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Executive Summary

This report summarizes recent efforts by the OECD/UNEP Global PFC Group between June 2018 and
March 2021 in reviewing the universe and terminology of aed polyfluoroalkyl substances (PFASS)

to providerecommendations and practical guidance to all stalkers with regard to the terminology

of PFASs In patrticular, this report highlights (ayevised PFAS definition to comprehensively reflect

the universe of PFASs and a comprehensive overview of the PFAS universe (Chapter 2), (2) practical
guidance on bw to use the PFAS terminology (Chapter 3), (3) a systematic approach to characterization
of PFASs based on molecular strueturaitsto assist stakeholders, including rexperts, in making

their own categorization based on their needs (Chapter 4)(4arareas in relation to the PFAS
terminology that warrant further development (Chapter 5). It should be noted that this report does not
address the nomenclature and understanding of individual P#E8g]ing the sources of exposure

and the actual compitien of commercial products

PFASs comprise a class of synthetic compounds that have attracted much public attention since the late
1990s and early 2000s, when the hazards and ubiquitous occurrence of two PFASs, perfluorooctanoic
acid (PFOA) and perfluooctane sulfonic acid (PFOS), started to be reported and recognized. Since
then, research and risk management measures have expanded from these two PFASSs to a wider range
of PFASs. Early communications used many different terminologies (e-gamerpolyfuorinated
chemicals, perfluorinated organics, perfluorochemical surfactants, highly fluorinated compounds). In
2011, to unify and harmonize communication on PFASs, Buck et al. published a milestone paper,
providing a first clear structural definition oFRSs and recommendations on names and acronyms for

over 200 individual PFASSs.

Currently,there is a growing interest by regulators and scientists across the globe to assess legacy and
novel PFASs. In 2018, the OECD/UNEP Global PFC Group prepared a heff iEASs that may

have been on the global market. In total, a set of substances with over 4730 CAS numbers have been
identified, including substances that contain such fully fluorinated carbon moieties, but do not meet the
PFAS definition in Buck et al2011) due to a lack of ®CF3 group in the molecular structures. In
addition, recent advancement of Aanget screening analytical techniques using-égolution mass
spectrometry has enabled identification of many unknown substances in differenhemrital and

product samples. The identification of these substances motivates the present work to reconcile the
terminology of the universe of PFASSs, including a renewed look at the PFAS definition in Buck et al.
(2011).

It is key to have a coherent andnsistent logic behind the PFAS definition to adequately reflect all
compounds with the same structural traits, i.e. the PFAS universe. Building on the OECD 2018 PFAS
List and recent netarget screening studies, Chapter 2 first identifies four majorigapge previous

PFAS definition by Buck et al. (2011) in representing the PFAS universe. Then, Chapter 2 recommends
a revised PFAS definition, witthetailed elaboration on individual changes provided

PFASs are defined as fluorinated substarieascontain at least orfally fluorinated methyl or
methylene carbon atom (without any H/CI/Br/l atom attached to it) i.e. with a few noted
exceptions, any chemical with at least a perfluorinated methyl giidDg)(or a perfluorinated
methylene grougi CRi ) is a PFAS

The rationale behind the revision is to have a general PFAS definition that is coherent and consistent
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across compounds from the chemical structure point of view and is easily implementable for
distinguishing between PFASs and fRIRASs, also by nomxperts. The decision to broaden the
definition compared to Buck et al. is not connected to decisions on how PFASs should be grouped in
regulatory and voluntary actions. Based on the revised definition of PFASs, Chapter 2 furtheesglustrat
(1) how PFASSs fit into organofluorine compounds, (2) a comprehensive overview of PFAS groups,
their structural traits, examples and notes on whether common nomenclatures (including acronyms)
exist for them, and (3) some common synthesis routes ofetfferdividual or groups of PFASs.

As PFASs are a chemical class with diverse molecular structures and physical, chemical and biological
properties, it is highly recommended that such diversity be properly recognized and communicated in
a clear, specificrad descriptive manneF he t er m APFASs 0 ispecifiatermrwhiehd, gen
does not inform whether a compound is harmful or not, but only communicates that the compounds
under this term share the same trait for having a fully fluorinated matiméethylene carbon moiety.

