-PFCA salts

Substance name CAS-No. Molecular Structural formula
formula

Perfluorononan-1-oic acid, | 21049-39-8 CoF1702.Na
sodium salt

Perfluorononan-1-oic acid, | 4149-60-4 CoF1702.NH4
ammonium salt

Sodium 3830-45-3 Ci10F19NaO2
nonadecafluorodecanoate

Ammonium 3108-42-7 Ci10H4F19NO2
nonadecafluorodecanoate

1.1.1.1.3.C9-C14 PFCArelated substances

Any substance (including its salts and polymers) that can degrade to C9-C14 PFCAs, having
linear or branched perfluoroalkyl derivatives with the formula: CF3-(CF2)n-C, n= 7 or 8 or 9
or 10 or 11 or 12 as a structural element, including their salts, and including all combinations
thereof,

and any other substance having linear or branched perfluoroalkyl derivatives with the
formula: CF3-(CF2)n=8-13- as a structural element, including its salts,

except those derivatives with the formula:

- CF3-(CF2)n-X, n > 7, where X= F, Cl, Br including any substance with linear
and/or branched perfluoroalkyl elements and all mixtures thereof,

- CF3-(CF2)n-S02X', n>7, where X' = any group, including salts,

- CF3-(CF2)n-C(=0)OH, where n > 12
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Some examples for C10-PFCA related substances are given here. More examples are shown

in Appendix B.1.

Table 1- 3: Examples for C10-PFCA-realted substances. More examples can be found in Appendix B.1.

Synonyms

CAS-Name

CAS

Chemical Structure

Fluorotelomer alcohols

10:2 Fluorotelomer alcohol
(10:2 FTOH)

1-Dodecanol,
3131414151516161717181819191
10,10,11,11,12,12,12-

865-86-1

F

N N

heneicosafluoro-
(TSCA, DSL, AICS)

Polyfluorinated acrylates and methacrylates

10:2 Methacrylate 2-Propenoic acid, 2-methyl-, | 2144-54-9
3131414151516161717181819191 F
10,10,11,11,12,12,12-
heneicosafluorododecyl
ester (TSCA, DSL, ENCS,

AICS)

EFFEFFREFFEF FF

FFFF FFFF FF

K555 e

10:2 Acrylate 2- 17741-60-5 F

.
Propenoicacid,3,3,4,4,5,5,6, +
6,7,7,8,8,9,9,10,10,11,11,1
2,12,12-

heneicosafluorododecylester

Polyfluorinated phosphates

10:2 DiPap bis[3,3,4,4,5,5,6,6,7,7,8,8,9 | 1895-26-7
,9,10,10,11,11,12,12,12-
henicosafluorododecyl]

hydrogen phosphate

1.1.1.2. Dissociation of C9-14-PFCAs and their salts in aqueous media

Under environmental conditions in aqueous media the free perfluorinated carboxylic acids
(PFCAs) stay in equilibrium with their conjugate bases, the perfluorinated carboxylates. The
fraction of each species depends on the acid dissociation constant (pKa) and the pH of the
environmental compartment. Salts of PFCAs, which are sometimes used in laboratory
experiments, will be in equilibrium with the corresponding acid in aqueous phases as well.
Currently used techniques for analysis and quantification of PFCAs in i.e. environmental
samples are not able to distinguish between both of the species. Therefore, reported
concentrations always include the acids as well as the bases. If reported concentrations are
used for the determination of bioaccumulation factors or for experiments determining the
persistency, aqueous phase concentrations include both species. Experimental determination
of pKa is difficult for PFCAs, i.e. because of the surface active properties. Calculated values
should be taken with care, because for most of the models it is unclear whether PFCAs are
within their applicability domain. For assessing the intrinsic properties of the PFCAs within this
dossier the exact knowledge of the fraction of each species is not required, because both of
the species will be available independently from the starting conditions.

Furthermore, due to the uncertainties of pKa values it is not wise to calculate partition
coefficients under environmental pH conditions. We would like to mention that tThere is an
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ongoing scientific discussion showing that the partitioning of PFCAs in the environment can
be described by the properties of the neutral PFCAs only (Webster and Ellis, 2011).

1.1.1.3. Physicochemical properties and partition coefficients of C9-14-
PFCAs and some salts

The experimental determination of i.e. partition coefficients is difficult for example because
of the surface active properties of the ionic PFCAs. The presence of ionic PFCAs depends on
the dissociation of PFCAs in aqueous media (see B.1.3.1 for details). Nevertheless, there are
models available, i.e. COSMOtherm calculating partitioning coefficients of neutral PFCAs.
COSMOtherm is a quantum chemistry-based method that requires no specific calibration. This
calibration would be difficult because of missing measured data of PFCAs. Therefore,
COSMOtherm is expected to be able to estimate properties for PFASs. Studies have shown
that properties estimated with COSMOtherm show good agreement with the experimental
data for a number of per- and polyfluorinated chemicals, i.e. C8-PFCA (Wang et al. 2011; Arp
et al. 2006). Again, whether neutral PFCAs are present in aqueous media depends in the
dissociation of the acids. Air-water as well as octanol-water partition coefficients are of course
different for PFCAs with 8 to 14 carbon atoms but they show a clear increasing, trend with
chain length (see Table 1- 4 (Wang et al., 2011b)). This can be explained by the increasing
molecular volume with each additional CF2-unit. The trend of the fate of PFCAs with chain
length is supported by information on sorption of PFCAs on sediment. Sorption increases with

increasing chain length (Higgins and Luthy, 2006) also under environmental conditions
(Ahrens et al., 2010b).
Table 1-4: Physical chemical properties of C9-C14 PFCAs
Abbreviation | Co-PFCA Ci0-PFCA Ci11-PFCA Ci1>-PFCA Ci3-PFCA Ci14-PFCA
Acronym PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
CAS No 375-95-1 335-76-2 2058-94-8 307-55-1 72629-94-8 376-06-7
Chemical C F3(C F2)7- C F3(C Fz)s- C F3(C Fz)g- C F3(C Fz) 10~ C F3(C F2)11- C F3(C Fz) 12-
Structure COOH COOH COOH COOH COOH COOH
Molecular 464.08 514.08 564.0909 614.0984 664.1059 714.11
Weight g/mol
Partitioning 5.9 (calc., 6.5 (calc., 7.2 (calc., 7.8 (calc., 8.25 (calc., 8.90 (calc.,
Coefficientlog | COSMOtherm, | COSMOtherm, [ COSMOtherm, [ COSMOtherm, | COSMOtherm, | COSMOtherm,
Kow (Wang etal., (Wang etal., (Wang etal., (Wang etal., (Wang etal., (Wang etal.,
2011b)) 2011b)) 2011b)) 2011b)) 2011b)) 2011b))
log Koa 7.50 (calc., 7.77 (calc., 8.08 (calc., 8.36 (calc., 8.63 (calc., 8.87 (calc.,
COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm,
(Wang etal., (Wang etal., (Wang etal., (Wang etal., (Wang etal., (Wang etal.,
2011b)) 2011b)) 2011b)) 2011b)) 2011b)) 2011b))
log Kaw -1.58 (calc., -1.27 (calc., -0.92 (calc., -0.58 (calc., -0.38 (calc., 0.03 (calc.,
COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm,
(Wang et al., (Wang etal., (Wang et al., (Wang etal., (Wang etal., (Wang etal.,
2011b)) 2011b)) 2011b)) 2011b)) 2011b)) 2011b))
Dissociation <1.6 (Vierke <1.6 (Vierke <1.6 (Vierke
constant etal.,, 2013b) | etal., 2013b) etal., 2013b)
0.82 (calc., 2.58 (Moroi et
COSMOtherm, | al., 2001)
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Abbreviation | Co-PFCA Ci10-PFCA C11-PFCA C12-PFCA Ci13-PFCA Ci14-PFCA
Acronym PFNA PFDA PFUNRDA PFDoDA PFTrDA PFTeDA
(Wang etal.,
2011b))
Partition 0.6 (Ahrens et | 1.8 (Ahrens et | 3.0 (Ahrens et
coefficients log | al., 2010b) * | al., 2010b) * al., 2010b) *
K4 (sediment
and
overlapping
dissolved
phase)
Log Koc 2.39 (Higgins 2.76 (Higgins 3.3 (Higgins
(sediment and Luthy, and Luthy, and Luthy,
organic 2006)# 2006)# 2006)#
carbon-
normalised 2.4 (Ahrens et | 3.6 (Ahrens et | 4.8 (Ahrens et
distribution al., 2010b)* al., 2010b)* al., 2010b) *
coefficient)
Water 5.14 g/L at 1.2E-4 g/L; 2.9E-5g/LpH | 7.3E-6 g/L; 1.9E-6 g/L;
solubility 25°C (Kauck | pH1 at25°C | 1 at25°C pH1 at25°C | pH1 at25°C
and Diesslin,
1951) 9.0E-4 g/L; 2.2E-4g/LpH | 5.5E-5g/L; 1.4E-5 g/L;
pH 2 at 25°C 2 at 25°C pH2 at25°C | pH2 at25°C
8.5E-3 g/L; 2.0E-3g/LpH | 5.1E-4 g/L; 1.3E-4 g/L;
pH 3 at 25°C 3 at 25°C pH3 at25°C | pH3 at25°C
0.056 g/L; pH | 0.014 g/L pH 3.5E-3 g/L; 9.3E-4 g/L;
4 at 25°C 4 at 25°C pH4 at25 °C | pH4 at25°C
0.14 g/L; pH5 | 0.034 g/L pH 8.6E-3 g/L; 2.2E-3 g/L;
at 25°C 5 at 25°C pH5 at25°C | pH5 at25°C
0.16 g/L; pH 0.039 g/L pH 0.0100 g/L; 2.6E-3 g/L;
6-10 at 25°C 6 at 25°C pH 6-10 at 25 | pH 6-10 at
°C 25°C
(calculated) 0.040 g/L pH
7 at 25°C (calculated) (calculated)
(European
Chemicals 0.041 g/L pH (European (European
Agency, 8-10 at 25°C | Chemicals Chemicals
2012b) Agency, Agency,
(calculated) 2012d) 2012c)
(European
Chemicals
Agency,
2012e)
Vapour 3.1to 99.97 0.6 to 99.97 1.25 Pa at 0.48 Pa at 0.18 Pa at
pressure kPa (129.6 to kPa (112 to 25°C 25°C
218.9 °C) 237.7°C) (calculated) (calculated) 25°C
(calculated) (calculated)
(calculated) (European (European
(European Chemicals Chemicals (European
(Kaiser etal., | chemicals Agency, Agency, Chemicals
2005) 2012e) 2012d)
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Abbreviation | Co-PFCA Ci10-PFCA Ci11-PFCA Ci1>-PFCA Ci13-PFCA Ci14-PFCA
Acronym PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
Agency, Agency,
2012b) 2012c)
Boiling point 218°C (Yaws, | 218°C 238.4 °C 249 °C 260.7°C 270 °C (BIG
2008) measured (Kaiser etal., | SRC PhysProp | Calculated Database)
(Kauck and 2005) Database using
Diesslin, (calculated) Advanced
1951) Chemistry
Development
(ACD/Labs)
Software
V11.02 (©
1994-2012
ACD/Labs)

1.1.2, Justification for grouping

C9-C14-PFCAs belong to the same substance category of long-chain perfluorinated carboxylic
acids (PFCAs). The substances in this group have a highly similar chemical structure: a
perfluorinated carbon chain and a carboxylic acid group. They differ only in the number of
CF2-groups whereas all other fragments are the same within the group.

As a result of comparing the experimental and estimated data of the PFCAs, it can be
concluded with sufficient reliability that the behaviour of the PFCAs follows a regular pattern:
with increasing chain length water solubility decreases and the sorption potential increases
(Please see Table 1- 4 and Annex B.1.4).

Because of the highly similar chemical structure and behaviour in the environment it is
motivated to consider C9-C14-PFCAs as a group in the scope of this restriction proposal. A
grouping of substances is needed to eliminate the risks resulting from the exposure of humans
and the environment to C9-C14 PFCAs. PFOA, which also belongs to the group of long-chain
PFCAs will be restricted from 2020 on. Thus, with this restriction the whole group of long-
chain PFCAs will be regulated within the EU.

The following substances belong to the same substance category of long-chain perfluorinated
carboxylic acids (PFCAs). Please see Annex B.1.4 for further information.

Table 1-5: Long-chain PFCAs

EC CAS Substance name Length of
number number the carbon
chain

206-397-9 | 335-67-1 Pentadecafluorooctanoic acid (PFOA, C8-PFCA) 8

206-801-3 | 375-95-1 Perfluorononanoic acid (PFNA, C9-PFCA) 9

206-400-3 | 335-76-2 Nonadecafluorodecanoic acid (PFDA, C10-PFCA) 10
218-165-4 | 2058-94-8 Henicosafluoroundecanoic acid (PFUNDA, C11-PFCA) 11
206-203-2 | 307-55-1 Tricosafluorododecanoic acid (PFDoDA, C12-PFCA) 12
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276-745-2 | 72629-94-8 | Pentacosafluorotridecanoic acid (PFTrDA, C13-PFCA) 13

206-803-4 | 376-06-7 Heptacosafluorotetradecanoic acid (PFTDA, C14-PFCA) | 14

It is known that some C9-C14 PFCA-related substances can be degraded to the corresponding
perfluorinated acids under environmentally relevant conditions (D'eon and Mabury, 2011a;
Wang et al., 2005a) (for more details see Annex B.4.1.2). Therefore, these C9-C14 PFCA-
related substances also contribute to the exposure of humans and the environment of C9-
C14 PFCAs and are thus also included in the scope of this restriction proposal. Besides such
C9-C14 PFCA-related substances, for which their degradation to the corresponding
perfluorinated acids has already been shown in different studies, other substances (for
examples see Appendix B.1.) show high similarities in their molecular structures compared to
C9-C14 PFCAs and related substances for which degradation to C9-C14 PFCAs was shown.
This high similarity and the nature of the chemical binding of the perfluorinated alkyl moiety
to other parts of the molecules lead to the hypothesis that degradation is very likely, but has
simply not yet been investigated in detail. Besides the substances registered under REACH
further C9-C14 PFCA related substances are known which could be used within the EU and
may also be imported into the EU via imported articles and mixtures (Ministry of
Environmental Protection of the People’s Republic of China, 2013). A grouping approach via
chemical sum formula is therefore the most appropriate way to cover all relevant substances.

1.1.3. Classification and labelling

1.1.3.1. Classification and labelling in Annex VI of Regulation (EC) No
1272/2008 (CLP Regulation)

C9-PFCA and C10-PFCA as well as their sodium and ammonium salts are listed in Annex VI of
CLP Regulation (C9-PFCA: 9th ATP; C10-PFCA: 10th ATP)

Table 1- 6: Harmonized classification of C9-PFCA and its sodium and ammonium salts (Index No 607-
718-009) and C10-PFCA and its sodium and ammonium salts (Index No 607-720-00-X)

Substance CAS No Classification Labelling
Hazard Hazard Hazard Pictogram,
Class and statement | Statement | Signal
Category Code(s) Code(s) Word
Code(s) Code(s)
perfluorononan-1-oic | 375-95-1 | Carc. 2 H351 H351 GSHO08
acid [1] and its [1] Repr. 1B H360Df H360Df GSHO07
sodium [2] and 21049- Lact. H362 H362 GHSO05
ammonium [3] salts 39-8 [2] AcuteTox. 4 | H332 H332 Dgr
Acute Tox. 4 | H302 H302
4149-60- | STOTRE 1 H372 H372
4 [3] Eye Dam. 1 | (liver, (liver,

thymus, thymus,

spleen) spleen)

H318 H318
nonadecafluorodecan | 335-76-2 | Carc. 2 H351 H351 GHSO08
oic acid; [1] [1] Repr. 1B H360Df H360Df Dgr
ammonium 3108-42- Lact. H362 H362
nonadecafluorodecan | 7 [2]
oate; [2] 3830-45-

3 [3]
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sodium
nonadecafluorodecan
oate [3]

1.1.3.2. Self classification(s)

The following industry self-classification(s) and labelling for C9-C14 PFCAs were publicly
available in ECHAs C&L Inventory on July 2017.

Table 1- 7: Notified classification and labelling according to the C&L Inventory

Substance | CAS No Hazard Class and Hazard statement | Number of
Category Code(s) Code(s) Notfiers
C9-PFCA 375-95-1 Skin Irrit. 2 H315 27
Eye Irrit. 2 H319 27
STOT SE 3 H335 27
Skin Corr. 1C H314 4
Eye Dam. 1 H318 1
C10-PFCA 335-76-2 AcuteTox. 3 H301 31
Skin Irrit. 2 H315 26
Eye Irrit. 2 H319 26
STOT SE 3 H335 26
Skin Corr. 1B H314 4
Acute Tox. 3 H311 2
Acute Tox. 3 H331 2
Eye Dam. 1 H318 1
C11-PFCA 2058-94-8 Skin Irrit. 2 H315 26
Eye Irrit. 2 H319 26
Acute Tox. 4 H302 24
AcuteTox. 4 H312 24
AcuteTox. 4 H332 24
Not classified 3
STOT SE 3 H335 1
C12-PFCA 307-55-1 Skin Irrit. 2 H315 24
Eye Irrit. 2 H319 24
STOT SE 3 H335 24
Skin Corr. 1B H314 3
Met. Corr. 1 H290 1
Eye Dam. 1 H318 1
Aquatic Acute 1 H400 1
Aquatic Chronic 1 H410 1
Acute Tox. 4 H302 1
Acute Tox. 4 H312 1
Acute Tox. 4 H332 1
C13-PFCA 72629-94-8 No entry
C14-PFCA 376-06-7 Not classified
Skin Corr. 1B H314

1.1.4. Hazard assessment
C9-C14-PFCAs were added to the REACH Candidate List as substances of very high concern

(see Table 1- 8). C9- and C10-PFCAs as toxic for reproduction (Repr 1B) and persistent and
bioaccumulative, whereas C11- C14 PFCAs as very persistent and very bioaccumulative
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substances. Detailed information on the PBT/vPvB assessment are provided in chapter B.8.
of the Annex.

Due to these properties they may cause severe and irreversible adverse effects on the
environment and human health.

Table 1- 8: C9-C14 PFCAs (and salts) were added to the Candidate List based on PBT and vPvB-
properties

Substance | CAS-No Intrinsic properties referred to in Article | Reference
57 and date oc inclusion in Candidate
List
C9-PFCA 375-95-1, Toxic for reproduction (Article 57¢) (European
and its 21049-39-8, | PBT (Article 57d) Chemicals
sodium and | 4149-60-4 Included on Candidate List 17 December Agency,
ammonium 2015 2015b)
salts
C10-PFCA 335-76-2, Toxic for reproduction (Article 57¢) (European
and its 3830-45-3, PBT (Article 57d) Chemicals
sodium and | 3108-42-7 Included in Candidate List 12 January 2017 Agency,
ammonium 2017b)
salts
C11-PFCA 2058-94-8 vPvB (Article 57e) (European
Included in Candidate List 19 December Chemicals
2012 Agency,
2012a)
C12-PFCA 307-55-1 vPvB (Article 57e) (European
Included in Candidate List 19 December Chemicals
2012 Agency,
2012a)
C13-PFCA 72629-94-8 VvPvB (Article 57e) (European
Included in Candidate List 19 December Chemicals
2012 Agency,
2012a)
C14-PFCA 376-06-7 vPvB (Article 57e) (European
Included in Candidate List 19 December Chemicals
2012 Agency,
2012a)

C9-C14 PFCA related substances can degrade to C9-Cl14 PFCAs in the environment (see
chapter B.4.1.2). Therefore, the hazard profiles of C9-C14 PFCAs apply to these substances
as well. According to REACH, if transformation/degradation products with PBT/vPvB properties
are being generated, the substances themselves must be regarded as PBT substances
(European Chemicals Agency, 2017a).
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1.1.5. Exposure assessment
1.1.5.1. Environmental exposure assessment

1.1.5.1.1. Releases of C9-C14 PFCAs their salts and related substances within the
EU

C9-C14 PFCAs, their salts and related substances are manufactured unintentionally during
the manufacturing of C8 PFCA salts (such as the ammonium salt of PFOA (APFQO)), C8-PFCA
related substances and C6 PFCA related substances (see Table below).

Table 1- 9: Estimated (unintentional) concentrations of C9-C14 PFCAs, their salts and related
substances during manufacturing of other substances.

Process Content of Content of Remarks Reference
C9-C14 PFCAs | C9-C14 PFCA
and their salts | related
substances
Manufacturing C8 and C8 related substances
Manufacturing of 0.21 % Ceased (Prevedouros
APFO (C8-PFCA within the EU | et al., 2006)
salts)
Manufacturing of 20-45 % Ceased Stakeholder
PFOA related within the EU | information
substances (C8- in 2015
PFCA related
substances)
Manufacturing of C6 related substances
In the C8 fraction up to 30 % This fraction | Stakeholder
is separated information
and reworked
In the C6-fraction Low ppm range | Transported Stakeholder
isolated information
intermediates
Up to 25 ppb Up to 260 ppb Mixtures sold | Stakeholder
to industry information

As described in Annex A.2 in more detail, C9-C14-PFCAs, their salts and related substances
were historically (unintentionally) used within the EU in many applications. The substances
could be detected in various consumer articles and mixtures such as textiles, carpets,
upholstery, paper, leather, toner, cleaning agents and carpet care solutions, sealants, floor
waxes, paints and impregnating agents.

As reported by European industries C9-C14 PFCAs, their salts and related substances are not
intentionally manufactured in the EU anymore (see Annex A1l for details). Moreover, the
consulted stakeholders reported that in the past there was no intentional use of these
substances within the EU. However, there are indications that C9-C14 PFCAs, their salts and
related substances are used outside the EU and are imported in articles and mixtures. Thus,
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the substances might still be present in articles and mixtures imported into the EU (see Annex
A.2 for examples).

The substances are, according to industry still manufactured as unintended side fraction
during the manufacturing of per- and polyfluorinated chemicals containing a carbon chain of
less than nine carbon atoms, e.g. based on a C6- perfluorinated carbon chain. Thus, releases
of C9-C14 PFCAs are still ongoing. Because of the wide range of uses of those chemicals (see
Annex A.2 for details) and manifold sources releases cannot be quantified for single uses.
Thus, in the following chapters releases of C9-C14 PFCAs, their salts and related substances
are described only for three scenarios:

- Releases from manufacturing fluoropolymers and use of fluoropolymers (see chapter
A.2.2 in the annex for details on manufacturing of fluoropolymers)

- Releases from impurities in articles/mixtures intentionally containing PFCAs with a
carbon chain of less than nine carbon atoms (example use of fire-fighting foams and
textiles in Annex B.9.1.2.2 ans B.9.1.2.3)

- Releases to waste water, sludge, landfill and deposits

The substances are released into the environment during every life cycle step and via various
exposure pathways. Consequently, it can be distinguished between direct and indirect sources
of C9-C14 PFCAs: Environmental release from the manufacture and use of PFOA-related
substances can either be direct, i.e. C9-C14-PFCAs contained as impurities, or indirect due to
degradation of C9-C14 PFCA-related substances. This definition is used to better describe the
releases of the substances and is in-line with the previous restriction on PFOA, its salts and
related substances and the UNEP/OECD global group (OECD 2013).

Direct sources include releases from:

- the intentional manufacture and use of C9-C14 PFCAs, their salts and related
substances (propably not relevant for the EU, but

- the manufacture and use of FCAs and related substances containing a carbon chain of
less than 9 carbon atoms (C9-C14 PFCAs contained as impurities)

- the life-cycle of articles and mixtures that contain these substances as constituents,
impurities or residues.

