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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 

distinguishing between PFASs and non-PFASs, also by non-experts. 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 further illustrates 

(1) how PFASs 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 of different individual 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, specific and descriptive manner. The term ñPFASsò is a broad, general, non-specific term, which 

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 methyl or methylene 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 and user-specific 

working scopes of PFASs. In particular, the 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 the PFAS universe 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 properties, 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 PFASs is used, 

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 to use and build upon existing common terminologies such as in this report, in Buck 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 coherence of the PFAS 

terminology.  

As users often define their own working scope of PFASs according to their specific needs, they need 

to characterize PFASs based on pre-defined traits and categorize them (e.g. whether a compound with 

certain traits falls or does not fall into their working scope). However, given the high complexity and 

diversity of PFASs, it can be a challenging task to characterize and categorize PFASs based on 

chemical structures in a coherent and consistent manner, particularly for non-experts. In addition, 

different users may have very different needs, and there is no single categorization/grouping system 

that can meet all needs. Therefore, Chapter 4 provides a standardized approach for systematic 

characterization of different PFASs based on molecular structural 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 

be used as inputs for developing cheminformatic tools that would allow automated characterization and 

categorization of PFASs.  

PFASs are defined as fluorinated substances that contain at least one fully fluorinated methyl or 

methylene carbon atom (without any H/Cl/Br/I atom attached to it), i.e. with a few noted 

exceptions, any chemical with at least a perfluorinated methyl group (ïCF3) or a perfluorinated 

methylene group (ïCF2ï) is a PFAS. 
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While this report makes advancement on several important points regarding PFAS terminology and 

practical guidance of how to use the PFAS terminology, Chapter 5 also recognizes four areas that 

warrant further work, in order to facilitate clear and unambiguous communication of PFASs and beyond: 

(1) a centralized PFAS nomenclature database/platform; (2) further development of cheminformatics-

based tools for automated systematic characterizing and categorizing PFASs; (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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List of Acronyms 

ADONA  Ammonium 4,8-dioxa-3H-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  Ethylene-tetrafluoroethylene copolymer 

EU  European Union 

FASAs  Perfluoroalkane sulfonamides 

FASEs  Perfluoroalkane sulfonamidoethanols 

FEP  Fluorinated ethylene propylene co-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 

HFPO-DA Hexafluoropropylene oxide dimer acid 

H  Hydrogen atom 

I  Iodine atom 

ICCM  International Conference on Chemicals Management 

InChI  International chemical identifier 
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InChIKey A hashed version of the full InChI 

ITRC  Interstate Technology & Regulatory Council in the United States 

IUPAC  International Union of Pure and Applied Chemistry 

OBS  Sodium p-perfluorous noenoxybenzenesulfonate 

OECD  Organisation for Economic Co-operation and Development 

PACFs  Perfluoroalkanoyl fluorides 

PASFs  Perfluoroalkane sulfonyl fluorides 

PCTFE  Polychlorotrifluoroethylene 

PFA  Perfluoroalkoxyl polymer 

PFAAs  Perfluoroalkyl acids 

PFAIs  Perfluoroalkyl iodides 

PFASs  Per- and polyfluoroalkyl substances  

PFCAs  Perfluoroalkyl carboxylic acids 

PFdiCAs Perfluoroalkyl dicarboxylic acids 

PFdiSAs Perfluoroalkane disulfonic acids 

PFECAs Perfluoroalkylether carboxylic acids  

PFEI  Perfluoroethyl iodide 

PFESAs Perfluoroalkylether sulfonic acids 

PFHxS  Perfluorohexane sulfonic acid 

PFOA  Perfluorooctanoic acid 

PFOS  Perfluorooctane sulfonic acid 

PFPAs  Perfluoroalkyl phosphonic acids 

PFPEs  Perfluoropolyethers 

PFPIAs  Perfluoroalkyl phosphinic acids 

PFSAs  Perfluoroalkane sulfonic acids 

PFSIAs  Perfluoroalkane sulfinic acids 

PolyFCAs Polyfluoroalkyl carboxylic acids 

PolyECAs Polyfluoroalkylether carboxylic acids 

PolyESAs Polyfluoroalkylether sulfonic acids 

POPs  Persistent Organic Pollutants 

POSF  Perfluoroctane sulfonyl fluoride 

PPVE  Perfluoropropylvinyl ether 

PTFE  Polytetrafluoroethylene 

PVDF  Polyvinylidene fluoride 

PVF  Polyvinyl fluoride 

REACH  Registration, Evaluation, Authorisation and Restriction of Chemicals (EC 1907/2006) 