In particular, Chapter 3 provides practical guidance to governments and other stakeholders on how to
use the PFAS terminology, starting from the distinction between the general definition asplacss

working scopes of PF3s. In particularthe general definition of PFASs is based on molecular structure
alone and serves as a starting and reference point to guide individual users to have a comprehensive
understanding of the PFAS universe and to keep the big picture of A& W#verse in mind. At the

same time, individual users may define their own working scope of PFASs for specific activities
according to their specific needs by combining the general definition of PFASs with additional
considerations (e.g. specific propest use areas). This report does not make any recommendation on
how working scopes should be set up, in terms of which factors to be considered (which depends highly
on specific local context), nor on PFAS grouping. However, when a working scope of RR/As8s,

this report highly recommends that users clearly provide the context and rationale for selecting their
PFAS working scope in order to provide transparency and avoid confusion by others. Further, the report
recommends$o use and build upon existimgmmon terminologies such as in this reporBuck et al.

(2011) and common practices in organic chemistry as set by IUPAC and CAS, unless it is essential to
deviate from existing naming conventions, in order to keep the consistence and coherenegASthe
terminology.

As users often define their own working scope of PFASs according to their specific needs, they need to
characterize PFASs based on-gedined traits and categorize them (e.g. whether a compound with
certain traits falls or does not ffato their working scope). However, given the high complexity and
diversity of PFASSs, it can be a challenging task to characterize and categorize PFASs based on chemical
structures in a coherent and consistent manner, particularly feexpants. In adtion, different users

may have very different needs, and there is no single categorization/grouping teggtean meet all

needs. Therefore, Chapter 4 provides a standardized approach for systematic characterization of
different PFASs based on molecudructural traits that will allow stakeholders to make their own
categorization in a coherent and consistent manner. In addition to the manual application of the system
to characterize and categorize PFASs, the elements presented here may also bénpsési fas
developing cheminformatic tools that would allow automated characterization and categorization of
PFASs.

While this report makes advancement on several important points regarding PFAS terminology and
practical guidance of how to use the PFABniaology, Chapter 5 also recognizes four areas that
warrant further work, in order to facilitate clear and unambiguous communication of PFASs and
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beyond: (1) a centralized PFAS nomenclature database/platform; (2) further development of
cheminformaticshased tools for automated systematic characterizing and categorizing PFASSs; (3)
further work on the characterization and reporting of polymers; and (4) work on organofluorine

compounds other than PFASs including many fluorinated aromatics.
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Li st of Acronyms

ADONA Ammonium 4,8dioxa3H-perfluorononanoate
Br Bromine atom

CAS Chemical Abstracts Service

CAS Nos. Chemical Abstracts Service registry numbers
Cl Chlorine atom

CTFE Chlorotrifluoroethylene

ECHA European Chemicals Agency

ETFE Ethylenetetrafluoroethylene copolymer

EU European Union

FASAs Perfluoroalkane sulfonamides

FASEs Perfluoroalkane sulfonamidoethanols

FEP Fluorinated ethylene propylene-polymer
FPs Fluoropolymers

FTABs Fluorotelomer sulfonamide alkylbetaines
FTEOs Fluorotelomer ethoxylates

FTIs Fluorotelomer iodides

FT(MA)ACs Fluorotelomer (meth)acrylates

FTOs Fluorotelomer olefins

FTOHs Fluorotelomer alcohols

FTSAs Fluorotelomer sulfonic acids

HFCs Hydrofluorocarbons

HFEs Hydrofluoroethers

HFOs Hydrofluoroolefins

HFP Hexafluoropropylene

HFPO Hexafluoropropylene oxide

HFPGDA Hexafluoropropylene oxide dimer acid

H Hydrogen atom

I lodine atom

ICCM International Conference on Chemicals Management
InChl International chemical identifier

InChlKey A hashed version of the full InChl

ITRC Interstate Technology & Regulatory Council in the United States
IUPAC International Union of Pure and Applied Chemistry

OBS Sodiump-perfluorous noenoxybenzenesulfonate

OECD Organisation for Economic Gaperaton and Development
PACFs Perfluoroalkanoyl fluorides
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PASFs
PCTFE
PFA
PFAAs
PFAls
PFASs
PFCAs
PFdiCAs
PFdiSAs
PFECAs
PFEI
PFESAs
PFHxS
PFOA
PFOS
PFPAs
PFPEs
PFPIAs
PFSAs
PFSIAs
PolyFCAs
PolyECAs
PolyESAs
POPs
POSF
PPVE
PTFE
PVDF
PVF
REACH
SaMPAPs
SFAs
SMILES
TFE
THV
UNEP
VDF
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Perfluoroalkane sulfonyl fluorides
Polychlorotrifluoroethylene

Perfluoroalkoxyl polymer

Perfluoroalkyl acids

Perfluoroalkyl iodides

Per and polyfluoroalkyl subsinces

Perfluoroalkyl carboxylic acids

Perfluoroalkyl dicarboxylic acids

Perfluoroalkane disulfonic acids
Perfluoroalkylether carboxylic acids
Perfluoroethyl iodide