For example, articles treated with fluoropolymers- such as polyvinylidene fluoride (PVDF) may
contain C9-PFCA as residue when the substance has been used as processing aid.

Indirect sources refer to the formation of C9-C14 PFCAs from C9-C14 PFCA-related
substances

Generally, depending on physicochemical properties, manufacturing procedures, use and
disposal patterns, C9-C14 PFCAs and their potential precursors may enter the environment
via various exposure routes. Since the substances can be transported via air and water
globally, the following indirect sources are also relevant for the EU.

(i) through fugitive releases or through waste streams (exhaust gases,
wastewater, sludge, solid wastes) from manufacturing sites (including
manufacturing of C6 based chemistries)

(ii) through volatilization along the supply chain from manufacturers to
downstream industrial users or end consumers;

(iii) through fugitive releases or through waste streams (exhaust gases,
wastewater, sludge, solid wastes) from downstream industrial user sites (e.g.,
fluoropolymer manufacturing sites, paper and textile factories), where articles
containing perfluorinated alkyl acids and their potential precursors are applied,
further processed or incorporated into industrial/consumer articles;
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(iv) through volatilization, wash off or direct use in the environment during use
phase of articles containing PFCAs and their potential precursors;

(v) through inappropriate treatments of wastes containing C9-C14 PFCAs, their
salts and related substances, including use of sewage sludge as fertiliser,
untreated outgassing from landfills or insufficient wastewater treatments, etc.
(OECD, 2013)

1.1.5.1.2. Releases from manufacturing and use of fluoropolymers

Fluoropolymers can be manufactured either in the emulsified or in the dry form. For the
emuslified form an emulsifier is needed. Based on information from the literature one of the
most important polymer manufactured with salts of C9-C14 PFCAs is polyvinylidene fluoride
(PVDF). APFN, the ammonium salt of C9-PFCA has been used as an emulsifier for
manufacturing polyvinylidenefluoride (PVDF) (Annex A.2.2).

During the stakeholder consultation (see Annex G) industry stated not to use C9-C14 PFCAs
for fluoropolymer manufacturing within the EU. However, imported articles and mixtures may
contain fluoropolymers manufactured with salts of C9-C14 PFCAs outside the EU. Thus,
imported articles and mixtures may contain impurities of C9-C14 PFCA salts.

Worldwide, 41.000 t of polyvinylidene fluoride (PVDF) have been used in 2015 (Krdamer and
Schlipf, 2016). It is estimated that Europe consumed about 20 % of worldwide produced
fluoropolymers. Thus, about 8,200 t of PVDF were estimated to be used in Europe in 2015.
The fluoroplastics marked is rapidly growing. An annual growth of 3 to 5 % is predicted until
2022 in Europe (Kramer and Schlipf, 2016). So, an annual consumption of PVDF in Europe of
about 11,500 t could be deduced for the year 2022. The share of the PVDF manufactured with
C9-C14 PFCA salts is not known, neither the share of imported PVDF into the EU. Moreover
the content of C9-C14 PFCA salts in the final polymer and the articles and mixtures placed on
the market is not known either. Thus, emissions into the environmenment cannot be
calculated. However, it can be considered that C9-C14 PFCAs may be present in traces in the
imported final articles and mixtures (containing i.e. PVDF manufactured outside the EU with
C9-C14 PFCAs) and may be released into the environment during use and disposal. Since the
market for fluoropolymers is growing worldwide (see chapter B.9.1.2.3 in the Annex for
details) the release from C9-C14 PFCAs, their salts and related substances may increase
within the EU from articles and mixtures containing fluoropolymers.

As summarized in Table 1-10 it is further assumed that C9-C14 PFCAs also occur as
unintended by-products in fluoropolymers manufactured intentionally with PFOA. During 2015
and 2020 0.01 t/a of C9-C14 PFCAs and their salts are assumed to be released into the EU
environment from the manufacturing and wuse of fluoropolymers such as
polytretrafluoroehtylene (PTFE).

1.1.5.1.3. Releases resulting from impurities in articles and mixtures containing
PFCAs with a carbon chain of less than nine carbon atoms

Long-chain PFCAs are present as impurities not only in fluoropolymers. They also occur
unintentionally in articles and mixtures containing PFCAs with a carbon chain of less than nine
carbon atoms. According to van der Putte up to 0.2 % C9-PFCA is unintentionally
manufactured during the manufacturing of the ammonium salt of C8-PFCA (APFN) (van der
Putte et al., 2010). C10-C14 PFCAs their salts and related substances may be unintentionally
present up to 0.01 % in articles and mixtures containing APFO. Thus, the substances may be
present in all articles and mixtures where PFOA and its salts have been used.

For manufacturing C8-based fluorochemicals (PFOA-related substances) 20-45% longer chain

homologues have been occurring in the reaction mixtures according to information from
stakeholders. Applying release factors of 0.05 %, approximately 1.65 to 3.71 t/a of C9-C14
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PFCA related substances were released post 2015 within the EU from manufacturing
estimated 165 t of PFOA-related substances (see Table 1-10). However, manufacturing of
PFOA-related substances ceased in December 2015 within the EU and releases of C9-C14
PFCA related substances post 2015 are zero. However, we assume that stocks are still
available for certain applications. Especially, considering the longer transitional periods and
derogations for some uses e.g. medical products and fire-fighting foams. Thus, releases of
unintentionally occurring C9-C14 PFCAs, is ongoing within the EU. Additionally articles and
mixtures treated with C8-PFCA and related substances have life-times from days to decades
(e.g. wrapping paper vs. furniture). Thus, emissions into the environment will continue
although the main uses for C8-based fluorochemicals may discontinue in the near future.

In the background document for the restriction of PFOA (European Chemicals Agency, 2015a)
it was estimated that approximately 1,600 t/a of PFOA-related substances were imported and
used in the EU post 2015 (Table 1-10). The total volume of PFOA-related substances in
imported articles and mixtures is unknown. Based on that assumption and on the content of
C9-C14 PFCA related substances given by stakeholders (20-45%), and applying different
release factors (see Table 1-10) approximatlely 12.6 t C9-C14 PFCA related substances were
released post 2015 as unintended impurities from the use of PFOA related substances in
textiles, fire-fighting foams, paper, paints and inks, photographic applications and
semiconductors. According the the restriction of PFOA and PFOA-related substances from
2020 on the release of C9-C14 PFCA related substances will be reduced to 1.43t/a after 2020
(see Table 1-10).

With industry shifting to short C6-based fluorochemicals, the amount of C9-C14 PFCAs as
unintentional by-products is lower (see chapter A.1.1 in the Annex for further details).
Mixtures sold to industry contain C9-C14 PFCAs and related substances in trace levels up to
25 ppb and 260 ppb, respectively. However, the manufactured volume of C6 based
fluorochemicals used within the EU and imported into the EU is not known. Therefore, release
rates of C9-C14 PFCAs, their salts and related substances from manufacturing and using those
short chain alternatives cannot be quantified.

During the manufacturing of C6 related substances, up to 30% C9-C14 PFCAs, their salts and
related substances are intentionally manufactured. In the EU this fraction is seperated and
reworked. However it is not sure if this technology is used outside the EU as well. Thus,
imported mixtures of C6-based fluorochemicals may contain higher levels of C9-C14 PFCAs,
their salts and related substances.

No information is available on the uses of C9-C14 PFCAs outside Europe. Wang et al., 2014
estimated a decreasing trend in countries outside the EU, but a phase out is not foreseen in
the near future (see chapter B.9.1.2.1 for details).

In conclusion emissions of C9-C14 PFCAs, their salts and related substances from articles and
mixtures containing intentionally used C6- and C8-based fluorochemicals are possible. A
continued exposure from those uses with a decreasing trend is expected during the next years
within the EU.

1.1.5.1.4. Releases of C9-C14 PFCAs from waste water treatment plants

C9-C14 PFCAs, their salts and related substances occur as impurity in a huge amount of
consumer articles and mixtures such as textiles, cosmetics and cleaning agents, that contain
other per- and polyfluorinated substances. Articles and mixtures purchased some years ago
may contain perfluorinated substances higher levels of C9-C14 PFCAs and related substances
than those available today. The reason is that C8-based fluorochemicals were used which
contained higher concentrations of C9-C14 PFCAs and related substances compared to the
use of short chain alternatives or even fluorine free articles and mixtures.. Due to their long
period of use, especially textiles may contribute to C9-C14 contamination from former uses
of different perfluorinated compounds. Articles and mixtures containing more or less C9-C14
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PFCA impurities are found in almost every household in the EU. This results in a wide
dispersive release of these substances into air and into waste water e.g. laundry. It is
impossible to gather all single release points, however WWTPs are a major source of the
released C9-C14 PFCAs, their salts and related substances. C9-C14-PFCAs will not degrade in
the WWTPs and therefore they will reach the effluent water or accumulate in sewage sludge.
Moreover, C9-C14 PFCA related substances degrade in WWTPs to the corresponding
perfluorinated acids (C9-C14 PFCAs). Thus, the amount of C9-C14 PFCAs is usualy higher in
the effluent compared with the influent. Based on measured concentrations in effluent water
and sludge and using data for default WWTPs according ECHA Guidance document, the release
of C9-C14 PFCAs into the European environment was estimated. Different authors reported
varying concentrations of C9-C14-PFCAs from below the detection limit up to several pg per
kg sludge or effluent water. The concentrations of C9-C14 PFCAs depend on the shares of the
water qualities to be treated, the technical equipment in the WWTPs, the treatment stages
and further factors. Usually, the concentration of the PFCAs in the sludge is much higher than
in effluent water. But, due to the enormous amount of effluent water (comparing to the small
amount of sludge) the release of long-chain PFCAs (including C9-C14 PFCASs) to the
environment via WWTP effluent water is not negligible. Because of several restriction
measures, like for PFOA and PFOS, the content of C9-C14 PFCAs is noticeable decreasing in
consumer articles and mixtures and as a consequence also in the WWTP effluent and sludge.
It could be assumed, that about 0.005 t of C9-PFCA, about 0.099 t of C10-PFCA and 0.012 t
of C12-PFCA are released cumulatively into the European environment via WWTP effluents
(effluent water and sludge) between 2015 and 2022 (see annex B.9.1.2.2 for details).

Composting of organic waste and sludge represents an important and well established part of
waste management in Europe. Composting and digestion of organic residues and application
of compost to soils follow the principle of sustainability. Between 50% and 100% of accruing
sludge from WWTPs is composted or directly used in European agriculture. On the basis of
the evaluated data from the WWTPs, we assume that 35 -70 kg of C9, 10, 12-PFCA could be
directly emitted to the soil from sludge until 2022.

A wide spread release of the C9-C14 PFCAs, their salts and their related substances into the
environment has to be considered despite there are no intentional uses of long-chain PFCAs
announced by European industries (see Annex A.2). Based on the assuming calculations and
the expecting emissions from wide spread use of articles and mixtures that unintentionally
contain C9-C14 PFCAs and related substances, 116 kg of C9-C14 PFCAs will be emitted to the
European environment via WWTP until 2022. In this dossier we present a worst case scenario
that bases on the extrapolation of measured values in WWTP. Evaluating the data, the
degradation of precursors may still be underestimated. Moreover, C9-C14 PFCA related
substances can be released additionally to the atmosphere from WWTPs. Additionally,
particle-bound C9-C14 PFCAs can be released into the air. Thus, the releases of C9-C14 PFCAs
and related substances from WWTPs may even be higher in Europe.

1.1.5.1.5. Trends of C9-C14 PFCAs in the environment

C9-C14 PFCAs and related substances are found ubiquitously in the environment including
wildlife and remote areas. Examples are provided in Appendix B.2.

In European wildlife, the levels of C9-C14 PFCA have been found to increase during the last
years. Significant increases have been observed for C9-C14-PFCAs in migratory birds, marine
fish and their predators as well as in terrestrial mammals (details are presented in Annex
B.4.2.5). In some studies a decreasing trend was indicated in samples from the most recent
2-3 sampling years. Decreasing trends of C9-C15-PFCAs in environmental samples have been
reported by Ahrens et al. in harbour seals from the German Bight sampled between 1999 and
2008 (Ahrens et al., 2009b).

Trend studies performed by the German Speciman Bank show that levels and trends of C9-
C11 PFCAs vary even for one species, depending on the sampling site. In bream from the
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river Elbe C10-PFCA peaked in 2011, whereas in the river Rhine highest concentration were
found in 2015 (the last sampling year).For deers in most sampling sites a decline of C9-PFCA
and an increase of C10-PFCA until 2015 was shown.

Decreasing trends of C9-C14 PFCAs in German sewage sludge were reported during 2008 and
2013 (Ulrich et al., 2016). Nearly 5000 sludge samples derived from Bavarian municipal
WWTPs were analysed between 2008 and 2013 for 11 PFASs. In general, there is a decreasing
trend for all three substances in the time period analysed. The decrease of C9-C14 PFCAs in
sludge might be used as an indiactor that also the release of C9-C14 PFCAs from WWTPs into
surface water are decreasing similarly. This decreasing trend seems to correspond with the
decreasing (unintentional) use and thus decreasing release of the substances during the last
years.

1.1.5.2. Human exposure assessment

European human biomonitoring data, including remote locations such as Greenland, show
that C9-C14 PFCA have been detected in various human body fluids such as serum and breast
milk (Annex B.9.2 and Appendix I).

Overall, the concentrations of C9-PFCA, C10-PFCA and C11-PFCA in human serum are in the
similar range of high pg/ml to low ng/ml in the respective studied population in the different
countries. The levels of C12-PFCA, C13-PFCA and C14-PFCA in serum are slightly lower and
in the pg/ml range.

Temporal trend studies show that the concentrations of C9-C13 PFCA in human serum have
been increasing since the 1980s whereas the increase seem to level out or slightly decrease
around 2010 (Yeung et al., 2013). The concentrations of C14-PFCA were too close to or below
LOD for reliable temporal trend analyses (Gebbink et al. 2015, Yeung et al. 2013).

In breast milk the concentrations are lower than in serum. The concentrations of C9-C13 PFCA
in breast milk are ranging from < LOD to low pg/ml (Antignac et al., 2013; Karrman et al.,
2010). For C14-PFCA no concentrations > LOD were found.

1.1.5.3. Summary exposure assessment

Considering that during the manufacturing and use of PFOA, its salts and related substances
C9-C14 PFCAs, their salts and related substances are manufactured unintentionally.

- Manufacturing of PFOA and its salts: 0.21% C9-C14 PFCAs and their salts (Prevedouros
et al., 2006)

- Manufactuing of C8 relatated substances: 20-45% (mean 32.5%) C9-C14 PFCA related
substances are manufactured unintentionally (stakeholder information)

Thus, applying the release factors presented in Table 1-10 approximately 12.26 t C9-C14
PFCA related substances are emitted per year within the EU from those uses during 2015 and
2020 until the PFOA restriction enters into force (see Table 1-10). After the PFOA restriction
becomes binding in 2020 it is estimated that the release of C9-C14-PFCAs related substances
from the remaining uses will be reduced to 1.4 t/year in the EU. These estimations are
however highly uncertain and should be regarded as an indication.

Additionally, import of fluoropolymers such as PVDF, which may be manufactured by using

the ammonium salt of C9-PFCA may be a further emission source for C9-C14 PFCAs. Further
information on emissions are presented in chapter B.9 of the Annex.

PFOA-alternatives, the C6-based fluorochemicals also contain C9-C14 PFCAs as unintended
byproduct:
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- Cé6-related substances (transported isolated intermediates): low ppm range of C9-C14
PFCA related substances.

- Cé6-related substances (mixtures sold toindustry): up to 260 ppb C9-C14 PFCA related
substances.

Releases from those uses have not been estimated in this dossier because the estimation of
manufacturing and import volumes of C6 based fluorochemicals was not in the scope of this
dossier.

Additionally, it is estimated that about 116 kg of C9-C14 PFCAs are emitted in Europe into
the environment by WWTPs until the year 2022. By using (composted) sludge as fertiliser,
about 35 - 70 kg of C9-C14 PFCAs directly could be applied to soil.

European human biomonitoring data, including remote locations such as Greenland, show
that C9-C14 PFCA are widely detected in body fluids such as serum and breast milk in human
populations at pg/ml to ng/ml levels. Temporal trend studies show increasing levels from

1980s until approximately 2010 where the levels seem to level out or decrease.

Increasing levels of C9-C14 PFCAs in some European wildlife species and a decreasing trend
in German WWTPs were reported. It is unclear why levels in wildlife are increasing, although
the releases of the substances decline. It is possible that the levels in the studied species
have reached the peak by now, but most recent data are not available.

Table 1- 10: Estimated annual use volumes and releases of PFOA (red) and PFOA-related substances
(blue), C9-C14-PFCAs (brown) and C9-C14 PFCA related substances (green) subject to the proposed
restriction based on current use (worst case scenario) and post 2015 (more realistic scenario) based

on the background document for the PFOA restriction (European Chemicals Agency, 2015a)

Releases of Releases of
Volume Rel Emission C9-C14 C9-C14 PFCAs
Pr‘t)‘:laml':"tFOA' used/imported | > S2€ |  estimate | PFCAsand | and related
relate isnu stances t/a o t/a related substances
‘post 2015’ o ‘post 2015’ | Substances | spost 2020
‘post 2015
Import of PFOA 0 0.35(70x | o 0 0
0.5)
in articles| 3 ? ? ? ?
Fluoropolymers
import and use 0.01%* 0
of PTFE mixtures 15 38 >7
1 - B
(volume usedoutsL_lzi (9 - 280) (80) (7.2 - 224) (0.01-0.15)
- $ $
Manufacture of PFOA 30 -300 0.015 - 0.15 0 0
related substances 65 0.05 0.083
(central estimate) ( ) ©. )
Textiles (uses of C8
based chemicals
Use in EU 300 2% 6 1.958 0.2§
Import in articles| 300 - 3,000 1% 3-30 0.98-9.8% 0.09-0.988
(central estimate) | (1,500) (15) (5,4)8 (0.54)§
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Releases of

Releases of

Volume Emission C9-C14 C9-C14 PFCAs
PFOA and PFOA- | . /imported Rf':":tase estimate | PFCAsand | and related
related isnubstances t/a - or t/a related substances
‘post 2015’ ° ‘post 2015’ | substances | po5t 2020
‘post 2015
Fire-fighting foams 15-30 4.5%% 0.7-1.4 0.23-0.46 0.23-0.46
(central estimate) (23) ' (1) (0.69) (0.69)
Paper 45 - 60 % 09-1.2 0.29 - 0.39 0
(central estimate) (53) (1.1) (0.68)
Paints andinks 15- 30 54 SH* 8.2-16.4 2,67-5,33 0
(central estimate) (23) ' (12) (3,9)
Phot_ogrf'aphlc 0.001/0.1 0.02/? 0.0000002/? 0.000000065 | 0.000000065/
applications /? ?
Semiconductors 0/0.02 -/3.8 -/0.000076 -/0.000025 -/0.000025
Total
PFOA/C9-C14 PFCA
/ S |1gy . ~5.7/ 0.01/ 0/
PFOA-related 675 — > 32/ 18.8 - 6.12 - 0.52 -
substances/C9-C14 3 420%%* 1.7-2.8 55 kK 17.9%*x 1.64%**
PFCA related ! (1.9) :
substances (1,900) (35.2) (12.62) (1.43)

(central estimate)

* assuming that 0.1% of C9-PFCA and 0.01% of C10-C14 PFCA are unintentionally present (based on
van der Putte etal 2010); ¥ manufacture ceasedin 2015; § Estimate: 10% are still treated with C8
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1.1.6. Risk characterisation

C9-C14-PFCAs were added to the REACH Candidate List as Substances of Very High Concern
due to their PBT or vPvB-properties. C9- and C10-PFCA are additionally toxic for reproduction.
Furthermore, (C9-C14 PFCA-related substances can degrade to the corresponding
perfluorinated acids and must therefore be considered as PBT/vPvB substances as well
(Regulation No 1907/2006 Annex XIII) (in the same manner as PFOS-related substances have
previously been treated under REACH (Regulation No 1907/2006 Annex XVII) and currently
in the EU POPs regulation (Commission Regulation (EU) No 757/2010)) and PFOA-related
substances under REACH (Commission Regulation (EU) No 2017/1000).

Derivation of PNECs is not applicable to substances with these properties (REACH recital 70/
Annex I, para 6.5). Exposure of the environment (and humans) with these substances should
be reduced to the extent possible.

It was demonstrated in chapter 1.1.5 that the environment, including human population, is
exposed to C9-C14 PFCAs, their salts and related substances via various exposure pathways
(wide dispersive, mainly from releases in the past). Due to the PBT/vPvB-properties
environmental risks cannot be quantified.

Available emission estimates (see 1.1.5.3 and annex B.9) and environmental monitoring data
(details in annex B.4.2.5 and appendix B.2 are a proxy for an unacceptable risk.

1.2. Justification for an EU wide restriction measure

A large variety of emission sources contribute to the exposure of humans and the environment
to C9-C14 PFCAs (see chapter B.4. and B.9. in the Annex). Human biomonitoring shows that
the whole EU population is exposed to C9-C14 PFCAs (Appendix I) and monitoring studies
show the ubiquitous presence of the substances in all environmental media. Thus, exposure
to humans and the environment takes place in all EU-Member States. A restriction on C9-C14
PFCAs, their salts and related substances is the most appropriate way to limit the risks (due
to further releases into the environment) for human health and the environment on an EU
level (see more information in Annex C).

Therefore national regulatory actions will not adequately manage the risks of C9-C14 PFCAs
and related substances.

The restriction on PFOA, PFOA-related substances and its salts will become binding in 2020
with certain derogations. This so called C8-chemistry represents the preferred choice of chain
length for almost all fluorinated applications due to its superior properties with regard to
quality and cost. A large part of the industry has already substituted C8-based chemicals
towards C6-technology or fluorine free alternatives. It is believed that the vast majority of
the remaining companies using C8-chemistry will substitute to C6 or fluorine free alternatives.
However, it may be possible that companies may consider the use of C9-C14 PFCAs, their
salts and related substances in the future, especially after the restriction on PFOA, its salts
and related substances becomes binding in 2020. Thus, an EU-wide measure is necessary to
prevent possible future manufacturing and use resulting in increasing releases into the
environment.

The restriction will complement the decreasing trend in the use of C9-C14 PFCAs, its salts,
and related substances triggered by the US-EPA PFOA Stewardship Program (see Annex
E.1.1), the Canadian restriction on long-chain PFCAS, the Norwegian ban of PFOA in consumer
articles and the EU-restriction of PFOA, its salts and related substances. An EU wide restriction
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will prevent and reduce the releases of C9-C14 PFCAs, their salts and related substances
within the EU in a hormonised manner. Moreover, a restriction within the EU may be the first
step for global action.

1.3. Baseline

Trend analyses in organisms (see chapter Annex B.4.2.5) show that there are increasing
trends for C9-C14-PFCAs in some species in Europe, such as migratory birds, marine fish and
their predators, and terrestrial mammals. One study reported decreasing concentrations in
harbour seals sampled in the German Bight between 1999 and 2008. C9-C14 PFCA related
substances were found to increase in osprey eggs in Sweden. Temporal trend studies for
human blood show that the concentrations of C9-C14 PFCA have been increasing since the
1980s until approximately 2010 when the increase seems to level out or slightly decrease
(Annex B.9.2). Hence, there is a high potential that ongoing releases of these substances into
the environment will result in long-term human and environmental exposure to C9-C14
PFCAs.