SaMPAPs Perfluorooctane sulfonamidoethanol phosphate esters 

SFAs  Semifluorinated alkanes 
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SMILES Simplified molecular input line entry specification 

TFE  Tetrafluoroethylene 

THV  Terpolymer of tetrafluoroethylene, hexafluoropropylene and vinylidene fluoride 

UNEP  United Nations Environment Programme 

VDF  Vinylidene fluoride 
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The OECD/UNEP Global PFC1 Group was established to respond to the Resolution II/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 other stakeholders to ñconsider the 

development, facilitation and 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 concern in products and to work toward global elimination, where 

appropriate and technically feasibleò. Further work on this resolution was reaffirmed in Resolution III/3 

adopted at ICCM 3 in 2012 noting that a significant need remains for additional work to support 

implementation of Resolution II/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 (https://oe.cd/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 of per- and polyfluoroalkyl substances (PFASs2) to 

provide recommendations 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 the universe of PFASs and a comprehensive overview 

of the PFAS universe (Chapter 2), (2) a practical guidance on how to use the PFAS terminology, from a 

general PFAS definition to user-specific working scopes to naming conventions of individual PFASs 

(Chapter 3), (3) a systematic approach to characterization of PFASs based on molecular structural traits 

to assist stakeholders, including non-experts, in making their own categorization based on their needs 

(Chapter 4), and (4) areas in relation to the PFAS terminology that warrant future work (Chapter 5). It 

should be noted that this report does not address the nomenclature and understanding of individual PFASs, 

including the sources of exposure and the actual composition of commercial products. It also does not 

address organofluorine compounds other than PFASs.  

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 perfluorooctane sulfonic acid (PFOS), started to be reported and recognized. Since then, 

research and risk management measures have expanded from these two PFASs to a wider range of 

PFASs [e.g. 3Môs voluntary global phase-out of C6ï10 perfluoroalkane sulfonic acids (PFSAs), PFOA and 

related chemistries in 2000ï2002]. It is noted that early communications used many different terminologies 

(e.g. per- and polyfluorinated chemicals, perfluorinated organics, perfluorochemical surfactants, highly 

fluorinated 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 definition of PFASs. A particular emphasis of Buck et al. (2011) was placed on long-

chain perfluoroalkyl acids [PFAAs, i.e., perfluoroalkyl carboxylic acids (PFCAs) with seven or more 

perfluorinated carbons and PFSAs with six or more perfluorinated carbons]3, substances related to the 

long-chain PFAAs, and substances intended as alternatives to the long-chain PFAAs or their precursors4. 

Chapter 1.  Background, motivation and 

scope  

https://oe.cd/2M9
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In addition, Buck et al. (2011) provided a list of 42 families and subfamilies5 of PFASs and 268 selected 

individual compounds, including recommended names and acronyms, structural formulas, and Chemical 

Abstracts Service registry numbers (CAS Nos.).  

Today, several long-chain PFAAs have been recognized as global contaminants of high concern. For 

example, PFOS, its salts, and perfluorooctane sulfonyl fluoride (POSF6), as well as PFOA, its salts, and 

PFOA-related compounds have been listed under the Stockholm Convention on Persistent Organic 

Pollutants (POPs) for global actions. In addition, the POPs Review Committee to the Stockholm 

Convention decided in 2019 to recommend that the Conference of the Parties to the Stockholm Convention 

consider listing perfluorohexane sulfonic acid (PFHxS, C6 PFSA), its salts and PFHxS-related compounds 

at its tenth meeting. In response to these actions, an industrial transition has taken place to replace long-

chain PFAAs and their precursors with alternative chemicals, many of which are still PFASs, including 

short-chain PFAAs and their precursors as well as perfluoroalkylether-based substances (for examples, 

see Buck et al., 2011, Wang et al., 2013, 2016 and references therein). It is noted that there is a growing 

interest by regulators7 and scientists across the globe to assess legacy and novel PFASs other than long-

chain PFAAs and their well-known precursors. 

In particular, various efforts have been made to identify overlooked PFASs. In 2018, the OECD/UNEP 

Global PFC Group prepared a new list of PFASs8 that may have been on the global market using a 
systematic search of substances that have a ïCnF2nï (n Ó3) or ïCnF2nOCmF2mī (n and m Ó1) moiety 

in different publicly accessible sources. In total, a set of substances with over 4730 CAS Nos. have been 

identified, including substances that contain fully fluorinated carbon moieties and are structurally similar to 

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 a ïCF3 group in the molecular structures 

(for more details, see Section 2.2). Meanwhile, recent advancement of non-target screening analytical 

techniques using high-resolution mass spectrometry has enabled identification of many unknown 
substances in different environmental and product samples [e.g. Hï(CF2CH2)nïCF2COOH by Newton et 

al. (2017)].  