Perfluoroalkylether sulfonic acids
Perfluorohexane sulfonic acid

Perfluorooctanoic acid

Perfluorooctane sulfonic acid

Perfluoroalkyl phosphonic acids
Perfluoropolyethers

Perfluoroalkyl phosphinic acids

Perfluoroalkane sulfonic acids

Perfluoralkane sulfinic acids

Polyfluoroalkyl carboxylic acids
Polyfluoroalkylether carboxylic acids
Polyfluoroalkylether sulfonic acids

Persistent Organic Pollutants

Perfluoroctane sulfonyl fluoride
Perfluoropropylviny ether

Polytetrafluoroethylene

Polyvinylidene fluoride

Polyvinyl fluoride

Registration, Evaluation, Authorisation and Restriction of Chemicals (EC 1907/2006)
Perfluorooctane sulfonamidoethanol phosphate esters
Semifluwrinated alkanes

Simplified molecular input line entry specification
Tetrafluoroethylene

Terpolymer of tetrafluoroethylene, hexafluoropropylene and vinylidene fluoride
United Nations Environment Programme

Vinylidene fluoride
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l.Backgrmathidyvamngl onp e

The OECD/UNEP Global PP@Group was established to respond to the Resolution I1/5

adopted at the second session of the UN International Conference on Chemicals
Management (ICCM 2) in 2009, which calls upon intergovernmental organizations,
governments and ot lider thesdeveldpmény fadlimtios and o fAc on
promotion in an open, transparent and inclusive manner of national and international
stewardship programmes and regulatory approaches to reduce emissions and the content

of relevant perfluorinated chemicals of conter products and to work toward global
elimination, where appropriate and technical/l
was reaffirmed in Resolution I11/3 adopted at ICCM 3 in 2012 noting that a significant

need remains for additional work to g@pt implementation of Resolution 11/5. This

report is prepared within the framework of the Group. For more details on the Group

and its work, see the OECD PFAS web portal (htips.¢d/2M9.

This report summarizes recent efforts by the OECD/UNEP Global PFC Group between
June 2018 and March 2021 in reviewing the universe and terminology -o&mmebr
polyfluoroalkyl substances (PFA%sto provide recommndations and practical
guidance to all stakeholders (governments, industry, academia, civil society
organizations, etc.) regarding the terminology of PFASs. In particular, this report
highlights (1)a revised PFAS definition to comprehensively reflect timverse of
PFASs and a comprehensive overview of the PFAS universe (Chapter 2), (2) a practical
guidance on how to use the PFAS terminology, feayeneral PFAS definition to user
specific working scopes to naming conventions of individual PFASs (Cha)pt&) a
systematic approach to characterization of PFASs based on molecular structural traits
to assist stakeholders, including rexperts, in making their own categorization based

on their needs (Chapter 4), and (4) areas in relation to the PFASdtvgyi that
warrant future work (Chapter 5). It should be noted that this report does not address the
nomenclature and understanding of individual PFASSs, including the sources of exposure
and the actual composition of commercial products. It also doesaddrtess
organofluorine compounds other than PFASSs.

PFASs comprise a class of synthetic compounds that have attracted much public
attention since the late 1990s and early 2000s, when the hazards and ubiquitous
occurrence of two PFASSs, perfluorooctanoidd&@FOA) and perfluorooctane sulfonic

acid (PFOS), started to be reported and recognized. Since then, research and risk
management measures have expanded from these two PFASSs to a wider range of PFASs
[e. g. 3M6s v ol-aunhof Gk perflupmatkane dulforpchacids @PFSAS),
PFOA and related chemistries in 20Q002]. It is noted that early communications

lI1RPFCs0 hereandfeol ybl dpernated chemical so, and not
ipearnd polyfluorinated chemical so6 wa s and polyflaaroalkylc o mmo n |
substanceso0 was r e cAshtispant df¢hd Group offigial nakne, & temams$ unchanged.

This report uses t h-nacrpodywym! uPHFA%d &k yflo rs utbpsetrances o a
and its corresponding singul ar breolyfluorbaik@ guSstance. Eifer s t o
noted that there is a notion of wusing APFASO as the
does not make any recommendation to address this notion, as it is a trivial point that is difficultyfonever

comprehend, particularly for ndPFAS experts and neBnglish native speakers. While recognizing that readers

may make their own decision which acronym they would use, this report encourages readers to always use the
acronym consistently in theiroduments (for more details on practice guidance on how to identify and use the

PFAS terminology, see Section 3.2 below).
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used many different terminologies (e.g. peand polyfluorinated chemicals,
perfluorinated organics, perfluorochemical surfactants, hightyifiated compounds).

