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In the event of any inconsistency or conflict between the information contained in this non-
binding guidance document and the Stockholm Convention on Persistent Organic Pollutants 
(POPs), the text of the Convention takes precedence, taking into account that the interpretation 
of the Stockholm Convention remains the prerogative of the Parties. 

The designations employed and the presentations in this guidance document are possible options, 
based on expert judgment, to provide assistance to Parties to develop, revise and update national 
implementation plans or national reports under the Stockholm Convention. The Stockholm 
Convention Secretariat, UNEP or contributory organizations or individuals cannot be liable for 
misuse of the information contained in it. 

While reasonable efforts have been made to ensure that the content of this publication is factually 
correct and properly referenced, the Secretariats of the Basel, Rotterdam and Stockholm 
Conventions, UNEP, FAO or the UN do not accept responsibility for the accuracy or completeness 
of the contents and shall not be liable for any loss or damage that may be occasioned, directly or 
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Preface 

This guidance document has been initially developed in 2012 by the United Nations Industrial Development 
Organization (UNIDO) and the United Nations Institute for Training and Research (UNITAR), working in 
collaboration with the Secretariat of the Stockholm Convention and with financial support of the Global 
Environment Facility (GEF). In 2013, further to the request of the Conference of the Parties (COP) to the 
Stockholm Convention, the document was revised in the frame of the Stockholm Convention best available 
techniques (BAT) and best Environmental Practices (BEP) expert process, based on comments received from 
Parties and others, and submitted for consideration by the COP in 2015. Since then, the document has been 
revised by the BAT and BEP experts, with the support of the Secretariat of the Stockholm Convention, and 
taking into account comments received from Parties and observers. In 2026, at the request of the COP-12, 
the document was further revised as part of the ongoing review and update of the Toolkit and the guidelines 
and guidance on BAT and BEP, and to incorporate guidance on long-chain PFCAs as additional group of 
substances listed to the Stockholm Convention in 2025. The present document supersedes the guidance on 
BAT/BEP issued in March 2021 and contains most up-to-date information and knowledge as evaluated and 
integrated in the guidance by the BAT and BEP experts. Before finalization, the draft document was circulated 
to Parties and observers for comments in July 2026. 

 

Executive Summary 

This guidance document provides a comprehensive framework for Best Available Techniques (BAT) and Best 
Environmental Practices (BEP) regarding the use of perfluorooctane sulfonic acid (PFOS), perfluorooctane sulfonyl 
fluoride (PFOSF), perfluorooctanoic acid (PFOA), long-chain perfluoro-carboxylic acids (long-chain PFCAs), their 
salts and related compounds, collectively referred to as "POP-PFAS". 

It has been developed by the experts on BAT and BEP under the Stockholm Convention, to provide assistance to 
Parties to support the application of BAT and BEP by governments, regulatory and supervisory authorities and 
operators in their actions to reduce or eliminate releases of POP-PFAS listed in the Stockholm Convention  

The document emphasizes that substitution of POP-PFAS should be carefully assessed in the hierarchy of 
substitution: first elimination/functional redesign or physical alternatives, then non-fluorinated alternatives, and 
only where no feasible option exists, careful case-by-case assessment of fluorinated substitutes in order to avoid 
regrettable substitution and to ensure a reduction in environmental and health risks. 

The guidance addresses the implementation of BAT and BEP in a wide variety of key industries and uses and 
presents also alternatives for the following applications: 

- Insect bait containing sulfluramid as the active ingredient for controlling leaf-cutting ants for agricultural 
purposes (PFOSF) 

-  Metal plating (hard-metal plating) only in closed-loop systems (PFOS) 

- Fire-fighting foam for liquid fuel vapour suppression and liquid fuel fires (Class B fires) in installed systems, 
including both mobile and fixed systems (PFOS and PFOA) 

- Photolithography or etch processes in semiconductor manufacturing (PFOA) 

- Photographic coatings applied to films (PFOA) 

- Textiles for oil- and water-repellency for the protection of workers from dangerous liquids that comprise risks to 
their health and safety (PFOA) 

- Invasive and implantable medical devices (PFOA) 