Since 2002, there is a trend amongst manufacturers in the USA, Canada, Europe and Japan
to replace long-chain PFCAs and their potential precursors with chemicals containing shorter
perfluoroalkyl chains or with non-perfluoroalkyl products. This decreasing use-trend for C9-
C14 PFCAs, their salts and related substances is observed as well considering data obtained
from the Swedish Products Register. Moreover, registrants inactivated REACH registration
dossiers for long-chain PFCAs, including C9-C14 PFCAs and related substances in 2017 (see
Annex A.1.1).

According to the results of the stakeholder consultation, no current intentional uses of C9-
C14 PFCAs, their salts and related substances are known for companies located in the EU.
The substances are mainly manufactured unintentionally during the manufacturing of PFCAs
containing a carbon chain of less than 9 carbon atoms. For manufacturing PFOA, higher
amounts of C9-C14 PFCAs are usually manufactured compared with the intentional
manufacturing of alternatives containing a carbon chain of less than eight carbon atoms, such
as perfluorohexanoic acid based substances (C6) (Annex B.2). C9-C14 PFCAs, their salts and
related substances, thus, may occur as impurities in articles and mixtures if fluorinated
substances containing a carbon chain of less than nine carbon atoms are used (see chapter
Annex A.1l). The availability of fluorine free alternatives for many sectors is growing (see
chapter Annex E.2.3.2). However one intentional user has been found for imported
semiconductors. The company reported the use of C10-PFCA in a small number of
semiconductors imported into the EU. An alternative is available and will be used in the near
future. Additionally there are hints that C9-C14 PFCAs are intentionally used outside the EU,
such as the use of C9-C14 PFCAs in semiconductors.

The global market for fluoropolymers is growing. In the literature, C9-PFCA is described to be
used as emulsifier for manufacturing polyvinylidene fluoride (PVDF). Stakeholders indicated
a general transition trend to move from eight and nine carbon perfluorinated carboxylate
polymerization aids (C8-PFCA/C9-PFCA) for manufacturing fluoropolymers to certain mono-
or poly-fluoroether carboxylates or other shorter-chain fluorinated substances. According to
the stakeholder consultation C9-C14 PFCAs, their salts and related substances are not used
in EU for manufacturing fluoropolymers. It is possible that manufacturers outside the EU still
use C9-C14 PFCAs, their salts and related substances for manufacturing fluoropolymers. Thus,
imported articles may still contain these substances. The demand for thermoplastics (e.g.
PVDF) is predicted to grow between 3.1 to 6% annually in EU until 2022. Considering the
rising demand for fluoropolymers, an increase of imported articles containing C9-C14 PFCAs
residues is possible.
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The voluntary US-EPA 2010/2015 Stewardship Program and the Canadian restriction on long-
chain PFCAs are the only existing measures to reduce the releases of C9-C14 PFCAs. However,
indirectly, also the Norwegian ban of PFOA in textiles and the EU-restriction on PFOA have a
reducing effect on the unintentional use of C9-C14 PFCAs. However, imported articles and
mixtures may still contain higher amounts of C9-C14 PFCAs and their related substances
because it is possible that outside the EU, e.g. in Asia, long-chain PFCAs including C9-C14
PFCAs are still used. C9-C14 PFCAs are listed in the Candidate List, which means there is a
duty to inform in the supply chain on articles, which contain above 0.1% of either of these
substances (Article 33). This could have an impact on use since an inclusion in the Candidate
List clearly establish that the substances have properties for being considered as a substance
of very high concern, which should be substituted wherever possible. However, when detected
in articles the concentration is often below 0,1 % that means that the duty to inform in the
supply chainis not applicable. In addition, C9-C14 PFCA related substances are not listed and
therefore not covered by information requirements.

Moreover, it may be possible that without further regulation C9-C14 PFCAs their salts and
related substances are used as C8- substitutes once the PFOA restrictions is enforced in 2020.
However, to date there are no indications that this case would actually occur.

Considering that C9-C14 PFCAs and related substances are found as impurities in products
based on shorter-chain PFCAs and their related substances, a continued exposure from those
uses with a decreasing trend can be expected in the next years within the EU. No information
are available on the scope of uses of C9-C14 PFCAs outside Europe. Therefore, we assume
that uses are ongoing, meaning that imported goods may still contain C9-C14 PFCAs and
emissions from those articles continue in the near future. Since the articles treated with long-
chain PFCAs and their related substances have life-times from days to decades (e.g. wrapping
paper vs. furniture), releases will continue although the uses have stopped.

2. Impact assessment

2.1. Introduction

When assessing the human health and the environmental impacts of the proposed restriction,
the specific concerns of C9-C14 PFCAs, their salts and related substances as PBT/vPvB
substances have to be taken into account. These concerns are particularly related to the
potential of C9-C14 PFCAs to persist in the environment, which means that they do not
degrade under normal environmental conditions (see more details in Annex B.4.1.). This
means that even if the releases of C9-C14 PFCAs and elated substances will cease, it will not
result in an immediate reduction of environmental concentrations. In addition to their extreme
persistence, C9-C14 PFCAs are mobile in the environment and have the potential to be
distributed over long distances, e.g. via long range atmospheric transport. As a consequence,
C9-C14 PFCAs are present in the environment on a global scale, also in remote areas where
releases of the substances are negligible (see Annex B.4.2.5). This implies that continuous
releases may lead to rising concentrations in the environment and exposure of humans and
the environment to C9-C14 PFCAs will continue and possibly increase. In combination with
the potential of C9-C14 PFCAs to accumulate in living organisms (bioaccumulation) as well as
the toxicological properties of C9- and C10 PFCAs (for details see Annex B.5. and Annex B.8),
continuous use and releases of C9-C14 PFCAs and related substances may lead to adverse
effects on human health and the environment arising from long-term exposure. These effects
will be very difficult to reverse, once they have occurred.

Owing to lack of knowledge and data (in particular of long-term effects), the risks of PBT
substances cannot be predicted and quantified by standard risk assessment methods. This
means that the magnitude and extent of the risks of C9-C14 PFCAs and related substances

42



ANNEX XV RESTRICTION REPORT - Co-Ci4 PFCAs -including their salts and precursors-

as PBT/vPvB substances remain uncertain. To inform risk management, the risks of PBT
substances are qualitatively assessed taking into account the hazards as well as release
patterns and exposure pathways.

Against this background, it is evident that also the physical impacts on human health and the
environment of reducing the releases of C9-C14 PFCAs and related substances cannot be
quantified.

The restriction is necessary to avoid the possibility that C9-C14 PFCAs, their salts and related
substances are used as substitutes when the PFOA restriction becomes binding in 2020 and
to reduce the environmental release of the substances present in imported articles and
mixtures intentionally treated/manufactured with C9-C14 PFCAs, their salts and related
substances.

2.2. Risk managementoptions
2.2.1. Proposed options for restriction

Since the subtances are most probably not intentionally used within Europe and imported
articles are a possible emission source of intentionally used C9-C14 PFCAs, their salts and
related substances, a restriction on only single uses would not result in sufficient exposure
reduction.

In terms of risk reduction capacity, a total phase out of manufacturing, use and contents in
articles and mixtures (including imports) is needed

2.2.2. Proposed restriction

Table 2- 1: Restriction on the manufacturing, use, placing on the market and import of C9-C14 PFCAs,
their salts and related substances.

Perfluoroalkyl carboxylic acids (branched | 1. Shall not be

and/or linear) with the formula: a) manufactured, or placed on the

CF3-(CF2)a-C,n=7 or 8 or 9 or 10 or 11 or market as substances on their own;
12 as structural elements including their

salts and including all combinations thereof b) used in the production of, or placed

on the market in:

i another substances, as a
Perfluoroalkyl carboxylic acids (branched constituent,
and/or linear) with the formula: ii. a mixture,

CF3-(CF2)n-, n=8-13 as a structural fil. an article or any parts
. . . thereof,

element, including their salts

in a concentration equal to or above 25
ppb for the sum of C9-C14 PFCAs and
Any related substance (including its salts their salts or 260 ppb for the sum of C9-
and polymers) with the above defined C14 PFCA related substances

linear and/or branched perfluoroalkyl
structural elements that can degrade to
C9-C14 PFCA 2. Paragraph 1 shall apply 18 month from
entry into force of the restriction

The following substances are excluded
from this designation: 3. Paragraph 1 shall not apply to
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e CF3-(CF2)a-X,n>7, where X=F, Cl, a) the manufacture of a
Br substance where this occurs
including any substance with linear as an unintended by-product
and/or branched perfluoroalkyl of the manufacture of
elements and all mixtures thereof fluorochemicals with a carbon

chain equal to or shorter than

e CF3-(CF2)n-S0O2X', n > 7 8 atoms;

where X'=any group, including salts

e CF3-(CF2)n-C(=O)OH, n > 12
including salts

b) a substance that is to be
used, or is wused as a
transported isolated
intermediate, provided that
the conditions in Article 18(4)
lit. a) to f) of this Regulation
are met;

4. Paragraph 1(b-iii) shall not apply to

a) Articles placed on the
market before the restriction
becomes effective

The proposal restricts the manufacturing of C9-C14 PFCAs, their salts and related substances
within the EU. Further the proposal restricts the use, placing on the market and import of C9-
C14 PFCAs, their salts and related substances as substances on their own or in a mixture or
in an article in a concentration equal to or above 25 ppb for the sum of C9-C14 PFCAs and
their salts or 260 ppb for the sum of C9-C14 PFCA related substances.

C9-C14 PFCAs, their salts and related substances are mainly unintended by-products during
the manufacturing of per- and polyfluorinated substances containing a carbon chain of less
than nine carbon atoms, such as perfluorooctanoic acid (PFOA) based substances and
perfluorohexanoic acid based substances. The latter are alternatives of the C8-based
chemistry. It is the intention that this restriction should not apply to the manufacturing of
these so called short-chain alternatives and a specific derogation is introduced.

The proposed restriction is defined as a ban on the use of C9-C14 PFCAs, their salts and
related substances. This includes a restriction on the manufacturing, placing on the market
and use of C9-C14 PFCAs, their salts and their related substances in the EU and the import
of C9-C14 PFCAs, their salts and their related substances in articles into the EU.

This option will phase out the manufacturing, placing on the market and use of C9-C14 PFCAs,
its salts, and related substances 18 months after entry into force. It is suggested to enforce
this restriction together with the restriction of PFOA. The phase out will cover C9-C14 PFCAs,
its salts, and related substances on its own, in mixtures and articles above a content of the
proposed set of thresholds. It also covers imported articles and imported mixtures.

The proposed restriction does not coverthe “second-hand” market (e.g. textiles). One reason
for this is that the second hand market is difficult to control, in most cases one consumer
donates/sells single articles to another consumer (directly or via a second hand store). It
would not be practicalto remove single articles from the market. Also, to use e.g. a jacket as
long as possible before it turns into waste is a sustainable management of resources.
Therefore a derogation for the second hand market is assessed as reasonable.

The consulted stakeholders stated that there are no intentional uses of C9-C14 PFCAs, their
salts and related substances within the EU. It may, however, be possible that during the
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public consultation more intentional uses may be reported. In this case possible derogations
need to be assessed?. One company reported the use of C9-C14 PFCAs (in the low kg range)
in a small number of semiconductors which are imported into the EU. The company requested
a longer transitional period until 2023. However, C9-C14 PFCA levels in the articles were not
reported. Thus, a transitional period for semiconductors and articles containing
semiconductors until 2023 seems reasonable but cannot be justified based on the data
provided.

Since the restriction of PFOA will be enforced in 2020 and the fact that there are no identified
intentional uses of C9-C14 PFCAs a transitional period of 18 month after entry into force
seems reasonable. This would mean the two restrictions would enter into force about the
same time. As previously stated, a rather short transitional period is important to reduce the
incentives that C9-C14 PFCAs, their salts and related substances are used as C8-substitutes
when the PFOA restriction becomes binding.

Threshold:

Based on the information provided by industry, C9-C14 PFCAs, their salts and related
substances occur as unintended by-product during manufacturing of PFCAS containing a
carbon chain of less than nine carbon atoms . With the shift from C8 to short-chain
alternatives, such as C6 and C4-based substances the amount of unintentional manufactured
C9-C14 PFCAs is reduced. Industry statedto be able to comply with similar thresholds as set
for the PFOA restriction, i.e. 25 ppb for the sum of C9-C14 PFCAs and the salts and 1000 ppb
for the related substances.

- The Fluorocouncil suggested a threshold of 25 ppb for any of the acids or 1000 ppb for
the sum of all substances related to any one of the individual acids covered by the
restriction.

- However, further information were provided that a threshold for 260 ppb (for the sum
of C9-C14 PFCA related substance is feasible for mixtures and articles placed on the
EU market.

In transported isolated intermediates C9-C14 PFCAs, their salts and related substances
are present in the low ppm range when intentionally using C6-based chemistries. To
further allow the manufacturing and processing of the C6-based chemistries stakeholders
asked either for a derogation of the transported isolated intermediates or for setting a
higher threshold. Thus, based on the information provided, it is concluded that the
following thresholds are feasible for mixtures and articles placed on the market:

- 25 ppb for the sum of C9-C14 PFCAs and their salts
- 260 ppb for the sum of C9-C14 PFCA related substances

Articles and mixtures tested for C9-C14 PFCAs, their salts and related substances in the past
(see Annex B.2. for details) seem to mainly contain lower concentrations, thus the data
presented suggest that the proposed threshold of 25/260 ppb is reasonable.

2 Assuming suitable justifications are provided
(https://echa.europa.eu/documents/10162/13641/public_consultation_guidance_en.pdf/7c4705d5-
ad01-43ed-a611-06f1426a595c).
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2.2.3. Justification of the selected scope of the proposed
restriction

Releases of PBT/vPvB-substances into the environment need to be minimised. The following
factors have to be considered for this case:

e (9-C14 PFCAs are ubiquitously present in the environment and in human blood and
breast milk of the general population.

e (C9-C14 PFCA related substances contribute to environmental concentrations of C9-
C14 PFCAs

e Exposure pathways of C9-C14 PFCAs, their salts, and related substances are diverse,
as described in Annex B.9, and include industrial sites (e.g. production and processing
sites of per- and polyfluorinated substances containing a carbon chain of less than nine
carbon atoms) as well as consumer articles and mixtures (wide dispersive use).
Furthermore, imported articles and mixtures may contain intentionally used C9-C14
PFCAs, their salts, and related substances.

e Effects of PBT/vPvB substances on human health and environment cannot be predicted
for the long term.

Thus, it is justified to include all substances into the restriction comprising the structural
pattern of a 8 to 13 perfluorinated carbons in a row, i.e. C9-C14 PFCAs and their related
substances.

Moreover, also the use of the so called C6 technology contains impurities of C9-C14 PFCAs,
their salts and related substances as well. Thus, manufacturers of the C6 technology
requested a derogation for manufacturing short-chain per- and polyfluorinated substances
and for transported isolated intermediates during the stakeholder consultation.

The restriction proposal also includes recycled material and articles made from recycled
materials. In this dossier, we have demonstrated that humans and the environment are
exposed to C9-Cl4 PFCAs, its salts and related substances. Because of the extreme
persistence of the substances, each release increases the environmental stock of C9-C14
PFCAs. When recycled materials contain these substances, releases are ongoing in the future.

This is in line with the Commission’s regulation (EU) 2017/1000 on PFOA. As the Commission
states in its detailed explanation for PFOA, an exemption for recycled materials would
potentially lead to higher releases to the environment in comparison with an appropriate
waste management. Recycling of contaminated wastes contributes to environmental releases
and the contaminants may again circulate through use, disposal and recycling phase of
articles. This, in our opinion, would also be the case for articles and mixtures containing C9-
C14 PFCAs, its salts and related substances. In addition (as the Commission also states for
PFOA), substances with POP properties, in line with the objectives of Regulation (EC) No
850/2004, should not be recycled. C9-C14 PFCAs, their salts and related substances have not
yet been identified as POPs under the Stockholm Convention, however, their properties are
similar to PFOA which is being discussed.

Articles placed on the market before the proposed restriction enters into force (i.e. second
hand articles) are excluded from the scope. There are primarily two reasons for this:

1. The second hand market is difficult to control, in many cases this involves one single
article donated or sold by one consumer to a non-profit organisation, which in turn is
purchased by another consumer. It would not be practical to revoke single articles
from the market.
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2. To use e.g. a jacket as long as possible before it turns into waste is a sustainable
management of resources.
A short transitional period of 18 month after entry into force is reasonable. There are no
reported uses within the EU and we propose a longer transitional period for the use in
semiconductors.

2.3. Restriction scenario

C9-C14 PFCAs and related substances are found ubiquitously in the environment including
wildlife and remote areas (see Annex B.4.2.5). As shown in Annex A.2.4., C9-C14 PFCAs,
their salts, and related substances can be found in many (imported) articles and mixtures
which to some part could explain the findings in the environment. Fluorine free alternatives
are already available on the market and widely used in several branches (see Annex E.2.3.2).

Industry based in Europe has already shifted from the use of long-chain per- and
polyfluorinated substances to either short chain homologues (such as C6-based chemistries)
or fluorine free alternatives. Thus, there are no major effects foreseen for stakeholders.
However, importers of articles may be effected by the restriction, (one stakeholder reported
the use of C9-C14 PFCAs in imported semiconductors) because they have to make sure that
the imported articles comply with the thresholds for C9-C14 PFCAs, their salts and related
substances. This is still an area of uncertainty since we do not know to what extent C9-C14
PFCAs are included in imported articles. Part of the compliance cost which might occurcan be
shared with the PFOA restriction, since actions taken to comply with the PFOA restriction can
reduce the compliance cost for this restriction. National authorities need to enforce the
restriction, thus they need to control certain imported articles. Since C9-C14 PFCAs can be
expected in similar articles as PFOA and the PFOA restriction will entry into force in 2020 we
consider that this restriction will only imply a minor burden on national authorities.

2.4. Assessment of the restriction option

2.4.1. Economic impacts

Since no intentional usage of C9-C14 PFCAs and their related substances have been identified
within the EU during the stakeholder consultation (except for one use in imported
semiconductors) there are also few economic consequences which have been identified.

Regarding the use of PVDF-fluoropolymers for thermoplastics (see Annex A.2.2. for details)
industry contacts stated that within the EU C9-C14 PFCAs and their salts are not used
anymore for PVDF manufacturing. It is however assumed that some part of the industry, most
certain located outside the EU may experience cost increases when transition is made to C9-
C14-PFCA free production process.

In the EU C9-C14-PFCAs are manufactured as unintended side fraction during the
manufacturing of per- and polyfluorinated chemicals containing a carbon chain of less than
nine carbon atoms, e.g. based on a C6- per fluorinated carbon chain. During the
manufacturing of C8-based substances, the amount of C9-C14 PFCAs as impurities is higher
compared with the levels in the C6-based substances. In the EU, North America and Japan,
the manufacturing and use of C8-based substances has been reduced drastically during the
last decade. This transition may have started also in other countries, such as China and
Russia. Imported articles may still contain higher unintended fractions of C9-C14 PFCAs
compared with articles manufactured and treated with PFCAs containing a carbon chain of
less than 9 carbon atoms in the EU. Costs might occur for importers, downstream users and
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consumers if these articles can no longer be imported. Part of these compliance costs can
potentially be shared with the PFOA restriction.

Administrative costs

Some companies in the outdoor textile industry have indicated that they intend to send some
of their products to independent laboratories for testing once a restriction is implemented.
This is done to test the occurrence of C9-C14 PFCAs through unintended use. This will induce
some costs for the companies (see annex E). Part of these testing costs can most probably
be shared with the testing needed to comply with the PFOA restriction. Even though it has
not been implied in the data collection process by any other stakeholder it cannot be ruled
out that similar testing costs might be incurred on other type of companies.

Substitute cost

No substitution costs have been identified since no use of C9-C14 PFCA has been identified
in the EU, except for one example of C9-C14 PFCAs in imported semiconductors. Unless
anything else is reported further along in the stakeholder consultation process, we assume
that there are no substitution costsin the EU. In Annex E.2.3.2 some costs were provided to
produce fluorine free articles. However, these costs apply for substituting PFOA and short
chain per- and polyfluorinated substances, such as the C6-based chemistries.

Comparison with other similar PBT & vPvB, PFAS cases

In cases with other similar PBT and vPvB substances, where concentrations have reached the
recommended guidance level, for example PFAS in drinking water in Sweden (from firefighting
foam), it has been proven (Swedish Chemicals Agency, 2016), tobe a cost effective measure
to regulate these substances in beforehand rather than paying for the abatement and
substitution cost afterwards. This follows from the large replacement costs for a contaminated
water source, which makes the cost of regulation in beforehand much smaller than replacing
the water source afterwards. We argue (for a similar hypothetical case) that it would be cost
effective to regulate the use of C9-C14 PFCA and their related substances in beforehand as
well rather than abating or replacing a water source if, if recommended guidance levels where
to be exceeded.

Remediation costs of contaminated sites

In the US C9-PFCA was detected as the major component in ground water, surface water and
drinking water near a fluoropolymer manufacturing site in New Jersey3. The reason for the
contamination is historical uses of Surflon, S111 a mixture containing primarily C9-PFCA,
between 1991 and 2010. It was reported that 86,6% of the 125 t used during this time period
were released to the environment. Because of elevated C9-PFCA concentrations in ground
water, local authorities developed specific ground waterlimit values for C9-PFCA. Remediation
costs were not reported but are assumed to be high.

The use of chemistries containing C9-C14 PFCAs as (unintended) by-products and historical
uses of the substances has contributed to the contamination of (drinking) water and soil with
corresponding high costs of remediation. Most of these contaminations have been caused by
the use of PFASs (including long-chain PFASs) in fire-fighting foams in fire events. The
remediation costs are mainly related to the treatment of ground/drinking water and the
excavation and disposal of contaminated soil. The severity and extent of the damage caused
and the related costs entailed differ between the cases reported. In some cases the total
remediation cost is not known yet or not reported. Those costs are, however, usually

3 http://www.state.nj.us/dep/dsr/pfna/
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attributed to (historical) contamination with PFOA or PFOS. C9-C14 PFCAs are also present in
those contaminated sites when PFOS or PFOA was used intentionally.

Enforcement Cost

Average enforcement costs have been identified in connection to the restriction on lead
compounds in PVC for EU28 Member State Agencies to ensure compliance with EU regulation,
with reference to Milleu, (2012) and RPA, (2012). In these reports ECHA assessed the
administrative cost of member states to comply with restrictions to be approximately EUR
55 600 per year. This number should only be seen as an indications of the magnitude of the
enforcement costs, since a variation in costs is observed for different restrictions. It is in
general believed that the enforcement costs of this restriction will be lower than on average
since some of these costs can be shared with the enforcement costs associated with the PFOA
restriction. An inspection and the following testing for the occurrence of both PFOA and C9-
C14 PFCA in articles at the same time is cheaper than dining two separate inspections and
testing procedures. Thus, the costs described above can already in part be attributed to the
enforcement of the PFOA-restriction.

Competition

It is anticipated that this restriction will have no effect at all on competition, since all
companies on the common market are affectedin the same way.

2.4.2. Human health and environmental impacts
2.4.2.1. Human health impacts

The human exposure to C9-C14 PFCAs, their salts and related substances have the potential
to cause adverse health effects, considering the PBT or vPvB properties of these substances.
The toxicological profile of C9-C14 PFCAs (described in Annex B.5.) lead to the classification
of C9- and C10-PFCA i.e. as Repr. 1B. (See section 1.1.3 -1.1.6 for details).