In 2011, to unify and harmonize communication on PFASs, Buck et al. published a
milestone paper on a first comprehensive overview of PFASs detected in the
environment, wildlife, and humans. It provided a first clear structural defintf
PFASs. A particular emphasis of Buck et al. (2011) was placed onclaig
perfluoroalkyl acids [PFAAs, i.e., perfluoroalkyl carboxylic acids (PFCASs) with seven
or more perfluorinated carbons and PFSAs with six or more perfluorinated cdrbons]
sulstances related to the lowobain PFAAS, and substances intended as alternatives to
the longchain PFAAs or their precursdrdn addition, Buck et al. (2011) provided a

list of 42 families and subfamiligef PFASs and 268 selected individual compounds,
including recommended names and acronyms, structural formulas, and Chemical
Abstracts Service registry numbers (CAS Nos.).

Today, several longhain PFAAs have been recognized as global contaminants of high
concern. For example, PFOS, its salts, and pmdhctane sulfonyl fluoride (POSE

as well as PFOA, its salts, and PFR@fated compounds have been listed under the
Stockholm Convention on Persistent Organic Pollutants (POPs) for global actions. In
addition, the POPs Review Committee to the Stocki@dmvention decided in 2019 to
recommend that the Conference of the Parties to the Stockholm Convention consider
listing perfluorohexane sulfonic acid (PFHxS, RFSA), its salts and PFHxS8lated
compounds at its tenth meeting. In response to these actioimglustrial transition has
taken place to replace lomfpain PFAAs and their precursors with alternative
chemicals, many of which are still PFASs, including slebdin PFAAs and their
precursors as well as perfluoroalkyletib@sed substances (for exales, see Buck et

al., 2011, Wang et al., 2013, 2016 and references therein). It is noted that there is a
growing interest by regulatdrand scientists across the globe to assess legacy and novel
PFASs other than loaghain PFAAs and their weknown preursors.

In particular, various efforts have been made to identify overlooked PFASs. In 2018,
the OECD/UNEP Global PFC Group prepared a new list of PEASsmay have been

35 Not e t hat t he deelfd inn t iPdFM A sod idroeng i s based on I

(https://www.oecd.org/chemicalsdy/portatperfluorinatedchemicals/aboutpfags/ and the definitions of
il ecnhgai n PFAAsO may differ by jurisdiction.

4 PFAA precursors refer to chemicals that can transform and form PFAAs in the environment and biota.

SNote that in the |l iteratur e, some authors have used

instead of fAf ami |l i es doasndtprepode & remtadonomystearminolddy forsPFASSs, pub r t
makes some practical guidance on how to use taxonomy terminologies (see Chapter 3 below).

Note that the acronym APOSFO here is used in accord:
whereas under the Stockholm Conventi on, another acron

" For example, five European Union (EU) member states have agreed to prepare a joint REACH restriction
proposal to limit the risks to the environment and human health from the roamafand use of a wide range

of PFASSs, and thus launched a public call for evidence in May 2020 with regard to substances that contain at
least one aliphatitCF,i ori CF, element. For more details, se#ps://echa.europa.eu/Rot

topics/perfluoroalkyichemicalspfas In addition, multiple PFASs other than leobain PFAAs and their
precursors are |listed in ECHAG6s Public ACcCAliEWI ti es
member states (https://echa.europa.eu/pact).

8 The Excel Spreadsheet version of the OECD 2018 PFAS list can be found at
https://www.oecd.org/chemicalsafety/riskanagement/globalatabasef-perandpolyfluoroalkyl

substances.xls®¥n addition, several other entities have curated the OECD 2018 PFAS list into their databases,
with features such as an easier overview of chahstructures and links to other information, including the US
EPA CompTox Chemicals Dashboardhttps://comptox.epa.gov/dashboard/chemical lists/PEASQECD
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on the global market using a systematic search of substances thatit@yeg (n
O03)iCeFPiOCmF2mi (n and m O1) moiety in different p
In total, a set of substances with over 4730 CAS Nos. have been identified, including
substances that contain fully fluorinated carbon moieties and are structuralgyr $amil

or related to commonly known PFASs [e.g. perfluoroalkyl dicarboxylic acids
(PFdiCAs) to PFCAs], but do not meet the PFAS definition in Buck et al. (2011) due to
a lack of ai CF3 group in the molecular structures (for more details, see Section 2.2).
Meanwhile, recent advancement of #target screening analytical techniques using
high-resolution mass spectrometry has enabled identification of many unknown
substances in different environmental and product samples [&(EFPCH)Ni
CF2COOH by Newton etla(2017)].