The identification of overlooked PFASs motivates the present work to reconcile the terminology of the 

universe of PFASs, including a renewed look at the PFAS definition in Buck et al. (2011) (see Chapter 2). 

In light of these newly identified substances 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 user-specific working scopes (see Chapter 3). In addition, the OECD 2018 

PFAS List and recent non-target screening studies show the complexity and diversity of the PFAS universe, 

resulting in challenges for non-experts in conducting their own categorization of PFASs based on molecular 

structures. Therefore, this report also looks into systematic approaches to characterization and 

categorization of PFASs to assist stakeholders in making their own categorization based on their needs 

(see Chapter 4). Further, this report highlights open questions in relation to PFAS terminology for future 

consideration (see Chapter 5).  

Notes

1 ñPFCsò here refer to ñper- and polyfluorinated chemicalsò, and not to ñperfluorocarbonsò. As stated below, 

ñper- and polyfluorinated chemicalsò was a term commonly used before the term ñper- and polyfluoroalkyl 

substancesò was recommended by Buck et al.. As it is part of the Group official name, it remains 

unchanged.  
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2 This report uses the acronym ñPFASsò for ñper- and polyfluoroalkyl substancesò as stated in Buck et al. 

(2011), and its corresponding singular form ñPFASò refers to either a perfluoroalkyl or polyfluoroalkyl 

substance. It is noted that there is a notion of using ñPFASò as the acronym for both the singular and 

plural forms. This report does not make any recommendation to address this notion, as it is a trivial point 

that is difficult for everyone to comprehend, particularly for non-PFAS experts and non-English 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 their documents (for more 

details on practice guidance on how to identify and use the PFAS terminology, see Section 3.2 below).  

3 Note that the definition of ñlong-chain PFAAsò here is based on the OECD definition 

(https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/aboutpfass/), and the definitions of 

ñlong-chain PFAAsò may differ by jurisdiction.  

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

5 Note that in the literature, some authors have used other taxonomy terminologies, e.g. ñgroups and 

subgroupsò instead of ñfamilies and subfamiliesò. This report does not propose a new taxonomy 

terminology for PFASs, but makes some practical guidance on how to use taxonomy terminologies (see 

Chapter 3 below).  

6 Note that the acronym ñPOSFò here is used in accordance with the recommendations by Buck et al. 

(2011), whereas under the Stockholm Convention, another acronym ñPFOSFò is used.  

7 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 manufacture and 
use of a wide range of PFASs, and thus launched a public call for evidence in May 2020 with regard to 
substances that contain at least one aliphatic ïCF2ï  or ïCF3 element. For more details, see 

https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas. In addition, multiple PFASs other than 
long-chain PFAAs and their precursors are listed in ECHAôs Public Activities Coordination Tool (PACT) 
to be assessed by ECHA or EU 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/risk-management/global-database-of-per-and-polyfluoroalkyl-

substances.xlsx. In addition, several other entities have curated the OECD 2018 PFAS list into their 

databases, with features such as an easier overview of chemical structures and links to other information, 

including the US EPA CompTox Chemicals Dashboard 

(https://comptox.epa.gov/dashboard/chemical_lists/PFASOECD), NORMAN Network 

(https://www.norman-network.com/?q=suspect-list-exchange) and PubChem 

(https://pubchem.ncbi.nlm.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 assigned in the Dashboard using a pre-defined 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/PFASSTRUCT). Note that 

these lists may also include substances that are not regarded as PFASs in accordance with the revised 

PFAS definition below.  

https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/aboutpfass/
https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas
https://www.oecd.org/chemicalsafety/risk-management/global-database-of-per-and-polyfluoroalkyl-substances.xlsx
https://www.oecd.org/chemicalsafety/risk-management/global-database-of-per-and-polyfluoroalkyl-substances.xlsx
https://comptox.epa.gov/dashboard/chemical_lists/PFASOECD
https://www.norman-network.com/?q=suspect-list-exchange
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
https://comptox.epa.gov/dashboard/chemical_lists/PFASSTRUCT
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2.1. The previous PFAS definition in Buck et al. (2011) 

In Buck et al. (2011), PFASs were defined as ñthe highly fluorinated aliphatic substances that contain 

1 or more C atoms on 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 CnF2n+1ïò (i.e. must contain at least īCF3). The definition highlights the presence of 

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 consistent logic 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 non-

target screening studies, this section identifies gaps in the previous PFAS definition by 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 the consistency between the PFAS universe and terminology when new knowledge 

of gaps in the PFAS definition is generated.   