In Annex B.9. and Appendix I it is demonstrated that there is an on-going human exposure
to C9-C14 PFCAs their salts and related substances. C9-C14 PFCAs are detected in human
blood and breast milk samples globally and in the EU, including remote locations such as
Greenland. Consumers are exposed to C9-C14 PFCAs via food, drinking water and house dust.
Food is the major source of exposure for the general population. Furthermore, drinking water
exposure is dominant for populations near sources of contaminated drinking water.

Some of these detected C9-C14 PFCA levels in human blood and serum have also been seen
to increase or level out despite a decreasing time trend for the use of C9-C14 PFCA in
manufacture and production. Increasing time trends have also been observed in human breast
milk (see Appendix I for details). One explanation for this may be their persistent and
bioaccumulating properties.

To date only indications of serious human health risks are documented, but since these
substances persist and accumulate in humans and wildlife, releases are not reversible. It may
thus be possible that serious health concerns related to C9-C14-PFCAs-exposure may be
documented in the future. Thus, it is important that releases are reduced to a minimum and
possible future uses of the substances are prevented.

No monetary valuation of human health impacts has been possible since clear cause and
effect relationship between C9-C14 PFCA levels and different health impacts have not been
concluded.
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2.4.2.2. Environmental impacts

Several studies indicate an increasing time trend for C9-C14 PFCAs in the environment,
from 1980 until 2010, when the increase seem to level out in some studies (see Annex
B.4.2.5 for details). Increasing levels have been seen in both migratory birds, marine fish
and their predators as well as in terrestrial mammals. This indicates that C9-C14 PFCAs are
spread worldwide over several types of ecosystems and that increasing or non-decreasing
trends of concentrations are observed at different levels of these ecosystems. At the same
time releases into the environment from imported articles as well as from (unintended)
production and manufacturing of C9-C14 PFCAs has been seen to decrease, at least in the
EU and Northern America.

The discrepancy between the observed trends in nature (and humans) and the reduced
release into the environment from (unintentional) production and manufacture may be
explained by the extreme persistence and bioaccumulation of C9-C14 PFCAs. The stockof the
substance in the environment is still increasing with each emission despite a decrease of the
flow of C9-C14 PFCA into the environment. Moreover, stockpiles of C9-C14 PFCAs, e.g. in
landfills continue to be a source of release of C9-C14 PFCAs which is difficult to capture.

The PBT and vPvB - properties of C9-C14 PFCAs (described in detail in Annex B.8) make it
important to decrease the releases into the environment even further by the implementation
of this restriction.

A monetary valuation of the potential decrease of C9-C14 PFCAs due to the implementation
of this restriction is not possible. Standard procedure for PBT and vPvB substances is to use
the reduced volumes as a proxy for the value of the reduction in terms of risk reduction. In
this case no clear definition of the volumes of C9-C14 PFCAs, which might be reduced has
been possible. Therefore no clear volume reduction is available to base the valuation on.

2.4.3. Other impacts, practicability and monitorability
2.4.3.1. Implementability and manageability

The proposed restriction is considered to represent an implementable option for the actors
involved within the timeframe of 18 months. As described in Annex E.2. it appears that the
necessary technology, techniques and alternatives are available and economically feasible.
The RMO is in line with the US-EPA Stewardship Program. Thus, many industry actors are
already preparing for using different substances and technologies from 2015 on.

2.4.3.2. Enforceability

Enforcement authorities can set up efficient supervision mechanisms to monitor industry’s
compliance with the proposed restriction. Although there are no standard analytical methods
to measure the content of C9-C14 PFCAs, their salts and related substances in articles and
mixtures yet available, those methods are being developed already for the restriction of PFOA
and related substances. The same methods can be applied for testing C9-C14 PFCAs and
related substances.

Given that methods exist, the absence of an EU standard analytical method is not considered
as a hindrance to the enforceability of the proposed restriction. Nevertheless, the
establishment of an EU standard method could make the routine implementation of these
tests easier, but it would also imply expenditure of time and money. At the same time the
efforts for the development of such a standardized method are minimized due to the fact that
there is already a standardized method (under development) for the very similar restriction
of PFOS.
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Sweden has already initiated the development of a new CEN standard within the Technical
committee TC248/WG26, “EC restricted substances in textiles” that specifies a test method
for detection and quantification of extractable long-chain perfluorinated and polyfluorinated
substances in textile articles that include long-chain per- and polyfluorinated compounds from
C7 - C14.

Articles and mixtures to be targeted by sampling for enforcement are listed in Annex A.2.4.

2.4.3.3. Monitorability

There are numerous analytical methods reported in the scientific literature to measure C9-
C14 PFCAs and some related substances in almost all environmental media, e.g. water, air,
biota, and in humans.

Furthermore, at least in Germany, there is a norm (DIN 38407-42) for analysing C9-C14
PFCAs (and other PFCAs and PFSAs) in water, sewage and sludge (Deutsches Institut flr
Normung e.V. (DIN), 2011). The method is applicable to concentrations higher than 0.01 pg
L't in water (0.025 pg L1 in treated sewage). Within that method unfiltered water samples
are spiked with mass-labelled internal standards and extracted with solid phase extraction.
The instrumental analysis should be performed with liquid-chromatography coupled to a
mass-spectrometer.

A possibility to measure C9-C14 PFCA-related substances without knowing every single
substance is the conversion of these substances to the corresponding acids and subsequent
analysis of C9-C14 PFCAs, for example in water samples. Oxidation can be performed with
hydroxyl radicals (Houtz and Sedlak, 2012). These can be produced in a water sample by
thermolysis of persulfate under basic pH conditions.

Besides the availability of analytical methods a sampling strategy is needed to monitor the
restriction. There are different possibilities:

- time trend monitoring
- monitoring of emissions

For both strategies it has to be kept in mind that C9-C14 PFCAs are persistent substances,
which will remain in the environment for ages even if releases to the environment are stopped
immediately. In addition there will be continuing releases from articles in use and from long-
range transport from non-EU-countries.

A time trend monitoring can be performed with samples from the environment, from animals
or from humans. Methods and instruments available in (environmental) specimen banks could
be used for such a monitoring. Reductions of releases of C9-C14 PFCAs and related substances
in the environment should result in decreasing C9-C14 PFCAs concentrations in such a trend
monitoring. It might be sufficient to measure C9-C14 PFCAs in such a trend monitoring,
because C9-C14 PFCAs related substance will be degraded to C9-C14 PFCAs in the
environment. Decreasing trends in releases will then not be directly measurable in
environmental samples, because time is needed for degradation. Furthermore, it has to be
kept in mind that release of C9-C14 PFCAs from environmental sinks, like sediment, might
bias time trend in some cases.

2.4.4. Proportionality

The restriction is proportionate. It has small costs (and benefits) due to the fact that only one
user of C9-C14 PFCAs has been identified, (in imported semiconductors). It nevertheless has
risk reducing properties which we argue outweigh the cost to society associated with the
implementation of this restriction (see section E.4.3.). It is thus anticipated that the cost-
benefit ratio is either unaffected, or slightly improved.
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3. Assumptions, uncertainties and sensitivities

For the data collection process a questionnaire has been sent out to 69 chemical companies,
downstream users and to relevant industrial interest organisations (see Annex G). For the
industrial organisations it is not known how many companies they contacted through their
networks, but it is believed that all relevant stakeholders have been contacted either directly
through the questionnaire or through targeted interviews conducted in the data collection
process. It is therefore assumed that all possible actions with regard to proportionally have
been made.

The response rate to published questionnaire was very low. Companies were invited to an
expert meeting at the German competent authority, but from 19 invited companies, only five
responded to the invitation and three took part in the meeting. Telephone interviews were
done from March to April 2017. Altogether 69 companies were consulted from various
branches (especially, textile, paper, furniture, fire-fighting, paints, building sector). Although
the Dossier Submitter tried its best to receive information on uses etc. it is possible that
certain branches were not consulted and thus it is possible that intentional uses may exist
within the EU. However, we assume that those uses would be rather small scale uses for
specific applications.

The data retrieved from the Swedish Product Register is in part made up from the imports of
substances to Sweden. As described in Annex A.1 and A.2 these data show a sharp downward
trend and indicate a total phase out for several applications such as textile and paper
treatment. Most applications for which a use was reported in 2015 also contain PFOA. It is
believed that most of these uses will be affected and disappear once the PFOA restriction
becomes binding. It has however not been possible to verify this with certainty. It has not
been possible to verify how well this data from the Swedish Product Register represents the
trend for the rest of EU.

The restriction on PFOA, PFOA-related substances and its salts will become binding in 2020
with the exception of certain derogations. C8-chemistry represents the preferred choice of
chain length for almost all fluorinated applications due to its superior properties with regard
to quality and cost. A large part of the industry has already substituted C8-based chemicals
towards C6-technology or fluorine free alternatives. It is believed that the vast majority (if
not all) of the remaining companies using C8-chemistry will substitute to C6 or fluorine free
alternatives. There is however the possibility that some of the users of C8 chemistry may use
C9-C14 PFCAs and related substances after the PFOA restriction becomes binding.

An example of this are some small-volume uses of C9-C14 PFCA related substances, which
have been identified through the Swedish Product Register (too small volumes to be
registered in REACH). It is in the SEA assumed that these volumes in large are by-products
(impurities) and complements to the use of C8-chemistry. We do however believe that there
is a small but positive probability that these volumes can become second best substitutes to
PFOA and that a substitution process could take place once the PFOA restriction becomes
binding. It is however not possible to say with any certainty how large this substitution can
become (if any).

It is nonetheless possible to exemplify what kind of volumes this substitution might lead to,
by doing a scenario analysis using the data from the PFOA dossier. This is here done using
textiles as an example. This is a simplified example where we assume that a possible
substitution scenario from C8 chemistry to C9-C14 occurs when five percent of the C8 textile
users choose to substitute to C9-C14 (the remaining 95 percent are assumed to substitute to
C6 chemistry or to fluorine free alternatives). Since we do not have a reference point in C9-
C14 substitution costs it is however not possible to quantify the magnitude of the cost that
could occurif it is not possible to substitute from C8 to C9-C14 due to this restriction on C9-
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C14. It is however possible to illustrate with a scenario case from the PFOA dossier. If textile
industry are (economic) rational they will only substitute from C8 to C9-C14 (rather than C6
chemistry or fluorinate free) if the benefit from that substitution is positive. Thus the cost of
substitution for not being able to substitute from C8 to C9-C14 is always less than the worst
case of substitution cost from the PFOA dossier (under the assumption of economic
rationality). The worst case of cost in EUR per kilo of substitution for textile for C8 to C6
chemistry or fluorinate free is EUR 35/kg. Thus we can argue that the cost of not being able
to substitute to C9-C14 from C8 is always less than 35 EUR/kg if the industry act rational. In
table 3-1 below the volumes are exemplified if five percent of the C8 textile industry (post
2015 central estimate values) chooses to substitute to C9-C14. A similar argument can be
made for all other uses of C8. Included in this table is therefore also an example with the
total (post 2015, central estimate) volumes for C8 and the corresponding volumes for a five
percent substitution scenario towards C9-C14 for all PFOA usage.

Table 3- 1: Estimated use of C8-chemistry for textile treatment

C8 volumes for, central | Worst case scenario, 5% of
estimate ton/year (post | C8 volumes substitutes to
2015). C9-C14, ton/year (post
2015).

Textile treatments in | 300 15

the EU.

Imports of textiles. 1500 75

Total C8 tonnage. 1900 95

It is at the moment not possible to assess if second best substitution from C8 to C9-C14
might occur once the C8 restriction becomes binding. It can however be argued in a similar
way, as is done in the example above for textiles that substitution to C9-C14 for other
application areas will always be more cost effective than the worst case from the PFOA
dossier. This holds if the industry are acting rational and only substitutes if there is a net
benefit to be made from that substitution. The cost measured in EUR/kg will however differ
depending on the application area. For a total overview of all of these cost measures we
refer to the PFOA restriction dossier.

We also regard imports as a source of uncertainty, since we do not know with certainty to
what degree C9-C14 PFCAs are included in imported articles (see chapter E.4.5.2).

4. Conclusion

C9-C14 PFCAs are substances of very high concern based on their PBT/vPvB properties. C9-
C14 PFCAs related substances can degrade to the extreme persistent C9-C14 PFCAs. Thus
they need to be considered as PBT/vPvB substances as well.

C9-C14 PFCAs, their salts and C9-C14 PFCA related substances do not occur naturally.
However, they are ubiquitously present in the environment, also in remote areas, because
they can be transported over long distances via water and air. This results in findings in rivers,
oceans, drinking water, the atmosphere and biota. Moreover, C9-C14 PFCAs are present in
human blood of the general population. Human exposure takes place via the environment,
e.g. consumption of drinking water and food, or from emissions from articles and mixtures,
e.g. via uptake of contaminated indoor dust. Numerous direct and indirect sources of C9-C14
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PFCAs, their salts and C9-C14 PFCA related substances contribute to the overall
environmental emissions of C9-C14 PFCAs.

Temporal trend studies for human blood show that the concentrations of C9-C14 PFCA have
been increasing since the 1980s until approximately 2010 when the increase seems to level
out or slightly decrease. The situation for environmental species is similar, although there are
some studies where a decrease of the C9-C14 PFCA levels was not found yet. Hence, there is
a high potential that ongoing releases of these substances into the environment will result in
long-term human and environmental exposure to C9-C14 PFCAs.

Due to the extreme persistency of the substances, degradation under environmental
conditions is not expected. Thus, every emission contributes to the environmental stock of
the substances.

Interestingly, C9-C14 PFCAs, their salts and related substances are not used intentionally
within the EU, according to the results of the stakeholder consultation. Since 2002, there is a
trend amongst manufacturers in the USA, Canada, Europe and Japan to replace long-chain
PFCAs, PFSAs and their potential precursors with chemicals containing shorter perfluoroalkyl
chains or with non-perfluoroalkyl products. This decreasing use-trend for C9-C14 PFCAs, their
salts and related substances is observed as well considering data obtained from the Swedish
Products Register. Moreover, registrants inactivated REACH registration dossiers for long-
chain PFCAs, including C9-C14 PFCAs and related substances in 2017. However, there are
indications that imported articles may still contain the substances.

C9-C14 PFCAs, their salts and related substances occur as unintended fraction during the
manufacturing of per- and polyfluorinated substances containing a carbon chain of less than
nine carbon atoms, such as C8- and C6-based chemistries. This use may still occur outside
the EU. Furthermore, it is possible that after the enforcement of the PFOA restriction in 2020,
C9-C14 PFCAs and related substances may be used as second best option for certain uses.
Thus, an EU-wide restriction seems reasonable to prevent those future uses and prevent
increasing releases into the environment.

National regulatory actions will not adequately manage the risks of C9-C14 PFCAs and
related substances. An EU wide restriction would create a more level playing field amongst
companies operating on the EU market. A restriction on C9-C14 PFCAs, their salts and
related precursors is the most appropriate way to limit the risks for human health and the
environment on an EU level. Additionally, the proposed restriction is in-line with the US-EPA
stewardship program and the restriction of long-chain per- and polyfluorinated substances
in Canada. Moreover, a restriction within the EU may be the first step for global action.

Based on the information provided, it is concluded the following thresholds are feasible for
mixtures and articles placed on the market:

- 25 ppb for the sum of C9-C14 PFCAs and their salts
- 260 ppb for the sum of C9-C14 PFCA related substances

A derogation for manufacturing C6-based chemistries should be considered to allow the
manufacturing of these substances within the EU. Additionally a derogation for transported
isolated intermediates should be granted to enable the processing of C6-based chemistries
within the EU.

Semiconductors imported into the EU may contain C9-C14 PFCAs. The dossier submitter
awaits additional information from the affecteded company to determine whether an extended
transitional period for semiconductors is required.

Analytical methods to enforce the restriction and to monitor the effect are under
development. The same methods could be used for the enforcement of the PFOA-restriction.
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The costs for industry and enforcement agencies were assessed to be negligible. A
transitional period of even less than 18 months seems to be manageable.
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Annexes

Annex A: Manufactureand uses

A.1. Manufacture, import and export

A.1.1 REACH-Registrations

There are no registration dossiers for the single substances C9-C14-PFCAs.

One REACH registrant registered multi-constituent substances including C9-C14 PFCAs as
shown in Table A.1- 1. During the stakeholder consultation the registrant explained that the
C9-C14 PFCA their salts and related substances have never been manufactured intentionally,
but occurred as unintended chemical by-product during the manufacturing of the C8-
chemistry. The registrant manufactured and used three of the registered substances (see
Table A.1- 1) until December 2015. In June 2017, the registrant deactivated these
registrations because the registrant moved from manufacturing PFOA and related substances
(so-called C8-chemistry) to short chain alternatives consisting of six perfluorinated carbon
atoms, the C6-chemistry.

Thus, to date no active registrations of C9-C14 PFCAs exist under REACH, therefore
manufacture, import and export of these substances by companies in amounts

above 1 t/a is not to be expected.

Table A.1- 1: Uses and tonnage bands of registered substances (source ECHA, 02.04.2017). The
registrant switched from C8 manufacture to C6 based products.

CAS Name Tonnage | Uses Remarks
band
85631-54- | 2-propenoic 100- -Manufacture of Manufacturing and use
5 acid, y-w- 1000t/a another substance | ceased in December 2015
perfluoro-C8- (use of Registrant deactivated
14-alkyl esters intermediates). registration in June 2017
- Manufacture of
chemicals.
- Manufacturing of
thermoplastics
68391-08- | Alcohols, C8- < 1000 -Manufacture of Manufacturing and use
2 14, y-w- t/a another substance | ceased in December 2015
perfluoro (use of Registrant deactivated
intermediates) registration in June 2017
Manufacture of
chemicals.
85995-91- | Alkyl iodides, > 1000 -Manufacture of Manufacturing and use
1 C8-14, y-w- t/a another substance | ceased in December 2015
perfluoro (use of Registrant deactivated
intermediates). registration in June 2017
90622-71- | Alkyl iodides, -manufacture of Changes in registration
2 C6-18, another substance | planned, due to shift from
perfluoro (use of C8 to C6 manufacturing
intermediates)
CAS -, EC | Akyl diester Conf. Conf. Changes in registration
423-180-6 | (mixture) planned, due to shift from
C6/C8/C10 C8 to C6 manufacturing
perfluorinated
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The following additional information is available:
- About two hundred C9-C14 PFCA related substances are found on the pre-registration list.

- C9-PFCAis on the list of pre-registered substances with a registration date of 30/11/2010.
Also 132 of the 152 substances that may degrade into C9-PFCA were pre-registered
(Posner et al., 2009).

- C10-PFCA was planned for registration on 30/11/2010 (three pre-registrations at >1000
tonnes/year), 31/05/2013 (two pre-registrations 100-1000 tonnes/year), and
31/05/2018 (three pre-registrations at 10-100 tonnes/year, and 11 pre-registrations at
1-10 tonnes/year).

- Ammonium nonadecafluorodecanoate (Ammonium salt of C10-PFCA) is pre-registered
with an envisaged registration deadline on 31/05/2013.

It may be possible that some of these substances will be registered during the last registration
period in 2018.

Unintentional manufacturing of C9-C14 PFCAs and related substances

Perfluoroalkyl substances are in general manufactured via electrochemical fluorination or
telomerisation (Buck et al., 2011). Both odd- and even-numbered PFCAs may be prepared
from either process.

The raw material to manufacture perfluorinated chemicals via the telomerisation process is
trifluoroethylene gas and iodine. The telomerisation process results in fluorotelomer iodide
fractions (FTI). The telomere iodide fractions are separated by distillation into a C8/long-chain
side fraction (approx. 20%) and a C6 iodide fraction (approx. 80 %). The C6 iodide fraction
is further processed to C6 ethyl iodide, C6 fluorotelomer alcohol (FTOH) and the C6 monomers
(i.e. fluorotelomer acrylate or methacrylate esters). These C6 monomers are the basis for
polymerization reactions to manufacture mixtures containing C6 based polymers, which are
than further used and processed by downstream users. These fractions still contain impurities
of longer chain PFCAs, thus C9-C14 PFCAs occur as impurities in C6- based chemistries.
According to (Prevedouros et al., 2006) during every step in production residues from the
previous step remain. For example:

- 2% or less residual fluorotelomer iodide remains unreacted after the transformation from
FTIto the fluorotelomer alcohol (FTOH) (Prevedouros et al., 2006). Additionally, 2-5 wt %
by product fluorotelomer olefin (FTO) is formed, depending on the method used.

- The reaction of fluorotelomer alcohol to make fluorotelomer acrylate or methacrylate esters
leaves 0.1-0.5 wt % unreacted residual FTOH.

- Alternatively, acrylate monomers can be manufactured by a reaction of fluorotelomer

iodide and acrylic acid salt to form acrylate monomer resulting in 3-8 wt % FTO by-product

Moreover, longer chain fluorinated substances occur as impurities in all process steps (van
der Putte et al., 2010) (Stakeholder consultation). Thus, C9-C14 PFCAs are manufactured
unintentionally during the manufacturing of perfluorinated substances containing a carbon
chain of less than nine carbon atoms. In the C6 production lines, the concentrations of these
impurities are lower compared with the data provided in the current registration CAS 90622-
71-2. The registrant will therefore update this registration (see Table below).

Table A.1- 2:Estimated (unintentional) concentrations of C9-C14 PFCAs, their salts and related
substances during manufacturing of other substances.
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Process Content of C9- Content of C9- | Remarks Ref.
C14 PFCAs and | C14 PFCA
their salts related
substances
Manufacturing C8 and C8 related substances
Manufacturing of 0.21 % Ceased Prevedouros
APFO (C8-PFCA within the EU | et al. 2006
salts)
Manufacturing of 20-45 % Ceased Stakeholder
PFOA related within the EU | information
substances (C8- in 2015
PFCA related
substances)
Manufacturing of C6 related substances
In the C8 fraction up to 30 % This fraction | Stakeholder
is separated information
and reworked
In the C6-fraction Low ppm range | Transported Stakeholder
isolated information
intermediates
Up to 25 ppb Up to 260 ppb Mixtures sold | Stakeholder
to industry information

Conclusion: To date there is no active registration under REACH for C9-C14 PFCAs, their
salts and related substances. The substances are however, still manufactured as unintended
side fractions during the manufacturing of per- and polyfluorinated chemicals based on a C6-
based chemistries . Pre-registrations exist for a number of C9-C14 PFCAs, their salts and
related substances. It may be possible that these substances will be registered during the last
registration period in 2018.

A.1.2 Global manufacturing

The production of APFN - the ammonium salt of C9-PFCA - is believed to have started in
about 1975. Prevedouros et al. estimated the total global production of C9-PFCA and its
ammonium salt between 1975 and 2004 of 800 to 2300 t (Prevedouros et al., 2006). The
estimated global annual production of C9-PFCA ammonium salt (APFN) in 2004 was between
15 and 75 tonnes (PERFORCE, 2004; Posner et al., 2009). Wang and co-workers estimated
use rates of APFN during the period from 2011 to 2015 in the range from 17 to 107 t/a
worldwide. The main use of APFN is manufacturing of polyvinylidene fluoride (PVDF), see
Annex A.2 for further details. The authors consider that companies committed to the US-EPA
Stewardship Program will have ceased the manufacturing of APFN and thus manufacturing
volumes will decline (Wang et al., 2014) see table below.

Table A.1- 3: Estimated global manufacturing volumes of APFN, the ammonium salt of C9-PFCA.