The identification of overlooked PFASs motivates the present work to reconcile the
terminology of the universe of PFASSs, including a renewed look at the PFAS definition
in Buck et al. (2011) (see Chapter 2). In light of these newly idensfibdtances and
building on existing common terminology provided in Buck et al. (2011), this report
and others, this report also looks into practical guidance on how to use the PFAS
terminology, including uses of usspecific working scopes (see Chapter B)
addition, the OECD 2018 PFAS List and recent-tavget screening studies show the
complexity and diversity of the PFAS universe, resulting in challenges feexuerts

in conducting their own categorization of PFASs based on molecular structures.
Therefore, this report also looks ingystematic approaches to characterization and
categorization of PFASSs to assist stakeholders in making their own categorization based
on their needs (see Chapter 4). Further, this report highlights open guestioatidn rel

to PFAS terminology for future consideration (see Chapter 5).

NORMAN Network https://www.normametwork.com/?g=suspetist-exchange and PubChem
(https://pubchem.ncbi.nim.nih.gov/classification/#hid=101

In addition, the US EPA CompTox Chemicals Dashboard also provides a number of other PFAS lists intended
to address different research and regulatory interests, including PFASSTRUCT that is compiled from all the
records with a structure assigd in the Dashboard using a fulefined set of substructural filters and contains

over 8000 compounds, as of 23 November, 2020 (for more details including the list of substructural filters, see
https://comptox.epa.gov/dashboard/chemical_lists/PEFASSTRU®Gte that these lists may also include
substances that are not regarded as PFASs in accordance with the revised PFAS definition below.
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2Recondielrimhngofl otglye Uni ver se of PF

2.1.The previous PFAS definition in Buck et al. (2011)

In Buck et al. (2011)PFASs were defined agi t Inighly fluorinated aliphatic
substanceghat contairll or more C atomson which all the H substituents (present in
the nonfluorinated analogues from which they are notionally derived) have been
replaced by F atoms, in such a manner that they contain the perfluoroalkyl moiety
CiFonsiO( 1 . €. mu st c g.mhealéfinitiorahighlights the gresande bf at
least one fully fluorinated saturated carbon atom in the PFAS molecules.

2.2.Gaps in the previous PFAS definition by Buck et al. (2011)

It is key to have a coherent and consistegic behind the PFAS definition to reflect

all compounds with shared structural traits, i.e. the PFAS universe. Building on the
OECD 2018 PFAS List and recent ntamget screening studies, this section identifies
gaps in the previous PFAS definition Buck et al. (2011) in representing the PFAS
universe. Note that the gaps identified in this report are not exhaustive and additional
gaps in the PFAS definition may be identified in the future; therefore, an iterative
approach is guaranteed to ensure ¢basistency between the PFAS universe and
terminology when new knowledge of gaps in the PFAS definition is generated.

Case 1:The fully fluorinated saturated carbon mofety connected with functional groups on both
ends, including having a single H/Br/Cl atom on one end. As such, it does not meet the structural
requirement ofii CnF20+10 in the previous definition. In the example of al in Figure 1, it is a PFdiCA
with a similar structure to PFCAs (e.g. PFOA in the example of A in Figure 1), but having carboxylic
groups on both ends of the perfluoroalkanediyl moiety. In addition, for the example of a2 in Figure 1,
it would meet the previous definition if the H atom was mot@d secondary carbon atom (i.e.
CRCFHCRCRCF.CRCFRCOOH, a positional isomer).

F F F F F F Q Q F F F F F F F F F F 9
F OH F
F H
F F F F F F F F F F F g F F F F F F F
A. PFOA, CAS No. 335-67-1 al. CAS No. 336-08-3 a2. CAS No. 13973-14-3
Figurel. PFOA and examples of substances with similar molecular structures, but having functional
groups (including single atoms such as hydrogenfoth endof the perfluoroalkanediyl moiety.
Furthermore functionalized fluoropolymers and perfluoropolyetiggge. those that

have functional groups on both ends of the polymer backbone, e.g. Fomblin HC/P2
10003%) do not meet the structural requirementiioE,F2n+10 in the previous definition

Note that a fisat umsanandaturated bor@siocaurdng i thg moiety,enaluding double
bond (=), triple bond (l) or aromatic rings, and thus

WAccording to Buck e tarbanonly,polymér backbangvithl Fydineetly attached &0 i
backbone C atomso, wheethepso | parefrl barckpmlnyee twh e rhs Fa raeg ofim
(i.e. havingi Ci Oi Ci moieties on the polymer backbone).