- Use of perfluorooctyl iodide for the production of perfluorooctyl bromide for the purpose of producing 
pharmaceutical products (PFOA) 
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-  Manufacture of polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (PVDF) for the production of special 
products (PFOA) 

- Manufacture of polyfluoroethylene propylene (FEP) for the production of high-voltage electrical wire and cables 
for power transmission (PFOA) 

- Manufacture of fluoroelastomers for the production of O-rings, v-belts and plastic accessories for car interiors 
(PFOA) 

- Semiconductors designed for replacement parts not covered in paragraphs 2 (a) and (b) of Part XIV of Annex A 
(long-chain PFCAs) 

- Semiconductors designed for replacement parts for combustion-engine-powered vessels (long-chain PFCAs) 

- Replacement parts for motor vehicles that have ceased mass production (long-chain PFCAs) 

Finally, the current state of knowledge regarding the analysis of POP-PFAS and related compounds in wastewater, 
exhaust air, waste, soil, products, articles, and processes is summarized.  

Effective implementation requires coordinated action by governments, industry, workers, technical institutions 
and other stakeholders. Regulatory and supervisory authorities play an essential role in establishing and enforcing 
control measures, while industry is responsible for applying technical and operational practices that reduce 
releases and protect workers and the environment.  

Overall, this guidance is intended as a practical tool to phase-out of POP-PFAS and ensure environmentally sound 
management throughout the substance’s life-cycle. 

 

1 Introduction 

1. This document supersedes the Guidance on best available techniques and best environmental 
practices for the use of perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), and their related 
substances listed under the Stockholm Convention on Persistent Organic Pollutants  issued in March 2021 
(UNEP 2021), which has been revised to incorporate guidance for long-chain perfluorocarboxylic acids 
(PFCAs), their salts and related compounds, listed to the Convention in 2025 as per decision SC-12/12. In 
addition, this document incorporates updated and/or additional guidance on best available techniques (BAT) 
and best environmental practices (BEP) for PFOS, its salts and perfluorooctane sulfonyl fluoride (PFOSF), and 
PFOA, its salts and PFOA-related compounds. 

2. For the purpose of this document, the short term ”POP-PFAS" is used in some instances for simplicity, 
to collectively refer to the substances covered by the listings of certain persistent organic pollutants (POPs) 
to the Stockholm Convention as outlined in decisions in SC-9/4 (Perfluorooctane sulfonic acid (PFOS), its salts 
and perfluorooctane sulfonyl fluoride (PFOSF), SC-9/12 (Perfluorooctanoic acid (PFOA), its salts and PFOA-
related compounds) and SC-12/12 (Long-chain perfluorocarboxylic acids (PFCAs), their salts and related 
compounds). The specific substances covered by these listings and, thus, by this document are outlined in 
Chapter 2. For the purposes of this guidance document, PFHxS, its salts and PFHxS-related compounds are 
not covered, as they are listed under the Convention without specific exemptions and therefore are not 
addressed in this BAT/BEP guidance. 

3. All the decisions mentioned in this document are available on the Stockholm Convention website  

4. When phasing out POP-PFAS, Parties and operators should first prioritize substitution by non-
chemical (e.g. physical) solutions, product redesign, and non-fluorinated alternatives. Substitution with other 
PFAS, including short-chain PFAS, should be avoided where possible and only considered following a robust 
alternatives assessment since many PFAS are also very persistent or have very persistent and mobile 
degradation products (see chapter 2.5). PFAS are considered an issue of concern by the Global Framework 

file:///C:/Users/LauzonA/Downloads/UNEP-POPS-BATBEP-GUID-PFOS-202103.En.pdf
https://www.pops.int/TheConvention/ConferenceoftheParties/ReportsandDecisions/tabid/208/Default.aspx
https://documents.un.org/doc/undoc/gen/k25/005/50/pdf/k2500550.pdf
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on Chemicals and the European Chemical Agency is working on a “universal” PFAS restriction regulation for 
Europe. 