Time period Globally manufactured | Reference

APFN (estimates) [t]
1975-2004 800-2300 (Prevedouros et al., 2006)
2004 15-75 (Posner et al., 2009)
2003-2005 11-99 (Wang et al., 2014)
2006-2010 13-105
2011-2015 17-107
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According to Prevedouros et al., (2006) and Wang et al, (2014) ammonium
perfluorononanoate (APFN) has been manufactured primarily in Japan by oxidation of a
mixture of linear fluorotelomer olefins (FTOs) to the corresponding odd numbered PFCAs.
Another possibility to manufacture APFN is fluorotelomer iodide carboxylation.

According to Wang et al., 2014 commercial C9-PFCA-based products are typically a mixture
of the ammonium salts of C9-PFCA and other PFCA homologues. The product Surflon S-111
(CAS 72968-38-8) contains besides C9-PFCA, C-11-PFCA and C13-PFCA accounting for 20
and 5 percent of the mixture, respectively.

Although only limited data on manufacturing volumes for C9-C14 PFCAs, their salts and
related substances are available, a number of classes are available on the world market (see
Table below).

Table A.1- 4: Chemical classes for C9-C14 PFCA precursors found on the world market (ordered in
decreasing number of PFASS)

Number Chemical fluoro class
of C9-C14
PFASs
127 Fluorinated (meth)acrylate polymers
93 poly/perfluorinated PHOSPHOORGANICS
52 poly/perfluorinated ALKYL substances—notyet categorised
35 poly/perfluorinated ALKOHOLS
34 poly/perfluorinated IODIDES
28 poly/perfluorinated (METH)ACRYLATES
20 poly/perfluorinated ESTERS
15 poly/perfluorinated ALKANOYL/SULFONYL CHLORIDE or FLUORIDES
15 poly/perfluorinated SILOXANES/SILICONES/SILANES/SILICATES
12 Fluorinated urethanes polymers
12 Polyfluorosiloxanes and silicones polymers
10 poly/perfluorinated AMINES
9 poly/perfluorinated SULFONAMIDES
9 poly/perfluorinated AMMONIUM ORGANICS
8 poly/perfluorinated TIOLS
7 poly/perfluorinated OXIRANES
6 poly/perfluorinated POLYMERS — not yet categorised
6 Semifluorinated alkanes/alkenes
5 poly/perfluorinated SULFONIC/SULFINIC ACIDS
4 poly/perfluorinated ETHERS
4 poly/perfluorinated AMIDES
2 poly/perfluorinated ORGANICS—Other
2 poly/perfluorinated URETHANES
1 poly/perfluorinated ETHOXYLATES

Conclusion: Only limited data are available for the global manufacturing of C9-C14 PFCAs.
The global manufacturing volume of C9-PFCA ammonium salt was estimated to increase until

59



ANNEX XV RESTRICTION REPORT - Co-Ci4 PFCAs -including their salts and precursors-

2015 to a maximum volume of 107 t. After 2016 the manufacturing volumes are expected to
decline to zero, due to the results of the US-EPA Stewardship-Program. At least one company
in Japan manufactured C9-PFCA ammonium salt. Products available on the global market i.e.
Surflon S-111 (CAS 72968-38-8) contain a mixture of long-chain PFCAs, such as C9-PFCA, C-
11-PFCA and C13-PFCA.

Data on manufacturing volumes for C9-C14 PFCA related substances are not available, but a
number of substances seem to be available on the world market.

A.2. Uses

A.2.1 Overview on uses

During the consultation, (see Annex G for further information) no current
intentional use was reported by industry in Europe. This means, all the uses
described below seem to be historical uses.

There is no active registration under REACH for C9-Cl14 PFCAs their salts and related
substances, as shown in Annex A.1. According the stakeholders consultation intentional uses
of the substances were not reported by the consulted industries. Stakeholders also stated
that the substances were not used intentionally in Europe in the past but rather occurred as
unintended impurity in per- and polyfluorinated chemicals containing a carbon chain of less
than nine carbon atoms. One stakeholder reported the use of the substances as analytical
standard in the laboratory and for research and development purposes (gram to kg
quantities). One stakeholder reported that it could not rule out for sure the use of the
substances by suppliers outside the EU. One company reported the use of C9-C14 PFCA in
semiconductors which are imported in articles into the EU. The volumes of the substances
used is in the low kg range. The company reported to use an alternative from 2019 on. Thus,
it may be possible that C9-C14-PFCA related substances are still imported in articles into the
EU.

A.2.2 Manufacturing of fluoropolymers

The ammonium salt of C9-PFCA (APFN) has been used for fluoropolymer and
fluoroelastomer production, e.g. polyvinylidene fluoride - PVDF since the 1970’s (van der
Putte et al., 2010). However, during the stakeholder consultation, no company reported the
manufacturing nor the use of the ammonium salt of C9-PFCA. Thus, it can be assumed that
the ammonium salt of C9-PFCA is currently not used within the EU for the manufacturing of
fluoropolymers.

The ammonium salt of C9-PFCA has been manufactured and used at least by one
manufacturer in Japan but it is believed that the use has been ceased due to the US-EPA
Stewardship Program. Some estimated manufacturing volumes of PVDF are available in the
literature and summarised in the following table:

Table A.2- 1: Estimated global manufacturing volumes of PVDF

Time period Globally manufactured | Reference
PVDF (estimates)
2003-2005 15 - 26.5 kt (Wang et al., 2014)
2006-2010 17.5 - 28 kt
2011-2015 22.5 - 28.5 kt
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C9-PFCA ammonium salt acts to solubilize fluorinated monomers to facilitate their aqueous
polymerisation (Prevedouros et al., 2006).

C9-PFCA is the primary constituent of Surflon S-111 (CAS # 72968-38-8), a commercial
mixture of linear perfluorinated carboxylic acids in ammonium salt form. It is commonly used
as a polymerization aid in the production of fluoropolymers. According to van der Putte et al.,
2010 this substance was imported in quantities of < 5 t/a during 2004 and 2008. This
substance is not registered under REACH. The substance was pre-registered with an
envisaged registration deadline 30/11/2010.

Worldwide, 41 000 t of PVDF have been used in 2015 (Kramer and Schlipf, 2016). This amount
corresponds to 15 % of the world market of fluoropolymers. PVDF is the most important
representative of the fluorothermoplastics. According to the study, PVDF represents the
fastest growing fluoropolymer worldwide. For Europe, an annual growth of 3.0 % is predicted
for fluorothermoplastics until 2020. It is used in more and more applications in automotive
and aviation sectors. Another study predicts a 5.1% growth of PVDF demand in Europe until
2022 and concludes on a worldwide annual growth rate of 9.2% (2016 - 2022) (ReportLinker,
2016).

According to the global PVDF industry 2016 market research report the increasing demand
for semiconductors, wire and cable insulation and artificial membrane in biomedical science
will increase the demand for PVDF in the future. The study predicts a worldwide increase from
1,234 kt in 2014 to 1,952 kt in 2020 (Market Research Store, 2016). In 2014, chemical
processing industry accounted for 35% share in the PVDF market. Construction and new
energies application segments are being the fastest growing application segments due to high
saturation in all the regions. The oil and gas industries are expected to show rapid growth in
the future.

The study states that North America (followed by Asia-Pacific and Europe) was the leading
region for PVDF market in 2014. China was the leading country in the consumption of PVDF.
India and Japan are leading the Asia-Pacific PVDF market. Some of the key participants in the
global polytetrafluoroethylene market include Solvay S.A., Arkema, Daikin Industries Ltd,
Kureha Corporation, Dyneon GmbH, Shanghai 3F New Materials, Company Ltd, Zhuzhou
Hongda Polymer Co. Ltd, Quadrant Engineering Plastics Products Inc, Zhejiang Fotech
International Co. Ltd.and Shanghai Ofluorine Chemical Technology Co. ltd (Market Research
Store, 2016)

C9-PFCA is not an intended component of PVDF and is present only at trace levels (100-200
ppm) in the PVDF fluoropolymer that is produced and used in commercial and industrial
products (Prevedouros et al., 2006). According to information from the stakeholder
consultation, the consulted companies do not use C9-14-PFCA or any related substance for
manufacturing of PVDF in Europe. One company reported that the PVDF used is manufactured
without any emulsifier, thus no use of C9-PFCA ammonium salt is needed.

PVDF is mechanically stronger than perfluorinated polymers such as polytetrafluoroethylene
(PTFE). Similarly, it has higher abrasion resistance, and resistance to both creep under long-
term stress and fatigue during cyclic loading. PVDF has good thermal stability, resistance to
ultraviolet and higher energy radiation, and chemical resistance to most chemicals and
solvents.

As described in Annex A.1 and Annex A.2.1 uses of C9-C14 PFCAs and their salts were not
reported during the stakeholder consultation, thus, it can be assumed that PVDF
manufactured in Europe does not contain C9-C14 PFCAs and their salts. However, it is possible
that outside the EU fluoropolymers such as PVDF are still manufactured by using C9-PFCA
ammonium salt. Thus, imported goods may containing C9-PFCA ammonium salt as impurity.
According to Ebnessajjad (2013), PVDF is used in the following sectors:

— High-purity semiconductor market (low extractable values)
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- Pulp and paper industry (chemically resistant to halogens and acids)

- Nuclear waste processing (radiation and hot-acid resistant)

- General chemical processing industry (extreme chemical and temperature
applications)

- Water treatment membranes (industrial and potable water uses)

PVDF-resins can be fabricated into a wide range of components, e.g.:

- Pipes, fittings, and valves
- Pump assemblies

- Wire and cable insulation
- Sheet and stock shapes
- Films

- Tubing (flexible and rigid)
- Tanks and vessels

- Nozzles

- Membranes and filter housing
- Powder coatings

- Foams

- Polymer process aids

PVDF homopolymers and copolymers are used in the battery industry as binders for cathodes
and anodes in lithium-ion batteries, and as battery separators in lithium-ion polymer
batteries. PVDF powder coatings are applied to metals for corrosion resistance (Ebnesajjad,
2013). Ebnessajjad (2013)

PVDF films have been developed for use in the protection of back sheet and for front sheet

glazing. KYNAR® film provides superior solar transmittance and also has excellent dirt
shedding and fire-resistance properties(Ebnesajjad, 2013).

Other polymers:

Besides PVDF there are some other fluoro-copolymers used as membrane materials, such as
poly (vinylidene fluorideco-hexafluoropropylene) (P (VDF-HFP)), poly (vinylidene difluoride-
co-chlorotrifluoroethylene) (P (VDF-CTFE)), etc. P (VDF-HFP) can also be applied in the field
of rechargeable lithium-ion battery as a separator material because P (VDF-HFP), contains
more amorphous domains capable of trapping a large amount of liquid electrolytes. P(VDF-
CTFE) membranes are modified by grafting of poly(styrene sulfonic acid) or poly(ethylene
glycol) methyl ether methacrylate (PEGMA), which can be used for ultrafiltration membranes
or proton conducting membranes (Liu et al., 2011a).

Conclusion: No intentional uses of C9-C14 PFCAs, their salts and related substances were
reported during the stakeholder consultations. Thus, it can be assumed that manufacturing
and use has been ceased in Europe. One company reported the use of C9-C14 PFCA in
semiconductors which are imported in articles into the EU. One major (historical) use of the
C9-PFCA ammonium salt (APFN) has been the manufacturing of polyvinylidene fluoride
(PVDF). The global use of PVDF increases. However, as reported by industry, PVDF used in
Europe is manufactured without APFN. There are no recent information available for other
regions.
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A.2.3 Uses of C9-C14 PFCA related substances

Long-chain PFCA-related substances were used either as non-polymeric substances or as
part of side-chain fluorinated polymers, such as fluoroacrylate polymers (OECD, 2013;
van der Putte et al., 2010). The term long-chain PFCA does also include C8-PFCA (PFOA,
perfluorooctanoic acid). A differentiation relative to chain lengths is not reported. For
fluorotelomers, a term often used referring to substances produced with the telomerisation
process, it was reported that 80% are used in side-chain fluorinated polymers and 20% in
non-polymeric applications (Telomere Research Program Update, 2002) cited in (Ellis et al.,
2003).

US-EPA (U.S.EPA, 2009) reports that the world-wide production of fluorotelomers (no
separation of chain lengths) in 2006 was mainly used in:

- Textiles and apparel (50%) (largest share)
- Carpets and carpet care products (second largest share in consumer uses)

- Coatings, including those for paper products (third largest category of consumer
product uses)

It is not clear whether that listing is focused on consumer uses only or if industrial applications
are also considered.

According to the stakeholder consultation in 2017, the C9-C14 PFCA-related substances
occurred as side products in the final product. The main component was C8-related
substances, meaning structures with eight perfluorinated carbon atoms.

The use of C9-C14 PFCA-related substances has been analysed for a number of relevant uses
by means of the Swedish Chemical Product Register. This data concerns small volumes, which
do not require REACH registration. In part it is made up of imports (but it is hard to determine
to what degree, since it is not known to what degree imports (to Sweden) from another EU
country in turn has been imported from a non-EU country), either of articles or compounds
used in other articles. We have looked at time trends for the use of C9-C14 PFCA-related
substances in textile application, paint and paper. These are just used to exemplify time
trends and has not been aggregated to an EU level. For this analysis, the share of the PFCA-
related substance weight, which is made up of C9-C14 PFCA-related substances, has been
calculated. Depending on the PFCA, related substance the share that is C9-C14 PFCA has
varied between 68-80 percent of the total weight of the PFCA-related substance. The
remaining 20-32 percent is made up of other chain length, for example C8. An average of 73
percent has been used where data is lacking. This is a worst-case scenario and other chain
length than C9-C14 PFCA might be included in the calculated volume, since compounds with
no identified chain length has been assumed C9-C14. The substance weight, which is C9-C14
PFCAs is therefore upward biased in the diagrams. It should also be noted that the Swedish
Product Register is a rough-hewn data source. Double accounting can occur when data is
generated from the Swedish Product Register. This follows from the way data is entered into
the registry based on several different product characteristics. Therefore, this data and the
diagrams shown here should be seen as rough estimates and not as accurate to the point.
They indicate a rough trend, not be viewed as an exact time trend. Over all time series and
for all years and all applications it seems as if all entries contain C8 chemistry. Thus, the
information may in part support the stakeholder information that C9-C14 PFCAs, their salts
and related substances were not used intentionally in the past within the EU, and only occurs
as unintended impurities together with C8 chemistry. For imported goods there is however
not enough information to conclude that C9-C14 PFCAs, their salts and related substances
are only part of a C8 mixture as an impurity. It is therefore concluded that the possibility
exist that C9-C14 PFCAs are used intentionally in mixtures with C8 chemistry for imports.
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In the diagrams below, the lower blue line represents the share of the PFCA-related substance
weight, which have a chain length of C9-C14 and the upper red line represents the total
weight of the PFCA-related substance. For textile application the use of C9-14 PFCA-related
substances in Sweden reaches a peak in use in the year 2006 when 65 ton per year was used,
it then decreases until the year 2010 when 4 ton C9-14 PFCA-related substances was used
for textiles in Sweden. For 2015, (the latest available year) 8 ton per year is registered for
textile application in Sweden.
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Figure A.2- 1: C9-C14 PFCA related substances used in textiles in Sweden, where ton PF=the share of
the PFCA-related substance weight, which have a chain length of C9-C14 and ton PCU=the total
weight of the PFCA-related substance (Swedish Product Register).

A similar decreasing time trend is seen for the use of PFCA C9-C1l4-related substances for
paper in Sweden. For paper, the use of PFCA C9-C14 precursors in Sweden is showing a
decreasing time trend for 1995-2005, but with a large increase in 2007-2010. For 2011-2015
only small volumes is registered. This time trend is however, sensitive to single entries since
fewer entries are registered for paper compared to textile. See Figure A.2- 2, below.

64



ANNEX XV RESTRICTION REPORT - Cg-Ci4 PFCAs -including their salts and precursors-

C9-C14 PFCArelated substances usedin paperin Sweden (t)

16
14
12
10

Ton

o N b OO

e TONPF e ToNP Cu

Figure A.2- 2: C9-C14 PFCA related substances used in paper in Sweden, where ton PF= the share of
the PFCA-related substance weight, which have a chain length of C9-C14 and ton PCU= the total weight
of the PFCA-related substance (Swedish Product Register).

For the use of PFCA C9-C14 precursors in paint, an increasing time trend is exposed for 1995-
2011 (but with dips in the time trend in 2004 and 2009). After that, a sharp decrease is seen
in the use of PFCA C9-C14 precursors in paint during 2011-2015.
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Figure A.2- 3: C9-C14 PFCA related substances used in paints in Sweden, where ton PF= the share of
the PFCA-related substance weight, which have a chain length of C9-C14 and ton PCU= the total
weight of the PFCA-related substance (Swedish Product Register).
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Two stakeholders indicated that C9-C14 PFCAs, their salts and related substances are used
intentionally in sites outside the EU and thus, imported articles and mixtures may contain the
substances.

One stakeholder stated that small amounts (gram or kilogram quantities) of C9-C14 PFCAs
its salts and related substances (there was no clarification which substances) are used in labs
as analytical standards and for limited research and development purposes.

Conclusion: Only little information is available on the uses of C9-C14 PFCA related
substances. According to stakeholders consulted, these substances are only unintentional
impurities in per- and polyfluorinated substances containing a carbon chain of less than nine
carbon atoms and are not used intentionally within the EU. One stakeholder has reported an
active use for imported semiconductors or articles containing semicontoctors into the EU.. A
search in the Swedish Product Register seems to clarify that the use of C9-C14 PFCA related
substances is declining. The time trend examples from Sweden show that a substitution
process or phasing out has taken place for the use of PFCA C9-C14 related substances in
several important application areas. It is assumed that a similar substitution process has
taken place or is under way in the rest of the EU. During the stakeholder consultation the
PFOA restriction was reported as main driver to decrease the use of long-chain PFCAs
including C9-C14-PFCA related substances.

One stakeholder reported the use of the substances as analytical standard in the laboratory
and for research and development purposes (gram to kg quantities). Two stakeholder
reported that the substances are used outside the EU. Thus, it may be possible that
intentionally used C9-C14-PFCA related substances are still imported in articles into the EU.

A.2.4 Findingsin articles and mixtures

C9-C14 PFCAs their salts and related substances can occur as impurities in articles and
mixtures manufactured with:

- C4-chemistry
- C6-chemistry
- (C8-chemistry

Since manufacturing of PFOA and other C8-based substances in the EU has ceased, production
is still ongoing especially in China. Thus, imported articles and mixtures may still contain C9-
C14 PFCAs as impurities above the proposed threshold. According to van der Putte (2010) up
to 0.2 % C9-PFCA is present in PFOA (C8-PFCA) manufactured with the electrochemical
fluorination (ECF). C10-C14-PFCAs may be present up to 0.01% in PFOA manufactured with
ECF. Contaminations up to 0.01% C9-C14 PFCAs occur during PFOA manufacturing using the
perfluorooctyl iodide oxidation (also called telomerisation process). Each compound of the C9-
C13-PFCA can be present up to 0.01 % (van der Putte et al., 2010). Also for the manufacturing
of the C6-chemistry (and even C4) long-chain PFASs may be present as impurities (see Annex
A.1 for details).

In articles and mixtures treated with C6-chemistry C9- C14-PFCAs and related substances
can occur as impurities. According to information provided during the stakeholder
consultation, C9-C14 PFCA related substances are assumed in concentrations up to 260 ppb
in mixtures sold to industry. Thus in final articles and mixtures used by consumers the
concentrations of these impurities might be lower.
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In conclusion, the C9-C14 PFCA, their salts and related substances may be present as
impurities in all articles where other PFCAs containing a carbon chain of less than nine carbon
atoms have been used or in articles which have been imported into the EU and manufactured
with the C8-technology outside the EU. Examples are provided in the following chapters. It is
however not possible to retrace of C9-C14 PFCAs their salts and related substances were used
intentionally or unintentionally in the articles and mixtures.

A.2.4.1 Textile and leather

In a study on PFASs in consumer articles, textiles (jackets, shoes) were collected in Sweden
in 2015 and analysed for various PFASs including C9-C10 PFCA, 10:2 FTOH and 10:2 FTA
(Borg and Ivarsson, 2017). The result showed that one out of eight textile samples contained
C9-PFCA and C10-PFCA at 0.45 pg/kg and 2.7 pg/kg, respectively. 10:2 FTOH and 10:2 FTA
was not detectedin any product. PFOA was detected at 6.6 pg/kg in the same product. The
study also included analysis of total organic fluorine (TOF) content. The comparisons between
the sums of detected PFASs to the TOF concentrations showed that for most samples the
analysed PFAS constituted only a very minor part of the TOF. One likely explanation is that
many of the individual PFASs measured represent degradation products of PFAS related
substances (e.g. C9-C14 PFCA related substances). This indicates that the content of C9-C14
PFCA related substances could be higher than regular studies show.

Gremmel etal., 2016 determined PFCAs in all Durable Water Repellent (DWR) jackets tested.
Altogether 16 jackets were purchased in Germany - manufactured outside the EU - (15
outdoor jackets and one working jacket) in the period from August 2011 to March 2012
(Gremmel et al., 2016). One jacket was not treated with PFASs and declared as PFASs-free.
From the PFASs analysed, only PFOA and C14-PFCA were found in this jacket in amounts of
0.02 and 0.01 pg/m2. In all other jackets, C9-C14 PFCAs and related substances were found.
Only one representative of the C9-C14 PFCA related substances, 10:2 FTOH was tested and
found in all jackets (except the PFAS-free one) in higher concentrations compared with the
C9-C14 PFCAs concentrations of the same sample (see table below).

Table A.2- 2 C9-C14-PFCAs and relating substances analysed in Durable Water Repellent jackets
(Gremmel et al., 2016).

Substance Detected in no of | Range in pg/m?2 Range in pg/kg
jackets (>LOQ)

C9-PFCA 15 (~94%) 0.02- 27.7 0.14 - 62.9
C10-PFCA 13 (~81%) 0.07 - 85.3 0.42 - 194
C11-PFCA 3 (~20%) 0.36-20.3 2.37 - 46.1
C12-PFCA 6 (~38%) 0.13- 80.9 0.47 - 184
C13-PFCA 4 (~25%) 0.03- 3.7 0.13 - 8.4
C14-PFCA 7 (~44%) 0.01 - 20.5 0.12 - 46.5

10:2 FTOH 15 (~94%) 1.34 - 182 6.57 - 1191

A German study from 2012 looked at various perfluorinated substances in work wear for
medics, pilots and firemen which protect against cold, rain and fire (Zangl et al., 2012). C9-
PFCA and C10-PFCA were detected in a number of analysed garments.

Kotthoff et al., 2015 analysed C9-C14-PFCAs and 10:2 FTOH as an example for the C9-14-
PFCA- related substances in outdoor textiles (n=5), carpets (n= 14), gloves (n=3) and awning
cloth (n=1) (Kotthoff et al., 2015). Articles were bought from German retailers in 2010. The
results of the analysis are shown in the Figure below.
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Figure A.2- 4: C9-14-PFCAs in textile and leather samples (Kotthoff et al., 2015)

A.2.4.2 Paper and food-packaging

Kotthoff et al., (2015) found C9-C14-PFCAs and related substances in paper-based food
contact material. The 33 samples were purchased in 2010. Median values are available for
C9-, C10-, C12-, C14- PFCA of 0.5, 2.5, 2.0, and 1.3 mg/kg, respectively. 10:2 FTOH was
found in 86% of the samples with a median value of 4.3 ug/kg (Kotthoff et al., 2015).
Information from the Swedish Product Register, the IUCLID database and various inventory
lists shows that on the global paper industry market there were a large number of
polymers/polymer raw materials, mainly polyfluorinated/perfluorinated (meth)acryl polymers
and monomers. Other major substance groups are poly/perfluorinated alkyl phosphorus
compounds and polyfluorinated/perfluorinated (meth)acrylate (Swedish Chemicals Agency,
2015b).