11 (HO)(O)PQ (CH2CH0)ni CHCR:i (OCR)pl (OCRCR,)4i OCRCHai (OCHCHy)ni OP(O)(OHY; Trier X,
Granby K, Christensen JH. Polyfluorinated surfactants (PFS) in paper and board coatings for food
packagingEnviron Sci Pollut Res In2011;18(7):110&8120. doi:10.1007/s1135&10-04393
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whereas their closely related analogues with only fluorine atoms on each end of the
polymer backbone would meet the prevideaginition.

Case 2:The substance is a fullyuorinated aliphatic cyclic compound which may or may not have a
fully fluorinated alkyl side chain. As such, it may not meet the structural requirem@nC ¥ 2+10 in
the previous definition. For example, bl in Figure 2 meets the previous definitiergasghits shorter

chain homologue, b2 in Figure 2, does not meet the previous definition.

F F F R F R F o\
F. oH
\

F N\

[¢]

F
F F F F

F F F F F F F F

B. PFOS, CAS No. 1763-23-1 b1. CAS No. 646-83-3
Figure2. PFOS, an example of a cyclic PFSA, and a shatiam homologue of the cyclic PFSA

b2. CAS No. 2106-55-0

Case 3:The functional group contains an aromatic ring. Thus, it may not meet thdadiphatic
substancee i n the previous definition, although the

fluorotelomer iodide, i.e. a 6:2 fluorotelordeaised compound.

F F F F F

cl. CAS No. 36055-76-0

F F F F F F

C. 62 FTOH, CAS No. 647-42-7
Figure3. 6:2 FTOH, and a 6:2 fluorotelomer iodide derivative with one aromatic ring in the functional group

Case4The description Ahighly fluorinatedod in the

term. It canno&ind should not be literally translated to, e.g., the weight percentage of fluorine atoms in
the molecules, using three 6:2 fluorotelorhased compounds as an example (see Figure 4):

T CeF13CoH4OH (6:2 FTOH; CAS No. 6442-7) has a fluorine content of 67/48%,
1 CeF13CHsSONHC3HeN(O)(CHg), used in Forafac® 1183 (CAS No. 804387) has a

fluorine content of 46.7 wt%, and
1 6:2 fluorotelomer ethoxylates §Eisi (CH.CH:O)iH, n = Q'13] in a commercial product

(Frémel and Knepper, 2010) would have even lower fluorine content when n>4.

But they are all 6:2 fluorotelomdrased compounds and may act as precursors to
perfluorohexanoic acid (PFHxA) in the environment and biota.

CHy

F FR F R F F F F R F e} H |/°
F. F N NE
OH \\3/ SN ok,
F F N\
o
3

F F F F F F F F F F F

6:2 FTOH, CAS No. 647-42-7, F(mass%) = 67.8% CAS No. 80475-32-7, F(mass%) = 46.7%

F FE F FE F
3
o\/\/\/o\/\/\/m

(e} o

E

F F F F F F
CAS No. 1663471-34-8, F(mass%) = 45.7%
Figure4. 6:2 FTOH and two 6:2 fluorotelomer derivatives, and their corresponding fluorine contents
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2.3. A revised PFAS definition

Therefore, there is a need to revisit the previous definition in Buck et al. (2011) to
address theseags (i.e. the previous definition was not comprehensive enough and
contained ambiguous descriptions). A clear distinction of the logical relationship needs
to be made here: the intention of the revision of the PFAS definition is not to expand
the PFAS unierse, but to comprehensively reflect it. More concretely, the rationale
behind the revision is to have a general PFAS definition that is coherent and consistent
across compounds from the chemical structure point of view and is easily
implementable for digtguishing between PFASs and ABRASS, also by neaxperts.

This revised PFAS definitionreads,

PFASs are defined as fluorinated substaribas contain at least orfally fluorinated methyl or
methylene carbon atom (without any H/CI/Br/l atom attacked to it), i.e. with a few noted
exceptions, any chemical with at least a perfluorinated methyl gridQps)( or a perfluorinated
methylene groupi CFi) is a PFAS

Both a perfluorinated methyl group and a perfluorinated methylene group are saturated

andaliphatic. Note that the carbon in #&i Oi orRiCRiSiigr oup (R | H/ Cl [/ Br |/
is a perfluorinated methylene carbon. A perfluorinated methylene group may also be
representoed whserfie>diF>0 denotes two single bond
that is bound to the rest of the molecule by a double bond is a perfluorinatedidestayl

carbon atom (=C#. This distinction is important. Furthea, perfluorinated methine

carbon moiety (>CF alone does not meetistrevised PFAS definition.

It should be nted that tis general PFAS definition is based only on chemical structure,
and the decision to broadenistidefinition compared to Buck et al. (2011) is not
connected to decisions on how PFASs should be grouped and managed in regulatory
and voluntary acties. For further practical guidance on how to useghneral PFAS
definition, see Section 3.1.