Case 1: The fully fluorinated saturated carbon moiety9 is 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 of ñïCnF2n+1ò in the previous definition. In the example of a1 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 moved to a 

secondary carbon atom (i.e. CF3CFHCF2CF2CF2CF2CF2COOH, a positional isomer).   

 

Figure 1. PFOA and examples of substances with similar molecular structures, but having functional groups 

(including single atoms such as hydrogen) on both ends of the perfluoroalkanediyl moiety. 

Furthermore, functionalized fluoropolymers and perfluoropolyethers10 (i.e. those that have functional 

groups on both ends of the polymer backbone, e.g. Fomblin HC/P2 100011) do not meet the structural 

Chapter 2.  Reconciling Terminology of 

the Universe of PFASs 
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requirement of ñïCnF2n+1ò in the previous definition, whereas their closely related analogues with only 

fluorine atoms on each end of the polymer backbone would meet the previous definition.  

Case 2: The substance is a fully fluorinated aliphatic cyclic compound which may or may not 

have a fully fluorinated alkyl side chain. As such, it may not meet the structural requirement of ñï

CnF2n+1ò in the previous definition. For example, b1 in Figure 2 meets the previous definition, 

whereas its shorter-chain homologue, b2 in Figure 2, does not meet the previous definition.  

Figure 2. PFOS, an example of a cyclic PFSA, and a shorter-chain homologue of the cyclic PFSA 

Case 3: The functional group contains an aromatic ring. Thus, it may not meet the term ñaliphatic 

substancesò in the previous definition, although the example of c1 in Figure 3 is a derivative of 

6:2 fluorotelomer iodide, i.e. a 6:2 fluorotelomer-based compound.  

 

 

 

Figure 3. 6:2 FTOH, and a 6:2 fluorotelomer iodide derivative with one aromatic ring in the functional group 

Case 4: The description ñhighly fluorinatedò in the previous definition is an ambiguous, 

problematic term. It cannot and should not be literally translated to, e.g., the weight percentage 

of fluorine atoms in the molecules, using three 6:2 fluorotelomer-based compounds as an 

example (see Figure 4):  

¶ C6F13C2H4OH (6:2 FTOH; CAS No. 647-42-7) has a fluorine content of 67.8 wt%,  

¶ C6F13C2H4SO2NHC3H6N(O)(CH3)2 used in Forafac® 1183 (CAS No. 80475-32-7) has a 

fluorine content of 46.7 wt%, and  

¶ 6:2 fluorotelomer ethoxylates [C6F13ï(CH2CH2O)nïH, n = 0ï13] in a commercial product 

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

C. 6:2 FTOH, CAS No. 647-42-7 c1. CAS No. 356055-76-0
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But they are all 6:2 fluorotelomer-based compounds and may act as precursors to perfluorohexanoic acid 

(PFHxA) in the environment and biota.  

Figure 4. 6:2 FTOH and two 6:2 fluorotelomer derivatives, and their corresponding fluorine contents 

2.3. A revised PFAS definition 

Therefore, there is a need to revisit the previous definition in Buck et al. (2011) to address these gaps (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 universe, 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 distinguishing 

between PFASs and non-PFASs, also by non-experts.  

This revised PFAS definition reads,  

 

Both a perfluorinated methyl group and a perfluorinated methylene group are saturated and aliphatic. Note 

that the carbon in a RïCF2ïOï or RïCF2ïSiï group (R Í H/Cl/Br/I) is a perfluorinated methylene carbon. 

A perfluorinated methylene group may also be represented as ñ>CF2ò, where ñ>ò denotes two single bonds. 

A fully fluorinated carbon that is bound to the rest of the molecule by a double bond is a perfluorinated 

methylidene carbon atom (=CF2). This distinction is important. Further, a perfluorinated methine carbon 

moiety (>CFï) alone does not meet this revised PFAS definition. 

It should be noted that this general PFAS definition is based only on chemical structure, and the decision 

to broaden this definition compared to Buck et al. (2011) is not connected to decisions on how PFASs 

should be grouped and managed in regulatory and voluntary actions. For further practical guidance on 

how to use this general PFAS definition, see Section 3.1.         