Swedish Chemicals Agency states in its report form 2015 that nowadays side chain fluorinated
polymers based on short-chain fluorotelomers are used. In a study on PFASs in consumer
articles, paper- and food packaging (four microwave popcorn bags, one cupcake form) were
collected in Sweden in 2016 and analysed for various PFASs including C9-C10 PFCA, 10:2
FTOH and 10:2 FTA (Borg and Ivarsson, 2017). The result showed that one popcorn bag
contained C10-PFCA at 0.144 ug/kg. 10:2 FTOH and 10:2 FTA was not detected in any
product.

In a study on PFASs in consumer articles, paper- and food packaging were collected in Norway
in 2014 and analysed for various PFASs including C9-C14 PFCA ((Blom and Hanssen, 2015)
Table A.2- 3). The result showed that one sandwich paper contained C9-C14 PFCA at levels
above LOD, ranging from 0.063 pg/m? to 0.697 ug/m?.

Table A.2- 3: PFCA concentrations in samples of paper- and food packaging collected in Norway in
2014 (modified from (Blom and Hanssen, 2015)).

ID | Article PFCAs (pg/m?2)
C8 C9 C10 C11 C12 C13 C14
Baking paper 1 < LOD < LOD < LOD < LOD < LOD < LOD | < LOD
4 Baking paper 2 < LOD < LOD < LOD < LOD < LOD < LOD | < LOD
Sandwich paper 1,22 0,083 0,697 0,071 0,647 0,063 | 0,300
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6 Cupcake forms < LOD | < LOD < LOD < LOD < LOD < LOD | < LOD
7A Popcorn paper 1 < LOD < LOD < LOD < LOD < LOD < LOD | < LOD
7B Popcorn paper 2 < LOD < LOD < LOD < LOD < LOD < LOD | < LOD
22 Non-stick silicon | < LOD | < LOD < LOD < LOD < LOD < LOD | < LOD

baking ware 1

23 Non-stick silicon | < LOD < LOD < LOD < LOD < LOD < LOD | < LOD

baking ware 2

24 Non-stick cupcake | < LOD < LOD < LOD < LOD < LOD < LOD | < LOD

baking ware, 1

25 Non-stick cupcake | < LOD < LOD < LOD < LOD < LOD < LOD | < LOD

baking ware 2

26 Reusable baking | < LOD < LOD < LOD < LOD < LOD < LOD | < LOD

liner 1

27 Reusable baking | 0,268 < LOD <LOD |<LOD |< LOD < LOD | < LOD

liner 2

A.2.4.3 Impregnation agents

In a study on PFASs in consumer articles, impregnation agents for shoes, textiles and leather
were collected in Sweden in 2016 and analysed for various PFASs including C9-C10 PFCA,
10:2 FTOH and 10:2 FTA (Borg and Ivarsson, 2017). The result showed that 1 out of 5
impregnating agents contained C10-PFCA at 0.447 pg/kg. 10:2 FTOH and 10:2 FTA was not
detected in any product.

In a study on PFASs in consumer articles, impregnation agents for shoes and textiles were
collected in Norway in 2014 and analysed for various PFASs including C9-C14 PFCA (Blom and
Hanssen, 2015). None of the four tested impregnating agents contained C9-C14 PFCA.

There are a number of additional studies which show the content of various highly fluorinated
substances in impregnating agents for textiles (Ye et al. 2014, Kotthoff et al. 2015, Liu 2014,
Herzke et al. 2012, Fielder et al. 2010, Schulze and Norin 2007). 10:2 FTOH was detectedin
impregnation sprays (n = 16) with median values of 70,500 pg/kg. C9-C14-PFCAs were found
in all samples with median values ranging from 0.5 to 8.1 ug/kg. The samples were purchased
in 2010 (Kotthoff et al., 2015).

A.2.4.4 Firefighting foam

PFAS-containing firefighting foams are usually used to extinguish liquid fires (class B), such
as large storage tank fires and aircraft crashes.

According to the Nordon report (2013) mixtures of C8-C20 -y-w-perfluorotelomer thiols with
acrylamide (CAS number 70969-47-0) were used in the most common fluorosurfactants in
use in firefighting foams since the discontinuation of the PFOS based surfactants. According
to the industry most of the manufacturers committed to continuing use of this chemistry until
2016 (Posner et al., 2013).

Recently, Dauchy and co-workers analysed nine different firefighting foam concentrates
manufactured after 2002 by four different manufacturers (Dauchy et al., 2017). A number of
PFAS were analysed, among them also C9-C13-PFCAs. The substances actually used in
firefighting foams are unknown. Many related substances are difficult to analyse. Therefore,
to mirror the presence of precursor-substances in firefighting foams, the authors oxidised the
samples to transform the related substances into the end-stage products. Main degradation
products were found to be short-chain PFAS, but C9-PFCA was found as well. The data indicate
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that C9-PFCA related substances are present in firefighting foam concentrates, however the
concentrations were lower compared with other substances. Similar results were reported in
an earlier study by Houtz et al. (Houtz et al., 2013). Thus, C9-PFCA related substances may
not be used as active ingredients, but rather occur as impurities. Most probably, these
substances are unintended by-products generated during the manufacture of polyfluorinated
substances containing a carbon chain of less than nine carbon atoms as reported during the
stakeholder consultation.

In a chemical analysis of PFASs in selected fire-fighting foams on the Swedish market 2014,
C9-C14 PFCA were detectedin some of the sampled fire-fighting foams (Swedish Chemicals
Agency, 2015a). However, the levels were significantly lower than e.g. C6-PFCA (C6-PFCA
precursors are intentionally used) and likely represent impurities.

Table Table A.2-4: PFCA (ug/kg) in samples of fire-fighting foams on the Swedish market 2015. From
(Swedish Chemicals Agency, 2015a).

C4 C5 (of ] C7 Cc8 c9 Cc10 C11 Ci2 Ci3 Ci4
Product | PFBA | PFPeA | PFHxA | PFHpA [ PFOA |PFNA | PFDA |PFUNnDA | PFDoDA | PFTrDA | PFTDA
OneSeven
B-AR 1485 1122 512 131 3 <1 <1 <1 <1 <1 <1
ARC Miljo 546 108 1074 20 <1 <1 <1 <1 <1 <1 <1
Towalex
plus <1 78 1481 23 70 7 26 <1 <1 <1 <1
Towalex
3x3 1008 551 9770 134 239 20 63 <1 <1 <1 <1
Towalex
3% super <1 <1 84 <1 <1 <1 <1 <1 <1 <1 <1
Towalex
3%
master 1142 620 | 10352 149 344 21 79 8 26 <1 <1
Sthamex
AFFF-P
3% 83 17 83 <1 <5 <5 <1 <1 <1 <1 <1

A.2.4.5 Cosmetics

Fujii et al. 2013 reported the use of highly fluorinated substances in various cosmetic and
hygiene products purchased in Japan (Fujii et al., 2013). This specifically concerns
polyfluoroalkyl phosphonic acids (PAPs/diPAPs). These are used in sun creams, body lotions
and other cosmetics to make the products oil- and water-repellent. Fujii et al. 2013 analysed
various articles and mixtures that contained PAPs or other fluorine-based compounds (for
example, polyfluoroalkyl silcylated mica) according to the international cosmetics database
INCI (International Nomenclature of Cosmetic Ingredients). Various cosmetics for the face
and nails were analysed, as well as sun creams from various manufacturers. The results show
that besides PAPs the products also contained perfluorinated carboxylic acids, PFCA, among
them C9-C14-PFCA. 87 percent of cosmetics samples (13 of 15) and 89 percent of sun creams
(8 of 9) contained PFCA. The highest concentration of analysed >ce-c14-prca found was 5.9 ug/g
in a foundation cream in powder form and 19 pg/g in a sun cream. The levels were generally
higher in the sun creams. Also analysed were articles which, according to INCI, did not contain
any fluorine-based substances (such as PAPs) but which came from the same manufacturer.
These contained no detectable PFCA which, according to the study, indicates that PAPs are an
important source of PFCA in articles and mixtures. However, this was a small study and more
analyses would need to be performed before any reliable conclusions could be drawn. The
study was performed with cosmetics purchased in Japan. The country of origin was mainly
Japan, but two items originated from France and one from the Unites States. Since the
cosmetics manufactured in France also contained C9-C14 PFCAs it may be assumed that
cosmetics available in the EU also contain these substances.
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In the European Commission’s public database on cosmetics CosIng a number of substances
containing C9-C14-PFCAS and related substances were found. The results are shown in Table
A.2- 5. The search was done with the word “perfluoro”, thus the list may not be complete.
Although no volumes used in cosmetics are given in the database, the number of entries
seems to point to a rather important use of the substances in cosmetics.

Table A.2- 5: Search results of uses C9-C14-PFCA and related substances in cosmetics. The search

was done with the word “perfluoro”. Source: http://ec.europa.eu/growth/tools-
databases/cosing/index.cfm?fuseaction=search.simple (5.12.2016)

INCI names CAS Function Description
(International
Nomenclature
Cosmetic
Ingredient)
AMMONIUM C6-16 65530-72-5 / | Emulsifying Phosphoric acid, esters with
PERFLUOROALKYLET 65530-71-4 / 2-(perfluoro-C6-16-
HYL PHOSPHATE 65530-70-3 alkyl)ethanol, ammonium
salt
AMP-C8-18 Emulsion
PERFLUOROALKYLET stabilising,
HYL PHOSPHATE solvent,
surfactant
BUTYL Film forming, Butyl Acrylate/C6-14
ACRYLATE/C6-14 pacifying Perfluoroalkylethyl
PERFLUOROALKYLET Acrylate/Mercaptopropyl
HYL Dimethicone Copolymer is a
ACRYLATE/MERCAPT copolymer of 2-(perfluoro(C6-
OPROPYL 14 alkyl)) ethyl acrylate, n-
DIMETHICONE butyl acrylate and
COPOLYMER mercaptopropy!l dimethicone
monomers
C20-28 ALKYL Film forming
PERFLUORODECYLET
HOXY DIMETHICONE
C4-14 Skin Siloxanes and Silicones, 3-(2-
PERFLUOROALKYLET conditioning perfluoro-C4-14-
HOXY DIMETHICONE alkylethoxy)propyl methyl,
dimethyl
C4-18 70983-60-7 Cleansing, 1-Propanaminium, 2-hydroxy-
PERFLUOROALKYLET surfactant N,N,N-trimethyl-, 3[(gamma-
HYL EC 275-091-5 omega- perfluoro-C6-20-
THIOHY DROXYPROPY alkyl)thio] derivatives,
LTRIMONIUM chlorides
CHLORIDE
C6-12 Hair Perfluoro-C6-12-alkyl ethanol
PERFLUOROALKYLET conditioning,
HANOL skin

conditioning,
solvent
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C6-14 Film forming, C6-14 Perfluoroalkylethyl
PERFLUOROALKYLET viscosity Acrylate/HEMA Copolymer is
HYL ACRYLATE/HEMA controlling a copolymer of 2-
COPOLYMER (perfluoro(C6-14 alkyl)) ethyl
acrylate and 2-hydroxyethyl
methacrylate monomers
C9-15 223239-92-7 Skin Perfluoro-C9-15-alkanol,
FLUOROALCOHOL conditioning esters with phosphoric acid
PHOSPHATE
PERFLUORONONYL Binding Perfluorononyl
DIMETHICONE/METH Dimethicone/Methicone/Amod
ICONE/AMODIMET HI imethicone Crosspolymer is a
CONE crosslinked silicone polymer
CROSSPOLYMER that is formed by reacting a
copolymer of Perfluorononyl
Dimethicone and Methicone
with Methicone and
Amodimethicone
PERFLUORONONYL Hair
OCTYLDODECYL conditioning,
GLYCOL skin
GRAPESEEDATE conditioning
PERFLUORONONYL Hair Fatty acids, meadowfoam,
OCTYLDODECYL conditioning, esters with 1-perfluorononyl-
GLYCOL skin 2-octyldodecyloxy-ethan-1,2-
MEADOWFOAMATE conditioning diol
PERFLUORONONYLET Hair Perfluorononylethyl Carboxy
HYL CARBOXY PEG-7 conditioning PEG-7 Dimethicone Phosphate
DIMETHICONE is the partial ester of
PHOSPHATE phosphoric acid and a
carboxylated derivative of
perfluorononylethyl
dimethicone containing an
average of 7 moles of
ethylene oxide
PERFLUORONONYLET Skin Siloxanes and Silicones, 11-
HYL CARBOXYDECYL conditioning (2- (nonafluorononyl)ethoxy)-
BEHENYL 11-oxoundecyl methyl,
DIMETHICONE docosyl methyl, dimethyl
PERFLUORONONYLET Skin Siloxanes and Silicones, 11-
HYL CARBOXYDECYL conditioning (2-(nonafluorononyl)ethoxy)-
HEXACOSYL 11-oxoundecyl methyl,
DIMETHICONE hexacosyl methyl, dimethyl
PERFLUORONONYLET Skin Siloxanes and Silicones, 11-
HYL CARBOXYDECYL conditioning (2-(nonafluorononyl)ethoxy)-
LAURYL 11-oxoundecyl methyl,
DIMETHICONE dodecyl methyl, dimethyl

72



ANNEX XV RESTRICTION REPORT - Co-Ci4 PFCAs -including their salts and precursors-

PERFLUORONONYLET Skin Siloxanes and Silicones, 11-
HYL CARBOXYDECYL conditioning (2-(nonafluorononyl)ethoxy)-
LAURYL/BEHENYL 11-oxoundecyl methyl,
DIMETHICONE docosyl methyl, dodecyl
methyl, dimethyl
PERFLUORONONYLET Emulsifying, Siloxanes and Silicones, 11-
HYL CARBOXYDECYL skin (2-(nonafluorononyl)ethoxy)-
PEG-10 conditioning 11-oxoundecyl methyl, 3-
DIMETHICONE hydropoly(oxyethylene)oxypr
opyl methyl, dimethyl (10 mol
EO average molar ratio
PERFLUORONONYLET Skin Siloxanes and Silicones, 11-

HYL CARBOXYDECYL
PEG-8 DIMETHICONE

conditioning

(2-(nonafluorononyl)ethoxy)-
11-oxoundecyl methyl, 3-
hydropoly(oxyethylene)oxypr
opyl methyl, dimethyl (8 mol
EO average molar ratio

PERFLUORONONYLET
HYL
DIMETHICONE/METH
ICONE COPOLYMER

Skin
conditioning

Siloxanes and Silicones, 2-
(nonafluorononyl)ethyl
methyl, dimethyl. Hydrogen
methyl

PERFLUORONONYLET Skin Siloxanes and Silicones, 2-

HYL PEG-8 conditioning (nonafluorononyl)ethyl

DIMETHICONE methyl, 3-
hydropoly(oxyethylene)oxypr
opyl methyl, dimethyl (8 mol
EO average molar ratio

PERFLUORONONYLET Emollient,

HYL PEG-8 skin |

PHENYLISOPROPYL conditioning LI

DIMETHCONE OCHHOH

PERFLUORONONYLET Film forming, Siloxanes and

HYL STEARYL skin silicones, di-Me, Me

DIMETHICONE conditioning perfluorononylethyl, Me
stearyl

TEA-C8-184 Hair TEA-C8-18 Perfluoroalkylethyl

PERFLUOROALKYLET conditioning, Phosphate is the

HYL PHOSPHATE

skin
sonditioning,
surfactant

triethanolamine salt of a
complex mixture of esters of
phosphoric acid and a
perfluoroalkylethyl alcohol
containining 8 to 18 carbons
in the alkyl chain

4 Cosmetic restriction I1I/62
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A.4.2.6 Paints, printing inks, and lacquers, adhesives

Highly fluorinated substances such as C9-14-PFCAs can be used in paints and printing to
improve wetting, smoothness and flow. The highly fluorinated substances are used to reduce
surface tension in paints so that the surface on which the paint is applied is wetted. Compared
with other wetting agents, such as silicones, PFASs are more effective in reducing surface
tension which ultimately improves paint adhesion. It is primarily in water-based paints where
these properties are required and PFASs can be present at concentrations of about 1 percent
(10 000 mg/kg). However, this figure is unreliable; in most cases there may be
concentrations, around 0.05 percent (European Chemicals Agency, 2015a).

Suppliers in the paint industry are of the opinion that surface-active fluorinated substances
are generally significantly more expensive than alternative surface-active substances. They
are therefore used only if such a low surface tension is required that this cannot be achieved
with a fluorine-free alternative (UNEP, 2013).

Adding fluorinated surface active substances to inkjets improves the working of modern
printers as well as enhancing picture quality with different media. The surface active
fluorinated substance improves surface wetting during the printing process (UNEP, 2012).

Swedish Chemicals Agency investigated a number of polymers and polymer appearing in raw
materials in inventoried databases of paints and adhesives. These include perfluorinated and
polyfluorinated (meth)acryl polymers, as well as several complex compounded side-chain
fluorinated polymers (copolymers) which have not been categorized. Relevant for this
restriction proposal are the following derivatives: (meth)acrylate polymers (C4-20),
silicones/siloxanes (C8-14), and a smaller number of alkyl thiols (C4-20), iodides (C11), alkyl
alcohols (C8-14),

Polyfluorinated silicones/siloxanes (C6-14), and poly/perfluorinated alkyl alcohols (C8-14) are
used on the global market for printing inks

- Alcohols, C8-14, .gamma.-.omega.-perfluoro (CAS : 0068391-08-2)

- Siloxanes and Silicones,(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
heptadecafluorodecyl)oxy Me, Me, Me octyl, ethers with polyethylene glycol mono-Me
ether (CAS 0143372-54-7)

A.4.2.7 Cleaning agents and polish

With regard to floor polish most manufacturers believe that fluorinated substances are
necessary to give the product the desired properties (wetting, flowing and levelling evenly
over the floor).

In a study on PFASs in consumer articles, shoe- and car waxes as well as floor and furniture
polish were collected in Sweden in 2016 and analysed for various PFASs including C9-C10
PFCA, 10:2 FTOH and 10:2 FTA (Borg and Ivarsson, 2017). The result showed that none of
the articles contained C9-C10 PFCA, 10:2 FTOH or 10:2 FTA

In a study on PFASs in consumer articles and mixtures, two car polishes were collected in
Norway in 2014 and analysed for various PFASs including C9-C14 PFCA (Blom and Hanssen,
2015). The result showed that none of the articles contained C9-C14 PFCA,

A German study (Kotthoff et al. 2015) analysed nine different cleaning agents purchased in
2010. The results showed low or no content of perfluorinated carboxylic acids whereas levels
of fluorotelomer alcohols were high (median 10:2 FTOH 23 mg/kg).
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A.4.2.8 Ski Wax

It is not certain what levels are present in the articles and mixtures themselves but ski waxes
may contain mixtures of many different perfluoro-n-alkanes (C12-C24, C7 or C8) ((Posner et
al., 2013).

In a study on PFASs in consumer articles, three ski waxes/gliders were collected in Norway in
2014 and analysed for various PFASs including C9-C14 PFCA (Blom and Hanssen, 2015). The
result showed that none of the articles contained C9-C14 PFCA,

A study of 13 different ski waxes purchased in 2010 showed the presence of various
perfluorinated substances in ski waxes, among them C9- and C10-PFCAs (Kotthoff et al.
2015).

Swedish Chemicals Agency reports that organofunctionalized silicone polymer, which contains
at least one straight or branched, saturated or unsaturated perfluoro chain (C1-10) can be
present in ski wax (Swedish Chemicals Agency 2015b).

A.4.2.9 Electronic equipment and components

According to Swedish Chemicals Agency (2015b) highly fluorinated substances can be a
component in dirt-repellent coatings which safeguard the transparency of glass surfaces on,
for example, smartphones and solar cells (ACS 2009, US patent 8864897, Oct. 2014, USEPO
2015). These can consist of fluorosilanes with a perfluorinated dirt-repellent tail. The tail can
consist of C1-20 perfluoro chains or polyethers (molecular weight > 1000, at least 20-30 A
thick). Besides their dirt repellent properties fluoro substances are colourless and do not
interfere with the optical properties that are necessary for the functioning of an underlying
anti reflex coating (US patent No. 6,277,485, USEPO 2015). (Meth)acrylates with straight
(C1-9) perfluorocarbon chains are also mentioned in patents for this type of use (US patent
8231973 from 2012, USEPO 2015).

According to information provided by Swedish Chemicals Agency (2015b) the following C9-
C14-PFCAs and related substances may be used in electronic articles:

- poly/perfluorinated amines (C4-18)
- poly/perfluorinated phosphoorganics (C4-9)
- poly/perfluorinated iodides (C4-20)

A.4.2.10 Photographic surface layers

According to information from industry (European Chemicals Agency, 2015a) less than 0.1
ton PFOA and 0.1 ton PFOA-related substances are used in the EU per year for photographic
applications. It is not known if C9-C14-PFCAs and related substances are used in this sector
as well. It can be assumed that this may be a minor use.

A.4.2.11 Semiconductors

According to one stakeholder, C9-C14 PFCAs (low kg range) are used for manufacturing a
small part of semiconductors outside the EU. This use is decreasing. The company will stop
using C9-C14 PFCAs in 2019. Imported articles contain traces of C9-C14 PFCAs , howecer
a concentration was not reported.

A.4.2.12 Medical devices

Fluorochemicals are used in medical devices and equipment. Textiles, for example surgical
drapes and gowns are treated with side-chain fluorinated polymers to improve the surfaces
and to enhance water-, oil- and dirt-resistance. The inert properties of fluoropolymers make
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them suitable material for implants and other medical materials. Also highly fluorinated
substances are used in the manufacture of x-ray film that is still needed for photo imaging
with medical equipment (OECD, 2013).

According to Swedish Chemicals Agency (2015b) there is a Japanese patent available
indicating that C9-C14-PFCAs and their related substances may be used for the manufacturing
of contact lenses. The text of the patent refers to other patents in which PFAS are proposed
as raw materials.

- (meth)acrylate polymers (C1-4) and carboxylic acid esters (C1-20) (US patent 8,288,496,
USEPO 2015).

C9-C14-PFCA related substances may also be used in UV-hardened dental restorative
materials (Swedish Chemicals Agency 2015). The information is based on a German patent
document from 2013 mentioning longer perfluorinated alkyl chains (C1-9 and C2-6) (US
patent 8,466,210, USEPO 2015).

A.4.2.13 Building materials

Fluoropolymers, such as PVDF, can be used as surface treatments in various building materials
(for example, tiles and glass material) to impart fire- or weather-resistant properties.
According to Swedish Chemicals Agency (2015b), there are reports that some fluorochemicals
are used in various building and construction articles that have contact with lightweight
concrete. Examples of these substances are thiols, C8-C20-y-w-perfluorotelomer thiols with
acrylamide (CAS number 70969-47-0). This is found in Australia but it is not known whether
this use also occurs in the EU and in the Nordic countries (Posner et al. 2013). The
construction material in question here is often recovered, crushed and used as a filling
material at landfill sites (Swedish Chemicals Agency 2015b).
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Annex B: Informationon hazard and risk

B.1. Identity of the substance(s) and physical and
chemical properties

B.1.1. Name and other identifiers of the substance(s)

B.1.2. Composition of the substance(s)

B.1.3. Physicochemical properties

The following tables summarise the physicochemical properties of the C9-C14 PFCAs.