Figure 5 illustrates substances that are PFASs, and Figure 6 shows those that are not
PFASSs. Note that tetrafluoroethylene (TFE, CAS No-148, CRL=CF,) is not a PFAS

as both fully fluorinated carbon atoms are unsaturated; its laigén homologue
hexafluoropropylene (HFP, CAS No. t16-4, CR=CFi CF;) is a PFAS due to the
presence of a fully fluorinated methyl carbon a(®d@Fs;).

Unclassified
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FF FF FF FF o EF
OH
N\~ .
F N\
° F
E FF

FF FF FF FF
PFOS CAS No. 1763-23-1 1,1,2,2,3,3,3-heptafluoropropylk
CAS No. 378-98-3

1,2,2,3,3,4,4,5,5,6,6-undecafluorocyclot 1-sulfonic acid
CAS No. 2106-55-

FF FF FF F
F F
F F. F F F
FF FF F F F F F F F
F F F F F F

perfluorohexane, CAS No. 355-42-0 HFP, CAS No. 116-15-4

CAS No. 13846-22-5

o F F F
F OH " N F—'—F ‘%
N 4 n
N/ AN F F F

CAS No. 75-73-0 PTFE
0 cl

F — F
CAS No. 24210-45-5 H,N //S%F
F

Fipronil, CAS No. 120068-37-3 o

E F
E
F, o (o] F
O\\ OH F%—o nE
s/ F F F
F
. \\ F F F
o \ an example of perfluoropolyethers
F F

HFO-1234ze, CAS No. 20118-24-9 TFJ
CcH
o SR,
CH,
; (en), (),
F. 0o [e)
F | . |
T—O TZO CI\ /CI
F F CH—CH, CH—CHzHc——-GHZJ»
CAS No. 271794-15-1 @ b ¢
CAS No. 434-64-0 an example of side-chain fluorinated polymers

F

F F F F F
F
O\/\ /\/0\/\ /\/OH
F (0] (0]
F F F F F F

an example of 6:2 fluorotelomer ethoxylates, CAS No. 1663471-34-8
Figure5. Examples of PFASs. The fully fluorinated methyl or methylene carbon atoms are highlighted in red.
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F

Cl (o}
F F
. . = = . = e F 4’7 I3 W
F F
F F F F F
CAS No. 771-56-2 CAS No. 685-63-2 TFE, CAS No. 116-14-3 CAS No. 75-72-9 CAS No. 6060-91-9
F (0]
Br |
F HO
)\/@ o > " i
N F F
F 0 F F N F F F
CAS No. 405-42-5 CAS No. 685-64-3 CAS No. 75-10-5 CAS No. 75-63-8 CAS No. 2314-97-8
F
F
F
%CHz—CHF% F /Y
n
trifluoromethane
CAS No. 455-31-2 PVF CAS No. 75-46-7

Figure6. Examples of compounds that are not PFASs due to a lack of fully fluorinated methyl or
methykene carbon atoms.

Therationale for making such changssletailed as follows.

T Change from Ahighly fluorinated alipthaati c su
contain at least one fully fluorinated methyl or methylene carbon atom (without any
H/CI/Br/l atom attached to it) 0 :

First, the qualifier Ahighlyd is removed fro
fluorinated carbon chain can cleave from the substance to produce a new molecule that is more
highly fluorinated [see Sectiohih FOEN (2017) and references therein].

Second, the term fAaliphaticdo is removed from
aromatic ring(s) may be present as a part of the functional group connecting to a fully
fluorinated methyl or methylengarbon moiety. Using the previous definition by Buck et al.

(2011), such compounds would not be recognized as PFASs, whereas compounds with similar
structures but without aromatic ring(s) are recognized as PFASs. This may easily create
confusion as to whea substance is or is not a PFAS, patrticularly for-experts. The change

of wording here is also to make the definition more straightforward. At the same time, the new
wording Asubstances that cont ai n |end cabore a st on
at omo me anewsedtdéfiaition ig stillicanstrained to the key trait of having an aliphatic

fully fluorinated saturated carbon moiety and excluding those fluorinated aromatics that only

have fluorine directly attached to the aromatic rir@gerall, ths revised definition includes

sidechain fluorinated aromatics [i.e. aromatics that have one or more aliphatic fully fluorinated
saturated carbon moiety on the side chain(s) attached to the aromatic ring(s), an analogy to

fi s iclam fluorinated p o | ¥ asénrBeck et al. 2011] as PFASS; for examples, see c1 in

Figure 3 and Figure 7 below.