Figure 5 illustrates substances that are PFASs, and Figure 6 shows those that are not PFASs. Note that 

tetrafluoroethylene (TFE, CAS No. 116-14-3, CF2=CF2) is not a PFAS as both fully fluorinated carbon 

atoms are unsaturated; its longer-chain homologue hexafluoropropylene (HFP, CAS No. 116-15-4, 

CF2=CFïCF3) is a PFAS due to the presence of a fully fluorinated methyl carbon atom (ïCF3).  

PFASs are defined as fluorinated substances that contain at least one fully fluorinated 
methyl or methylene carbon atom (without any H/Cl/Br/I atom attached to it), i.e. with a 
few noted exceptions, any chemical with at least a perfluorinated methyl group (ïCF3) or a 

perfluorinated methylene group (ïCF2ï) is a PFAS. 



24 | 2. RECONCILING TERMINOLOGY OF THE UNIVERSE OF PFASS 

RECONCILING TERMINOLOGY OF THE UNIVERSE OF PER- AND POLYFLUOROALKYL SUBSTANCES: 
RECOMMENDATIONS AND PRACTICAL GUIDANCE © OECD 2021 

  

Figure 5. Examples of PFASs. The fully fluorinated methyl or methylene carbon atoms are highlighted in red. 
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Figure 6. Examples of compounds that are not PFASs due to a lack of fully fluorinated methyl or methylene carbon 

atoms. 

The rationale for making such changes is detailed as follows.  

¶ Change from ñhighly fluorinated aliphatic substancesò to ñfluorinated substances 

that contain at least one fully fluorinated methyl or methylene carbon atom (without 

any H/Cl/Br/I atom attached to it)ò:  

First, the qualifier ñhighlyò is removed from the definition, as it is not meaningful when the 

fluorinated carbon chain can cleave from the substance to produce a new molecule that 

is more highly fluorinated [see Section II in FOEN (2017) and references therein].  

Second, the term ñaliphaticò is removed from the definition. As shown in Case 3 in Figure 

3, aromatic ring(s) may be present as a part of the functional group connecting to a fully 

fluorinated methyl or methylene carbon 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 when a substance is or is not a PFAS, particularly for non-

experts. The change of wording here is also to make the definition more straightforward. 

At the same time, the new wording ñsubstances that contain at least one fully fluorinated 

methyl or methylene carbon atomò means that this revised definition is still constrained 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 rings. 

Overall, this revised definition includes side-chain 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 ñside-chain fluorinated polymersò12 

as in Buck et al. 2011] as PFASs; for examples, see c1 in Figure 3 and Figure 7 below.  
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Figure 7. An example of side-chain fluorinated aromatics. 

¶ Change from ñthe perfluoroalkyl moiety CnF2n+1ïò to ñat least one fully fluorinated 

methyl or methylene carbon atom (without any H/Cl/Br/I atom attached to it)ò:  

This change is to accommodate those that have functional groups on both ends of the 

fully fluorinated saturated carbon moieties (Case 1) and those that have 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 ñmethyl or methylene carbon atomò is added to describe the fully fluorinated 

saturated carbon moiety, which was not clear from the description ñthat contain only 1 or 

more C atoms on which all the H substituents é have been replaced by F atomsò, but 

only implicitly mentioned in the description ñin such a manner that they contain the 

perfluoroalkyl moiety CnF2n+1ïò. Second, adding ñwithout any H/Cl/Br/I atom attached to 

itò highlights that the carbon atom is considered non-fully fluorinated, when a H/Cl/Br/I 

atom is attached to it. 

2.4. A comprehensive overview of the PFAS universe 

Based on this revised definition of PFASs, 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 compounds, including (1) fluorinated aliphatic substances that do not have a fully fluorinated 

methyl or methylene carbon atom [e.g. trifluoromethane (HFC-23) and difluoromethane (HFC-32)], (2) 

fluorinated aromatic substances with no side chain(s) (e.g. hexafluorobenzene, CAS No. 392-56-3), and 

(3) fluorinated aromatic substances with non-fluorinated side chain(s) (e.g. pentafluorobenzoic acid, CAS 

No. 602-94-8). These other organofluorine compounds are beyond the scope of this report, and future 

work on them is encouraged.  

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 moiety/-ies. Figure 9 provides a 

comprehensive overview of PFAS groups, their structural 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 based 

on publicly accessible sources. It 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, regulatory status, environmental occurrence, etc.), readers may 

consult the PFAS Fact Cards published on the OECD PFAS Web portal: 

https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/. 

 

 

https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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Figure 8. An illustrative scheme of how PFASs fit into the universe of organofluorine compounds  
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Figure 9. A comprehensive overview of PFAS groups, their structural traits, examples and notes on whether corresponding common nomenclatures (including 

acronyms) exist.   
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