Table B.1- 1: Oerview of physicochemical properties of C9-PFCA

Property

Value

Remarks

Physical state at 20°C
and 101.3 kPa

solid

(Yaws, 2008)

Melting point 68 °C (at 1 atm) (Yaws, 2008)

Boiling point 218 ° C (at 1 atm) (Yaws, 2008)

Vapour pressure No data

Water solubility No data

Partition coefficient n- 5.9 (Wang et al., 2011b)

octanol/water (log Estimated using

value) COSMOtherm
C9-PFCA has surface active
properties

Dissociation constant < 1.6 (Vierke et al., 2013b)

0.82 (COSMOtherm)

(Wang et al., 2011b)
Estimated values

Table B.1- 2: Overview of physicochemical properties of C10-PFCA

Property Value Remarks
Physical state at 20°C solid
and 101.3 kPa
Melting point 87.4-88.2 °C (Hare et al., 1954)
Boiling point 218° C (Kauck and Diesslin, 1951)
(measured)
203.4 °C (Kaiser et al., 2005)
219.4 °C (Kaiser et al., 2005)

(estimated)

Vapour pressure

3.1 to 99.97 kPa
(129.6 to 218.9 °C)

(Kaiser et al., 2005)
(calculated)

Water solubility

5.14 g/L at 25 °C

(Kauck and Diesslin, 1951)
(measured)
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Partition coefficient n- 6.5 (Wang et al., 2011b)
octanol/water (log Estimated using
value) COSMOtherm
C10-PFCA has surface active
properties
Dissociation constant < 1.6 (Vierke et al., 2013b)

2.58 (COSMOtherm)

(Moroi et al., 2001)
Estimated values

Table B.1- 3: Overview of physicochemical properties of C11-PFCA

Property Value Remarks

Physical state at 20°C solid According to melting point

and 101.3 kPa

Melting point 112-114 °C (Huang et al., 1987)
(measured)

Boiling point 238.4 °C (at 101.325 kPa) (Kaiser et al., 2005)

(calculated)

Vapour pressure

0.6 to0 99.97 kPa
(112 to 237.7 °C)

(Kaiser et al., 2005)
(calculated)

Water solubility

E-4 g/L; pH 1 at 25°C
E-4 g/L; pH 2 at 25°C
E-3 g/L; pH 3 at 25°C

4 g/L; pH 5 at 25°C
6 g/L; pH 6-10 at 25°C

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

1994-2012 ACD/Labs)

Partition coefficient n-
octanol/water (log
value)

1.2
9.0
8.5
0.056 g/L; pH 4 at 25°C
0.1
0.1
7.2

(Wang et al., 2011b)
Estimated using
COSMOtherm

C9-PFCA has surface active
properties

Dissociation constant

< 1.6
0.52 + 0.10

(Vierke et al., 2013b)
Calculated using Advanced
Chemistry Development
(ACD/Labs) Software
V11.02 (©

1994-2012 ACD/Labs)

Table B.1- 4: Overview of physicochemical properties of C12-PFCA

Property Value Remarks

Physical state at 20°C solid According to melting point

and 101.3 kPa

Melting point 112-114 °C (Huang et al., 1987)
(measured)

Boiling point 249 °C Data from SRC PhysProp
Database, 02/2012
“PhysProp” data were
obtained from Syracuse
Research Corporation of
Syracuse, New York (US)

Vapour pressure 0.0043 mm Hg Estimated value
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9.40E-3 Torr at 25°C

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

Water solubility

4.81E-006 mg/L

2.9E-5 g/L pH 1 at 25°C
2.2E-4 g/L pH 2 at 25°C
2.0E-3 g/L pH 3 at 25°C
0.014 g/L pH 4 at 25°C
0.034 g/L pH 5 at 25°C
0.039 g/L pH 6 at 25°C
0.040 g/L pH 7 at 25°C
0.041 g/L pH 8-10 at 25°C

Estimated value
Calculated using Advanced
Chemistry Development
(ACD/Labs) Software
V11.02 (©

1994-2012 ACD/Labs)

Partition coefficient n-
octanol/water (log
value)

logP 9.363 + 0.888 at 25°C

7.8

Calculated using
Advanced Chemistry
Development (ACD/Labs)
Software V11.02 (©
1994-2012 ACD/Labs)
The value was most likely
calculated for the
non-ionised form.

(Wang et al., 2011b)
Estimated using
COSMOtherm

C9-PFCA has surface active
properties

Dissociation constant

0.52 + 0.10

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

Table B.1- 5: Overview of physicochemical properties of C13-PFCA

Property Value Remarks
Physical state at 20°C solid According to melting point
and 101.3 kPa
Melting point 112-123 °C (Aldrich)
117.5-122°C (Kunieda and Shinoda,
1976)
Boiling point 260.7+35.0 °C (at 101.32 Calculated using Advanced

kPa)

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

Vapour pressure

3.59E-3 Torr at 25°C =
0.479 Pa

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

Water solubility

7.3E-6 g/L; pH 1 at 25 °C
5.5E-5 g/L; pH 2 at 25 °C
5.1E-4 g/L; pH 3 at 25 °C

Calculated using Advanced
Chemistry Development
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3.5E-3 g/L; pH 4 at 25 °C
8.6E-3 g/L; pH 5 at 25 °C
0.0100 g/L; pH 6-10 at 25
°oC

(ACD/Labs) Software
V11.02 (©
1994-2012 ACD/Labs)

Partition coefficient n-
octanol/water (log
value)

logP 10.093 + 0.901 at
25°C

8.25

Calculated using
Advanced Chemistry
Development (ACD/Labs)
Software V11.02 (©
1994-2012 ACD/Labs)
The value was most likely
calculated for the
non-ionised form.

(Wang et al., 2011b)
Estimated using
COSMOtherm

C9-PFCA has surface active
properties

Dissociation constant

0.52 £ 0.10

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

1994-2012 ACD/Labs)

Table B.1- 6: Overview of physicochemical properties of C14-PFCA

Property Value Remarks

Physical state at 20°C solid According to melting point
and 101.3 kPa

Melting point 130 °C (BIG Database)

(Lehmler et al., 2001)
(Kunieda and Shinoda,
1976)

Boiling point

270 °C (at 98.6 kPa)

(BIG Database)

Vapour pressure

1.37E-3 Torr at25 °C =
0.183
Pa

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

Water solubility

1.9E-6 g/L; pH 1 at 25°C
1.4E-5 g/L; pH 2 at 25°C
1.3E-4 g/L; pH 3 at 25°C
9.3E-4 g/L; pH 4 at 25°C
2.2E-3 g/L; pH 5 at 25°C
2.6E-3 g/L; pH 6-10 at 25°C

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

1994-2012 ACD/Labs)

Partition coefficient n-
octanol/water (log
value)

logP 10.823 + 0.914 at
25°C

8.9

Calculated using
Advanced Chemistry
Development (ACD/Labs)
Software V11.02 (©
1994-2012 ACD/Labs)
The value was most likely
calculated for the
non-ionised form.

(Wang et al., 2011b)
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Estimated using
COSMOtherm

C9-PFCA has surface active
properties

Dissociation constant 0.52 £ 0.10 Calculated using Advanced
Chemistry Development
(ACD/Labs) Software
V11.02 (©

1994-2012 ACD/Labs)

Dissociation of C9-14-PFCAs and its salts in agueous media

Under environmental conditions in aqueous media the free perfluorinated carboxylic acids
(PFCAs) stay in equilibrium with their conjugate bases, the perfluorinated carboxylates. The
fraction of each species depends on the acid dissociation constant (pKa) and the pH of the
environmental compartment. Salts of PFCAs, which are sometimes used in laboratory
experiments, will be in equilibrium with the corresponding acid in aqueous phases as well.
Currently used techniques for analysis and quantification of PFCAs in i.e. environmental
samples are not able to distinguish between both of the species. Therefore, reported
concentrations always include the acids as well as the bases. If reported concentrations are
used for the determination of bioaccumulation factors or for experiments determining the
persistency, aqueous phase concentrations include both species. Experimental determination
of pKa is difficult for PFCAs, i.e. because of the surface active properties. Calculated values
should be taken with care, because for most of the models it is unclear whether PFCAs are
within their applicability domain. For assessing the intrinsic properties of the PFCA within this
dossier the exact knowledge of the fraction of each species is not required, because both of
the species will be available independently from the starting conditions.

B.1.4. Justification for grouping

C9-C14-PFAC belong to the same substance category of long-chain perfluorinated carboxylic
acids (PFCAs). The substances in this group have a highly similar chemical structure: a
perfluorinated carbon chain and a carboxylic acid group. They differ only in the number of
CF2-groups whereas all other fragments are the same within the group. As a result of
comparing the experimental and estimated data of the PFCAs with experimental and
estimated data, it can be concluded that with increasing chain length water solubility
decreases and the sorption potential increases (see Table B.1- 7). It can be stated with
sufficient reliability that the behaviour of the PFCAs follows a regular pattern.
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Table B.1- 7: Basic substance information and physical chemical properties relevant to justify grouping

Abbreviation C4'PFCA Cs'PFCA Cs'PFCA C9-PFCA C1o'PFCA C11'PFCA C12-PFCA C13'PFCA C14'PFCA
Acronym PFBA PFHxA PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
IUPAC Name | Butanoic Hexanoic Octanoic Nonanoic Decanoic Undecanoic Dodecanoic Tridecanoic Tetradecanoi
acid, acid, acid, acid, acid, acid, acid, acid, c acid,
heptafluoro- | undecafluoro | pentadecaflu | heptadeca- nonadeca- heneicosa- tricosafluoro | pentacosa- heptacosa-
- oro- fluoro- fluoro- fluoro- - fluoro- fluoro-
Chemical CF3(CF2)2- CF3(CF2)as- CF3(CF)e- CF3(CFy)7- CF3(CFy)s- CF3(CF2)9e- CF3(CF2)10- CF3(CF2) - CF3(CF)12-
Structure COOH COOH COOH COOH COOH COOH COOH COOH COOH
CAS No 375-22-4 307-24-4 335-67-1 375-95-1 335-76-2 2058-94-8 307-55-1 72629-94-8 376-06-7
Physico-chemical data
Molecular 214.04 314.05 414.09 464.08 514.08 564.0909 614.0984 664.1059 714.11
Weight g/mol
Partitioning 2.82 (calc., 3.48 (US EPA; | 5.30 (calc., 5.9 (calc., 6.5 (calc., 7.2 (calc., 7.8 (calc., 8.25 (calc., 8.90 (calc.,
Coefficientlog | COSMOtherm | Estimation COSMOtherm | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, [ COSMOtherm,
Kow (temp. not Program (temp. not Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al.
specified) Interface (EPI) | specified) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b)
(Wang etal., Suite. Ver. (Wang etal.,
2011b) 4.11. Nov, 2011b)
2012.
3.39+ 0.60 Available
(calculated from, as of
using Jan 11, 2015
Advanced
Chemistry 4.06 (calc.,
Development [ COSMOtherm
(ACD/Labs) (temp. not
Software specified)
V11.02) (Wang etal.,
2011b)
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Abbreviation | C4-PFCA Cs-PFCA Cs-PFCA Co-PFCA Ci10-PFCA Ci11-PFCA Ci1>-PFCA Ci13-PFCA Ci14-PFCA
Acronym PFBA PFHxA PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
4,99 £ 0.71
(calculated
using
Advanced
Chemistry
Development
(ACD/Labs)
Software
V11.02)
log Koa 6.04 (calc., 6.63 (calc., 7.23 (calc., 7.50 (calc., 7.77 (calc., 8.08 (calc., 8.36 (calc., 8.63 (calc., 8.87 (calc.,
COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, [ COSMOthem,
Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al.
2011b) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b)
log Kaw -3.23 (calc., -2.58 (calc., -1.93 (calc., -1.58 (calc., -1.27 (calc., -0.92 (calc., -0.58 (calc., -0.38 (calc., 0.03 (calc.,
COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, | COSMOtherm, [ COSMOtherm,
Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al. Wang et al.
2011b) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b) 2011b)
Dissociation <1.6 (Vierke <1.6 (Vierke 0.5 (Vierke et | <1.6 (Vierke <1.6 (Vierke <1.6 (Vierke
constant etal. 2013b) etal. 2013b) al., 2013b) etal. 2013b) etal. 2013b) etal. 2013b)
2.5 (Ylinen et
0.85 (calc., 0.84 (calc., al. 1990) 2.8 0.82 (calc., 2.58 (Moroi et
COSMOtherm, | COSMOtherm, | in 50% COSMOtherm, | a/. 2001)
Wang et al. Wang et al. aqueous Wang et al.
2011b) 2011b) ethanol 2011b)
(Brace, 1962)
-0.16 (Zhao
etal., 2014) 1.3 (Lopez-
Fontan etal.,
2005)
Partition 0.04 (Ahrens | 0.6 (Ahrenset | 1.8 (Ahrens et | 3.0 (Ahrens et

coefficients log

etal. 2010)*

al. 2010) *

al. 2010) *

al. 2010) *
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Abbreviation | C4~-PFCA Ce-PFCA Cs-PFCA Co-PFCA Ci10-PFCA Ci11-PFCA Ci12>-PFCA Ci13-PFCA Ci14-PFCA
Acronym PFBA PFHxA PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
Kq (sediment
and
overlapping
dissolved
phase)
Log Koc 1.88 (Guelfo 1.31 (Guelfo 2.06 (Higgins 2.39 (Higgins | 2.76 (Higgins 3.3 (Higgins
(sediment and Higgins, and Higgins, and Luthy, and Luthy, and Luthy, and Luthy,
organic 2013) 2013) 2006)# 2006)# 2006)# 2006)#
carbon-
normalised 1.63 - 2.35 1.09 (Ahrens | 2.4 (Ahrens et | 3.6 (Ahrens et | 4.8 (Ahrens et
distribution (Sepulvado et | etal. 2010)* al. 2010)* al. 2010)* al. 2010)*
coefficient) al., 2011)
Water 15.7 g/L 9.5 g/L (25° 5.14 g/L at 1.2E-4 g/L; 2.9E-5g/LpH | 7.3E-6 g/L; 1.9E-6 g/L;
solubility (25°C) C) 25°C (Kauck pH 1 at 25°C 1 at25°C pH1 at25°C [ pH1 at25°C
and Diesslin,
(Zhaoetal., |4.14g/L 1951) 9.0E-4 g/L; 2.2E-4g/LpH | 5.5E-5g/L; 1.4E-5g/L;
2014) (22°C) pH 2 at 25°C 2 at 25°C pH 2 at 25 °C pH 2 at 25°C
(European 8.5E-3 g/L; 2.0E-3g/LpH | 5.1E-4 g/L; 1.3E-4 g/L;
Chemicals pH 3 at 25°C 3 at25°C pH3 at25°C | pH 3 at25°C
Agency,
2015a) 0.056 g/L; pH | 0.014 g/L pH 3.5E-3 g/L; 9.3E-4 g/L;
4 at 25°C 4 at 25°C pH 4 at 25 °C pH 4 at 25°C
0.14 g/L; pH5 | 0.034 g/L pH 8.6E-3 g/L; 2.2E-3 g/L;
at 25°C 5 at25°C pH5 at25°C | pH5 at25°C
0.16 g/L; pH 0.039 g/L pH 0.0100 g/L; 2.6E-3 g/L;
6-10 at 25°C 6 at 25°C pH6-10at 25 | pH6-10 at
°C 25°C

(calculated)
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Abbreviation | C4-PFCA Ceé-PFCA Cs-PFCA Co-PFCA Ci10-PFCA Ci11-PFCA Ci12>-PFCA Ci13-PFCA Ci14-PFCA
Acronym PFBA PFHxA PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
(European 0.040 g/L pH (calculated) (calculated)
Chemicals 7 at 25°C
Agency, (European (European
2012b) 0.041 g/L pH Chemicals Chemicals
8-10 at 25°C Agency, Agency,
2012d) 2012c)
(calculated)
(European
Chemicals
Agency,
2012e)
Vapour 1.98 mm Hg 4.2 Pa (25°C) 3.1to 99.97 0.6 to 99.97 1.25Pa at 0.48 Pa at 0.18 Pa at
pressure at 25°C for C8-PFCA kPa (129.6 to kPa (112 to 25°C 25°C
extrapolated 218.9°C) 237.7°C) (calculated) (calculated) 25°C
US EPA; from (calculated) (calculated)
Estimation measured (calculated) (European (European
Program data (European Chemicals Chemicals (European
Interface (EPI) (Kaiser, 2005) | Chemicals Agency, Agency, Chemicals
Suite. Ver. 2.3Pa (20 °C) Agency, 2012e) 2012d) Agency,
4.11. Nov, for C8-PFCA 2012b) 2012c)
2012. extrapolated
Available from
from, as of measured
Jan 11, 2015 data
Estimated (no | 128 Pa (59.3
experimental °C) for C8-
value PFCA
available, measured
unknown
reliability of (European
estimated Chemicals
value)
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Abbreviation | C4-PFCA Ceé-PFCA Cs-PFCA Co-PFCA Ci10-PFCA Ci11-PFCA Ci12>-PFCA Ci13-PFCA Ci14-PFCA
Acronym PFBA PFHXA PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
Agency,
2015a)
Ammonium
salt of PFOA:
<0.1 hPa at
20 °C
0.012 Pa at 25
°C
0.0028 Pa at
25°C
(Nielsen,
2012)
Boiling point 157°C (Savu, | 189°C (Savu, | 218°C (Yaws, | 218°C 238.4 °C 249 °C 260.7°C 270 °C
2000) 2000) 2008) measured (Kaiser etal., | SRC PhysProp | Calculated (BIG
(Kauck and 2005) Database using Database)
Diesslin, (calculated) Advanced
1951) Chemistry
Development
(ACD/Labs)
Software
V11.02 (©
1994-2012
ACD/Labs)

*pH of the water samplesanalysed 7.1-8.3 Temp.: 15.3 -17.7 °C
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Table B.1- 8: Information on degradation of C8-C14 PFCAs (European Chemicals Agency, 2012b; European Chemicals Agency, 2012c; European Chemicals
Agency, 2012d; European Chemicals Agency, 2012e; European Chemicals Agency, 2013; European Chemicals Agency, 2015c; European Chemicals Agency,

2016b)
Abbreviation Cs'PFCA Cg'PFCA C1o'PFCA C11'PFCA C12'PFCA C13'PFCA C14-PFCA
Acronym PFOA APFO PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
Phototransfor | No No No No No photodegradation
mation in photodegradatio | photodegradatio | photodegradation photodegradation | tested under relevant
water DT50 n detected n detected tested under tested under env. Conditions
under relevant | under relevant | relevantenv. relevantenv. 77% after 12 h by use of
env. Conditions | env. Conditions | Conditions Conditions persulfate ion (S208%) in
100 % after 12 h 100 % after 12 h water
by use of persulfate | by use of
ion (S20g%) in water | persulfate ion
(S208%) in water
Hydrolysis >97 yr No hydrolysis
DT50 tested under
relevant env.
Conditions; 97%
(absence of S,08?)
and 100% (by use
of S,0g%) after 6 h
in 80°C water
Direct No photo-
photolysis degradation
indirect No photo-
photolysis degradation
(H202;
synthethic
humic water,
Fe203)
estimated half-
life > 349 days
(Fe203)
ready not readily not readily not readily not readily not readily
biodegradabilit | biodegradable biodegradable biodegradable biodegradabl biodegradabl
y screening (OECD 301 C,F) | (OECD 301 B) (OECD 301 F) e e
test (OECD 301 (OECD 301
C) C)
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Simulation
tests

No elimination
by metabolic
processes,
mineralization
or adsorption

Biodegradatio
n in soil,
sediment

No degradation
detected

Table B.1- 9: Information on bioaccumulation of C8-C14 PFCAs (European Chemicals Agency, 2012b; European Chemicals Agency, 2012c; European
Chemicals Agency, 2012d; European Chemicals Agency, 2012e; European Chemicals Agency, 2013; European Chemicals Agency, 2015c; European
Chemicals Agency, 2016b)

Abbreviation Cs-PFCA Co-PFCA Ci0-PFCA Ci11-PFCA Ci12-PFCA Ci3-PFCA C14-PFCA
Acronym PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA

BCF

Rainbow trout 4.5+ 0.6 = 450 + 62 2700 £ 400 18000 £ 2700 = 23000 + 5300
(carcass)

Rainbow trout 27 £ 9.7 = 2700+350 11000 £1400 40000 £ 4500 = 30000 + 4200
(blood)

Rainbow trout 8.0 = 0.59 - 1100 £ 180 4900 £ 770 18000 + 2900 - 30000 + 6000
(liver)

Carp (whole) 3.2-94 = = 2300-3700 10000-16000 = 16000-17000
BAF 0.038-292 39-3981 714-158489 1409-1000000 10000-5011872 - 15857-19294
BMF 0.02-125 0.13-111 0.1-87 0.21-353 0.1-156 0.35-3.4 0.33-8.5

TMF 0.2-13 1.9-7.0 0.39-12.1 0.75-10.2 0.7-5.87 2.45 0.23-3.05
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B.2. Manufacture and uses (summary)

Manufacturing

To date there is no active registration under REACH of C9-C14 PFCAs, their salts and related
substances. The substances are however, still manufactured as unintended side fraction
during the manufacturing of per- and polyfluorinated chemicals containing a carbon chain of
less than nine carbon atoms such as the C6- perfluorinated carbon chain. Pre-registrations
exist for a number of C9-C14 PFCAs, their salts and related substances. It may be possible
that these substances will be registered during the last registration period in 2018.

Only limited data are available for the global manufacturing of C9-C14 PFCAs. The global
manufacturing volume of C9-PFCA ammonium salt was estimated to increase until 2015 to a
maximum volume of 107 t. After 2016 the manufacturing volumes are expected to decline to
zero, due to the results of the US-EPA Stewardship-Program. At least one company in Japan
manufactured C9-PFCA ammonium salt in the past. Articles available on the global market
i.e. Surflon S-111 (CAS 72968-38-8) contain a mixture of long-chain PFCAs, such as C9-PFCA,
C11- and C13-PFCA. According to information from the internet this use has ceased.

Data on manufacturing volumes for C9-C14 PFCA related substances are not available, but a
number of substances seem to be available on the world market.

C9-C14 PFCAs, their salts and related substances are mainly manufactured unintentionally.

They occur as side fraction during the manufacturing of per- and polyfluorinated substances
with carbon chains of less than 9 carbons.

Uses

No intentional uses of C9-C14 PFCAs, their salts and related substances were reported during
the stakeholder consultations. Thus, it can be assumed that manufacturing and use has been
ceased in Europe. One stakeholder has reported that small volumes of C9-C14 PFCAs (in the
kg range) are used for manufacturing semiconductors outside the EU. The substacnes are
used in Semiconductors or articles containing semicontoctors are imported into the EU.
However the stakeholder will use a substitue from 2019 on. One major (historical) use of the
C9-PFCA ammonium salt (APFN) has been the manufacturing of polyvinylidene fluoride
(PVDF). The global use of PVDF increases. However, as reported by industry, PVDF used in
Europe is manufactured without APFN. There are no recent information available for other
regions.

Only little information is available on the uses of C9-C14 PFCA related substances. According
to stakeholders consulted, these substances are only unintentional impurities in per- and
polyfluorinated substances containing a carbon chain of less than nine carbon atoms and are
not used intentionally within the EU. A search in the Swedish Product Register seems to clarify
that the use of C9-C14 PFCA related substances is declining. The time trend examples from
Sweden show that a substitution process or phasing out has taken place for the use of PFCA
C9-C14 related substances in several important application areas. It is assumed that a similar
substitution process has taken place or is under way in the rest of EU. Duringn the stakeholder
consultation The PFOA restriction was reported as main driver to decrease the use of long-
chain PFCAs including C9-C14-PFCA related substances.