2 |n Buck et al.(2011), sidechain fluoi nat ed pol ymers are defined as fAnonf
fluorinated side chainsbo.
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F F

CAS No. 89780-02-9
Figure7. An example of sidehain fluorinated aromatics

T Change from At he pesFifadou otrawlendt lone Ifully Mworinatedy C
met hyl or methyl ene carbon atom (without any

This change is to accommodate those that have functional groups on bethf &mal fully
fluorinated saturated carbon moieties (Case 1) and thashave cyclic structure(s) at the end
of the fully fluorinated saturated carbon moieties (Case 2).

In addition, two more specific descriptions are made here to make the definition clearer. First,

the term fAmet hyl or me tdesgribetmedullydlwonnatedsatueated mo i s
carbon moiety, which was not clear from the
on which al/l the H substituents €& have been
menti oned i n t hlea nhensrahatithey dordam thé perfluomalkgl moiety

CiF2n+1i O . Second, adding fAwithout any H/CIl/ Br/ |
carbon atom is considered nfully fluorinated, when a H/CI/Br/l atom is attached to it.

2.4. A comprehensiveoverview of the PFASuniverse

Based on tis revised definition of PFASSs, a first scheme can be drawn to illustrate how
PFASs fit into organofluorine compounds (see Figure 8). It can be seen that besides
PFASs, there are many other organofluorine compoundhyding (1) fluorinated
aliphatic substances that do not have a fully fluorinated methyl or methylene carbon
atom [e.g. trifluoromethane (HFEZ3) and difluoromethane (HF82)], (2) fluorinated
aromatic substances with no side chain(s) (e.g. hexafluoraienZ&AS No. 3956-

3), and (3) fluorinated aromatic substances with-thaorinated side chain(s) (e.g.
pentafluorobenzoic acid, CAS No. 602-8). These other organofluorine compounds
are beyond the scope of this report, and future work on them is egedura

Looking at the PFAS universe, it is a highly complex chemical class with compounds
having diverse functional groups attached to the fully fluorinated saturated carbon
moietyfies. Figure 9 provides a comprehensive overview of PFAS groups, their
strudural traits, examples and notes on whether common nomenclatures (including
acronyms) exist for them, building on Buck et al. (2011) and the OECD 2018 List.
Figure 10 illustrates some common synthesis routes of different individual or groups of
PFASs basedn publicly accessible sourcels should be noted that, while Figures 9
and 10 aim to be comprehensive, they are by no means exhaustive. For more information
on individual PFAS groups (e.g. major compounds in the group, synthesis routes, major
uses, regatory status, environmental occurrence, etc.), readers may consult the PFAS
Fact Cards published on the OECD PFAS Web portal:
https://www.oecd.org/chemicalsafety/porparfluorinatedchemicals/
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other fluorinated ALIPHATIC
substances that do not have a fully fluorinated
methyl or methylene carbon atom

fluorinated ALUIPHATIC
substances

organofluorine
compounds

fluorinated ALIPHATIC substances that have a
fully fluorinated methyl or methylene carbon atom

£~ ™\, HFC-32*,CASNo.75-10-5

.
F/t HFC-23*, CASNo. 75-46-7

Cl

R12*,CASNo. 75-71-8

Per- and Polyfluoroalkyl Substances (PFASs) )

fluorinated ARODMATIC
substances

non-fluorinated AROMATICring(s)
with
fluorinated ALUPHATICside-chain(s) that have a
fully fluorinated methyl or methylene carbon atom

fluorinated AROMATICring(s)
with
fluorinated ALUPHATICside chain(s) that have a
fully fluorinated methyl or methylene carbon atom

(non-)fluorinated AROMATICring(s)
with
fluorinated ALIPHATIC side chain(s) that do NOT have a
fully fluorinated methyl or methylene carbon atom

fluorinated AROMATICring(s)
with
non-fluorinated ALUPHATIC side chain(s)

fluorinated ARODMATIC substances
without
aside chain

[:j Substances that are not PFASs and are not addressed in thisreport

{ eg.R CF 0r R G Ryl RONGL

(for examples, see Figure 5above)

J

F>‘)$(©
F ¢  CASNo.378-98-3
.

CASNo. 434-64-0

GASNO 458-87-7 F

ﬁjﬁ\msm 602-94-8

*HFC-32, HFC-23and R 12 are not PFASs, despite the presence of moietiessuch as1 CRi or T CF;, because not all H on the fluorinated carbon atom are replaced by F

i.e.,they do not have a fully fluorinated carbon atom.

Figure8. Anillustrative scheme of how PFASs fit into the universe of organofluorine compounds
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Figure9. A comprehensiveverview of PFAS groups, their structural traits, examples and notes on wtmttespondingommon nomenclatures (ingling acronyms)
exist
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