One stakeholder reported the use of the substances as analytical standard in the laboratory

and for research and development purposes (gram to kg quantities). One stakeholder
reported that it could not rule out for sure the use of the substances by suppliers outside the
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EU. Thus, it may be possible that C9-C14-PFCA related substances are still imported in articles
and mixtures into the EU above the proposed threshold.

B.3. Classification and labelling

See Chapter 1.1.3

B.4. Environmental fate properties

B.4.1. Degradation
B.4.1.1 Degradation of C9-C14 PFCAs

C9-C14 PFCAs as well as the ammonium and sodium salts of C9-PFCA and C10-PFCA were
included on the Candidate List as Substances of Very High Concern. All substances meet the
P and vP-criteria of REACH Annex XIII based on the weight of evidence approach (European
Chemicals Agency, 2012b; European Chemicals Agency, 2012c; European Chemicals Agency,
2012d; European Chemicals Agency, 2012e; European Chemicals Agency, 2015c; European
Chemicals Agency, 2016b).

B.4.1.2. Degradation of C9-C14 PFCA-related substances

Only limited degradation studies of C9-C14 PFCA-related substances are available. Therefore,
read-across to C8, C6 and C4 PFCA-related substances was used. In general, the
polyfluorinated substances (PFCAs) are degraded to perfluorinated acids. It can be assumed
that the degradation mechanism for C9-Cl14 PFCA-related substances is similar to the
homologues containing a carbon chain of less than nine carbon atoms. Using the weight of
evidence approach it seems very likely that also similar substances may degrade in a similar
way in the environment. At the end of a number of degradation steps C9-C14 PFCAs may
most probably be the end product and persist in the environment.

In the following sub-chapters the degradation pathways of polyfluorinated substances (PFCA
related substances) are described.
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B.4.1.2.1 Fluorotelomere alcoholes (FTOHSs)

Table B.4- 1: Summary of formed PFCAs during degradation of FTOHs and the intermediate products (5:3 acid, fluorotelomer carboxylic acid (FTCA) and
fluorotelomer unsaturated carboxylic acid (FTUCA)

Substance | Compartment Study C4-PFCA | C5-PFCA | C6-PFCA | C7-PFCA C8-PFCA | C9-PFCA C10-PFCA | Reference
duration | [%] [%] [%] [%] [%] [%] [%]
6:2 FTOH Atmosphere + + + + (Ellis et al.,
2004b)
Atmosphere + + + (Styler et al.,
2013)
Soil (flow 84 d 0.8 4.2 4.5 - (Liu et al.,
through) 2010a)
Soil (closed 180d 1.8 30 8.1 - (Liu et al.,
system) 2010b)
Mixed bacterial 90d <0.5 <0.5 5 - (Liu et al.,
culture 2010b)
WWTP-activated 60 d - 4.4 mol% | 11 mol% - (Zhao et al.,
sludge 2013b)
Aerobicriver i00d 1.5 mol% 10.4 8.4 mol% - (Zhao et al.,
sediment system mo 1% 2013a)
Anaerobic 90 d - 0.2 mol% - (Zhangetal,,
digestersludge 176 d - 0.4 mol% - 2013b)
Anaerobic 100d - - 0.6 mol% (Zzhangetal,,
sediment 2016)
5:3 acid WWTP-activated 90d 0.8 mol% | 5.9 mol% (Wang etal,,
sludge 2012)
8:2 FTOH Atmosphere 0.1 0.1 0.24 0.32 1.5 1.6 (Ellis et al.,
2004b)
Aqueous 10 h 40 +
photolysis -
H202 solution )
Aqueous 140-146 1-8 + I(Vliab“::‘y'e;ggg)
photolysis - h !

synthetic field
water
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Aqueous 3 + (but
photolysis —Lake below LOQ)
Ontario
mixed microt_)ial 81d - 3 - (Dinglasan et
system (sediment
al., 2004)
and groundwater
mixed bacterial 90d 1 Not 6 - (Wang etal.,
culture evaluated 2005a)
activated sludge 28d Not 2.1 - (Wang etal,,
evaluated 2005b)
Soil 197d 1-4 - 10-40 (Wang et al.,
(average 2009)
25)
Anaerobic 181d - - 0.3 mol% (Zhangetal,,
digestersludge 2013b)
8:2 FTCA Sediment-water 50d 21 mol%
system (water) (Myers and
9.3 mol% Mabury, 2010)
(sed.)
8:2 FTUCA | Sediment-water 35d 12 mol% 27 mol% < 1 mol% < 1 mol%
system (water, at (water) (Myers and
day 22) 9 mol% Mabury, 2010)
(sed.)
10:2 FTOH | soil 30d 5.1 mol% 4.3 mol% 59.7 mol%
Soil-earthworm 8.7 mol% 7.3 mol% | 74.9 mol% (zhao and Zhu
Soil-wheat 8.9 mol% 5.9 mol% | 77.8 mol% 2017) !
Soil-earthworm- 9.9 mol% 6.0 mol% | 74.8 mol%
wheat
10:2 FTCA | Sediment-water 50d 11 mol% (Myers and
system (sed.) Mabury, 2010)
10:2 Sediment-water 35d 0.37 mol% | 1.9 mol% 1.1 mol% 6 mol%
FTUCA system (sed.) (sed.) (water) (water) (Myers and
1.7mol% 22 mol% Mabury, 2010)
(sed.) (sed.)

[+] detected, but not quantified; [-] not detected; [ ] not evaluated
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Ellis and co-workers studied the kinetics of the reactions of Cl atoms and OH radicals with a
series of fluorotelomer alcohols with differing chain lengths (4:2; 6:2, 8:2 FTOH) in 700 Torr
of N2 or air, diluent at 296 +/- 2K. Interestingly, the length of the perfluorinated carbon chain
residue had no discernible impact on the reactivity of the molecules. The authors conclude
atmospheric life-time of the FTOHSs of 20 days by reaction with OH radicals (Ellis et al., 2003).

C6-FTOH

The photooxidation of 6:2 FTOH was investigated at the surface of TiO2, SiO2, Fe20s,
Mauritanian sand, and Icelandic volcanic ash (Styler et al., 2013). At all surfaces the
photooxidation resulted in the production of surface-sorbed PFCAs (C7-PFCA, C6-PFCA, and
C5-PFCA). These results provides evidence that the heterogeneous photooxidation of FTOHs
at metal-rich atmospheric surface may provide a significant loss mechanism for FTOHs and
also act as a source of aerosol-phase PFCAs close to source regions. The long-range transport
of these aerosols is a possible source of PFCAs to remote areas.

The aerobic biodegradation of 6:2 FTOH was performed in a flow through soil incubation
system (Liu et al., 2010a). After 1.3 days, 50% of 14C labelled 6:2 FTOH disappeared from
soil, because of microbial degradation and volatilisation. The overall mass balance during the
84-day incubation averaged 77% and 87% for the live and sterile treatments, respectively.
16% [14C] 5:2 sFTOH, 14% [14C] 6:2 FTOH and 6% [14C] CO2 were measured in the airflow
after 84 days. In soil the following stable transformation products were detected after 84
days: 5:3 acid (12%), C6-PFCA (4.5%), C5-PFCA (4.2%), and C4-PFCA (0.8%). In soil-bound
residues, the major transformation product was 5:3 acid, which may not be available for
further biodegradation in soil. In a further study, the authors investigated the aerobic
biodegradation of 6:2 FTOH (without 14C-labelling) in soil (closed system) (Liu et al., 2010b).
6:2 FTOH primary degradation half-life was 1.6 days. The overall mass balance in aerobic soil
was ~67% after 180 days (e.g. due to irreversible bond to soil). After 180 days the following
substances were accounted: 30 % C5-PFCA, 8.1% C6-PFCA, 1.8% C4-PFCA, 15% 5:3 acid,
1% 4:3 acid, 3 % 6:2 FTOH, and 7.1% 5:2 sFTOH. 5:2 sFTOH, 5-3 acid and the intermediate
5:2 FT ketone were incubated with soil to elucidate the biodegradation pathway. 5:2 FT ketone
yielded 5:2 sFTOH (78%), C6-PFCA (4%) and C5-PFCA (18%) after 90 days. Incubation with
5:2 sFTOH for 60 days yielded C6-PFCA (12%), C5-PFCA (85%) and small amounts of 5:2 FT
ketone (<0.5%). Incubating with 5:3 acid 4:3 acid (2.3+£0.4%) was the only metabolite after
60 days. The concentration of the initial 5:3 acid concentration decreased to 63%, this is
likely due to the strong adsorption to soil (5:3 acid is becoming non-extractable).

Liu et al. also investigated the biodegradation of 6:2 FTOH in mixed bacterial culture (Liu et
al., 2010b). Activated sludge was collected from an industrial wastewatertreatment plant and
was mixed with a nutrient medium. The sludge was pre-exposed to fluorinated chemicals.
The bacterial culture itself was not pre-exposed to fluorinated chemicals. The primary
degradation of 6:2 FTOH was rapid with an estimated half-life of 1.3 days. After 90 days, the
overall mass balance was 60 % (low mass balance can be attributed to unidentified or
unquantified metabolites). C6-PFCA (5%), 6:2 FTCA (6%), 6:2 FTUCA (23%), 5:2 sFTOH
(16%) and 5-3 acid (6%) were observed at the end of the study.

Zhao et al. investigated the aerobic biotransformation of 6:2 FTOH in activated sludge of two
domestic WWTP (Zhao et al., 2013b). Primary biotransformation was rapid. More than 97
mol% converted within 3 days to at least nine transformation products. The most abundant
transformation product was the volatile 5:2s FTOH. After two months 40 mol% 5:2sFTOH (30
mol% in the headspace) was detected. Further major biotransformation products were 5:3
acid (14 mol%), C6-PFCA (11 mol%), and C5-PFCA (4.4 mol%). C4-PFCA and C7-PFCA were
not observed within two months. Another study investigated the biotransformation of 5:3 acid
in activated sludge (Wang et al., 2012). After 90 days the 5:3 acid biotransformation yielded
4:3 acid (14.2 mol%), C5-PFCA (5.9 mol%) and C4-PFCA (0.8 mol%).

In an aerobic river sediment system similar biotransformation products as in soil and activated
sludge were detected (Zhao et al., 2013a). The recovery of 6:2 FTOH and quantifiable
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transformation products ranged 71-88 mol% of initially applied 6:2 FTOH. The lower mass
balance compared to sterile control (86-98 mol%) could be explained by formation of bound
residues. After 100 days 22.4 mol% 5:3 acid, 10.4 mol% C5-PFCA, 8.4 mol% C6-PFCA, and
1.5 mol% C4-PFCA were detected. C7-PFCA was not observed. Most of the 5:3 acid formed
bound residues with sediment organic components, which can only be recovered by NaOH
and ENVI-Carb™ carbon. In addition, 5:3 acid can be further degraded to 4:3 acid (2.7 mol%).
Major intermediates during biotransformation of 6:2 FTOH were 6:2 FTCA, 6:2 FTUCA, 5:2
ketone, and 5:2 sFTOH. The 6:2 FTOH primary degradation half-life in sediment system was
estimated to be 1.8 days. Figure B.4- 1 illustrates the proposed biodegradation pathway of
6:2 FTOH in aerobic sediment systems.

F(CFz2)sCH:CH:0H

6:2 FTOH
F(CF2)eCH2CHO F(CF2)4(CH2)>COOH
6:2 FTAL 23 Acid
F(CF2)sCH.COOH F(CF,)sCF=CHCOOH F(CF3)sCH= CHCOOH F(CF2)sCH2CH({OH)COOH
6:2 FTCA — 6:2 FTUCA — 5:3 U Acid a-0H-5:3 Acid
F(CF2)sC(O)CHs F(CF2)sCOOH
5:2 FT ketone PFBA F(CFz)s(CHz)2COOH
5:3 Acid

}

F(CFz)sCH(OH)CHs
5:2 sFTOH

NN

F(CF2)«COOH F(CF2)sCOOH
PFPeA PFHxA

Figure B.4- 1: Proposed 6:2 FTOH biotransformation pathways in aerobic sediment system. The single
arrows indicate transformation steps based on observed transformation product and the double arrows
indicate multiple transformation steps (based on (Zhao et al., 2013a)).

Anaerobic degradation of 6:2 FTOH under methanogenic conditions has been analysed by
Zhang et al., (Zhang et al., 2013b). Anaerobic digester sludge was incubated dosed with 6:2
FTOH in two studies one for 90 and the other for 176 days. The half-life of 6:2 FTOH (primary
degradation) was about 30 days. C6-PFCA formation was much lower compared with the
results of the aerobic sludge and soil studies (0.2 mol% in the 90d-study, 0.4 mol% in the
176d-study). Approximately 30 mol% and 6 mol% of the added 100 mol% 6:2 FTOH still
remained at day 90 and day 176, respectively. An average of 43 mol% of intermediate
transformation products (sum of 6:2 FTCA and 6:2 FTUCA) were detected in both studies.
5:3 acid was detected as a stable degradation product (average 21 mol%). The results on
anaerobic degradation obtained by Zhang et al. may be relevant for conditions such as landfill
leachate and anaerobic WTTP sludge.

C8-FTOH

The following text was copied from the background document of the restriction proposal on
perfluoroctanoin acid (C8-PFCA) (European Chemicals Agency, 2015a).
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8:2 FTOH metabolism universally show the formation of C8-PFCA and, to a smaller fraction,
C9-PFCA and lower-chain-length PFCAs (Butt et al., 2014).

Dinglasan et al. investigated biodegradation of 8:2 FTOH using mixed microbial system
(Dinglasan et al., 2004). The enrichtment culture was obtained from sediment and
groundwater from a contaminated site. By day 81, C8-PFCA was detected at 3% of the total
mass of added 8:2 FTOH. 8:2 fluorotelomer unsaturated carboxylic acid (8:2 FTUCA) was
identified as major metabolite at day 81 (~50% of the total mass). Further degradation of
8:2 FTUCA may lead to an increase of C8-PFCA concentration (see Figure B.4- 2). By day 81
only 55% of products could be accounted. There may be a number of reasons for the loss:
volatile metabolits may have been lost during routine sampling (loss of initial 8:2 FTOH ~20%
in sterile control), volatile metabolites that were left unidentified or unsaturated metabolites,
which are covalently bound to biological macromoldecules.

Biodegradation of 14C-labelled 8:2 FTOH has been investigated in mixed bacterial culture and
in activated sludge (Wang et al., 2005a; Wang et al., 2005b). The mixed bacterial culture
was obtained from sludge from an industrial wastewatertreatment plant (WWTP). Meanwhile,
the second study was performed with inoculums from a domestic WWTP (200-fold diluted).
The results showed that 8:2 FTOH is adsorbed to sludge and degraded subsequently. A
significant portion of the 14C 8:2 FTOH had volatilized from the solid/aqueous matrix and
deposited onto the PTFE septa of the experimental vessels. 36% of 14C 8:2 FTOH remained in
the mixed bacterial culture at day 90 (Wang et al., 2005a) and 57% of the parent still
remained in the activated sludge system after 28 days (Wang et al. 2005b). In the mixed
bacterial culture system the concentration of C8-PFCA increased over 56 days and levelled off
to 6% of the 14C mass balance until day 90. Approximately 25% of the sum of 8:2
fluorotelomer carboxylic acid (8:2 FTCA), 8:2 fluorotelomer unsaturated carboxylic acid (8:2
FTUCA) and 7:2 fluorotelomer secondary alcohol (7:2 sFTOH) were detected at day 90. These
substances are degradation intermediates and can be further degraded to C8-PFCA (see
Figure B.4- 2) (Wang et al., 2005a). In the activated sludge system 2.1% C8-PFCA and 33%
sum of 8:2 FTUCA and 8:2 FTCA of the initial 14C mass have been identified after 28 days
(Wang et al., 2005b). Similar degradation pathways were observed in aerobic soil, whereby
formation of C8-PFCA were higher in the soil compared to mixed bacterial cultures and
activated sludge. 10 - 40 % (average 25%) of 14C- 8:2 FTOH (half-life (primary degradation)
< 7 days) was degraded to form C8-PFCA (steady state after 7 — 56 days; test duration 197
days) (Wang et al., 2009). 10-35% of total 14C was irreversibly bound to soil, whereby C8-
PFCA was not irreversibly bound to soils.
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Figure B.4- 2: Aerobic degradation pathways of 8:2 FTOH in soil and activated sludge (Figure based on
(Liu and Mejia Avendano, 2013). The double arrows indicate multiple transformation steps.
Defluorination reactions are indicated by release of fluoride ions (F—). Stable and semi-stable
compounds are shown inside dashed boxes. 2H-PFOA (2H-C8-PFCA) has been proposed, but it has not
been successfully validated as a C8-PFCA degradation product. The percentages of the degradation
products refer to studies by (Dinglasan et al., 2004; Wang et al., 2005a; Wang et al., 2009, Wang et
al., 2005b)).

Anaerobic degradation of 8:2 FTOH under methanogenic conditions has been analysed by
Zhang et al., (Zhang et al., 2013b). Anaerobic digester sludge was incubated dosed with [3-
14C] 8:2 FTOH for 181 days. The half-life of 8:2 FTOH (primary degradation) is about 145
days. C8-PFCA formation was much lower compared with the results of the aerobic sludge
and soil studies (0.3 mol% of initially applied [3-14C] 8:2 FTOH within 181 days).
Approximately 39 mol% of the added 100 mol% [3-14C] 8:2 FTOH still remained by day 181.
23 mol% of intermediate transformation products (sum of 8:2 FTCA and 8:2 FTUCA) were
detected at day 181 2H, 2H, 3H, 3H-Perfluordecanic acid (7:3 acid) was detected as a stable
degradation product (27 mol%). The results on anaerobic degradation obtained by Zhang
may be relevant for conditions such as landfill leachate and anaerobic WTTP sludge.

Atmospheric degradation was further studied in a smog chamber (Ellis et al., 2004b).
Experiments were performed in 750 Torr of air at 296 K. Reaction mixtures were subject to
0.5 to 15 min UV radiation leading to a consumption of FTOH in the range of 66 to >98%. It
was shown that 8:2 FTOH is oxidized, initiated by Cl atoms which represent OH radicals, and
forms C9-PFCA, C8-PFCA (1.5% C mass balance of 8:2 FTOH) and PFCAs containing a carbon
chain of less than eight carbon atoms. The formation of C8-PFCA is expected to be greater,
because intermediate transformation products were still observed (e.g. 26% 8:2 FTCA, 6%
8:2 fluorotelomer aldehyde (8:2 FTAL)). The authors stress that the formation of C8-PFCA is
small but significant and postulate that FTOH degradation is likely an important source of C8-
PFCA and other PFCAs in remote areas.
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The aqueous phase photo-oxidation of 8:2 FTOH in aqueous hydrogen peroxide solution,
synthetic field water, and water from Lake Ontario (Canada) was investigated by Gauthier
and *Mabury (Gauthier and Mabury, 2005). The half-lives of 8:2 FTOH were 0.83 £+ 0.20
hours (10mM H202), 38.0 £ 6.0 hours (100uM H202), 30.5 + 8.0 to 163.1 + 3.0 hours
(synthetic field water), and 93.2 £ 10.0 hours (Lake Ontario). The major products detected
in the H202 study after 10 hours were 8:2 FTCA (~60%) and C8-PFCA (~40%). During the
experiment 8:2 FTAL was observed as a short-lived intermediate that underwent further
photo-oxidation to C8-PFCA. 8:2 FTCA was shown to undergo aqueous phase photo-oxidation
leading to C8-PFCA as the major product. It therefore appears that aqueous phase photo-
oxidation of 8:2 FTOH will result in 75-100% C8-PFCA with time. In the other test systems 1-
8% (after 140-146 hours; synthetic field water) and 18% C8-PFCA (duration not specified;
Lake Ontario), respectively, were formed. Although the study is only of qualitative nature (no
rate coefficients reported), it shows that fluorotelomer alcohols and other related compounds
will undergo photo-oxidation in aqueous surface layers and in the atmospheric aqueous
phases (cloud droplets and deliquescent particles). Since the C8-PFCA yield from 8:2 FTOH
photo-oxidation is 75-100% in the aqueous phase (compared to 3-6% in the gas phase),
aqueous phase photo-oxidation may turn out to be very important in spite of the low solubility.
Any quantitative statements will require multiphase modelling.

Kudo et al. (2005) investigated the biotransformation of 8:2 FTOH in male mice dosed via
intraperitoneal injection and the diet. The C8-PFCA levels in the animals continued to rise
throughout the experiment. In the experiment where the male mice where exposed to 8:2
FTOH via the diet, the C8-PFCA levels increased in a dose- and time dependent manner. The
formation of C8-PFCA was around 10 times higher than that of C9-PFCA (Kudo et al., 2005).
Similar results were observed in a study by Martin et al. (2005) were the formation of C8-
PFCA was 10 times higher than that of C9-PFCA when measuredplasma from rats after 8:2
FTOH injection (Martin et al., 2005).

Nabb et al. (2007) investigated the in vitro metabolism of 14Clabelled 8:2 FTOH in rat, mouse,
trout and human hepatocytes, and in rat, mouse and human liver microsomes and cytosol
fractions. The 8:2 FTOH clearance rates were highest in rat, followed by mouse, humans and
lowest in trout. The yield of C8-PFCA was low. However, the author found that the 8:2 FTOH
volatilized from the aqueous fraction and into the headspace of the experimental set up and
was not available for biotransformation (Nabb et al., 2007).

In a study by Himmelstein et al. (2012) biotransformation of 8:2 FTOH in rats exposed via
inhalation was investigated. The most abundant metabolites were 7:3 FTCA> C8-PFCA >8:2
FTCA (Himmelstein et al., 2012).

Timed-pregnant CD-1 mice received a single dose of 8:2 FTOH (30 mg/kg bw) or vehicle by
gavage on gestation day 8 (GD8). During gestation (GD9 to GD18), maternal serum and liver
concentration of C8-PFCA decreased from 789 £ 41 to 668 *+ 23 ng/ml and from 673 £ 23
to 587 + 55 ng/g, respectively. C8-PFCA was transferred to the developing foetuses as early
as 24 h post-treatment with increasing concentration from 45 £ 9 ng/g (GD10) to 140 + 32
ng/g (GD18). The group of pups only exposed via lactation had a C8-PFCA concentration of
57 £ 11 ng/ml at PND3 and 58 £ 3 ng/ml at PND15. 8:2 FTOH-intermediates were not
assessed in this study (Henderson and Smith, 2007a).

In a study by D’Eon and Mabury (2007) rats exposed to two doses of 8:2 FTOH (200 mg/kg
bw) had increased concentrations of C8-PFCA in blood with a peak of 34+ 4 ng/g (D'eon and
Mabury, 2007). Nilsson et al. (2013) measured the different metabolites FTCAs and FTUCAs
of 8:2 FTOH in serum from professional skiwaxers during the skiing season in addition to
summer season without skiwaxing. Several different polyfluorinated metabolites were
detected in the serum, with C8-PFCA (median of 11 skiwaxers: 110 ng/mL) being the most
abundant. Due to the findings of FTCs and FTUCASs in skiwaxers blood after exposure to high
levels of 8:2 FTOH via air suggest metabolism of FTOH to C8-PFCA (Nilsson 