1.1 Purpose 

5. This guidance document has been developed and is updated to guide Parties in their actions to 
prevent or reduce releases of perfluorooctane sulfonic acid (PFOS), perfluorooctane sulfonyl fluoride 
(PFOSF), perfluorooctanoic acid (PFOA), long-chain perfluoro-carboxylic acids (long-chain PFCAs), their salts 
and related compounds from production and use under the specific exemptions and acceptable purposes 
listed in the Convention at its nineth and twelfth meetings in 2019 and 2025 respectively  (COP-9, SC-9/4 for 
PFOS and SC-9/12 for PFOA; and COP-12, SC-12/12 for long-chain PFCAs). For PFOS and PFOA, these 
provisions entered into force for most Parties on 3 December 2020. For long-chain PFCAs, these provisions 
will enter into force for most Parties on 16 December 2026. 

6. This guidance builds on decisions SC-7/8 and SC-8/6 by the COP for the review and update of 
guidelines and guidance to address releases from unintentional production and BAT and BEP for the 
chemicals listed in Annexes A, B and/or C to the Stockholm Convention, as well as subsequent decisions on 
the continued review and update of such guidelines and guidance, including, most recently, decision SC-12/5. 
For PFOS, its salts and PFOSF, the guidance also reflects the BAT and BEP requirements set out in Annex B, 
Part III (2) referring to Annex C with the following definitions: 

• “Best available techniques” means the most effective and advanced stage in the development of 
activities and their methods of operation which indicate the practical suitability of particular 
techniques for providing in principle the basis for release limitations designed to prevent and, where 
that is not practicable, generally to reduce releases of chemicals listed in Part I of Annex C and their 
impact on the environment as a whole. In this regard: 

o “Techniques” includes both the technology used and the way in which the installation is 
designed, built, maintained, operated and decommissioned; 

o “Available” techniques mean those techniques that are accessible to the operator and that 
are developed on a scale that allows implementation in the relevant industrial sector, under 
economically and technically viable conditions, taking into consideration the costs and 
advantages; and 

o “Best” means most effective in achieving a high general level of protection of the 
environment as a whole; 

• “Best environmental practices” means the application of the most appropriate combination of 
environmental control measures and strategies. 

7. Article 3, paragraph 6 of the Stockholm Convention, requests Parties that have a specific exemption 
and/or acceptable purpose for a chemical listed in Annex A or Annex B to the Convention to take appropriate 
measures to ensure that any production or use under such exemption or purpose is carried out in a manner 
that prevents or minimizes human exposure and releases to the environment (e.g., applying BAT and BEP). 

8. This document includes most up-to-date information and knowledge with status at COP-12. Please 
consult previous versions of the guidance document for information on expired exemptions.   

 

1.2  Structure and use of this document 

9. Chapter 1 outlines the purpose and structure of this document. 

10. Chapter 2 is a brief overview of the chemical identity, production and uses of POP-PFAS, the relevant 
provisions under the Stockholm Convention, and a summary of required measures under these provisions. 
Furthermore, it is summarized whether or not alternatives are available and in use for each acceptable 

https://documents.un.org/doc/undoc/gen/k25/005/50/pdf/k2500550.pdf
https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas
https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas
http://chm.pops.int/Implementation/NIPs/Guidance/GuidanceonBATBEPfortheuseofPFOS/tabid/3170/Default.aspx
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purpose and specific exemption. Tables 7- 12 provide a comprehensive summary of BAT and BEP for each 
acceptable purpose and specific exemption. 

11. Chapter 3 includes high level BAT and BEP principles for general chemical management, general 
pesticide management and guidance for the management of POPs-PFAS, in particular. 

12. Chapters 4 provides guidance on BAT and measures related to the acceptable purpose listed under 
the Convention for PFOS, its salts and PFOSF. 

13. Chapter 5 provides guidance on BAT and BEP measures for the specific exemptions listed under the 
Convention for POPs-PFAS. Each section within this chapter provides a general description (background) of 
the process/application in which these substances were/are used, including information on available 
alternatives for that use, and specific BAT and BEP guidance for the management of POPs-PFAS, and their 
alternatives, in the respective process/application. 

14. Chapter 6 provides guidance for BAT and BEP for analysis and monitoring of PFOS, PFOA and long-
chain PFCAs in products, articles, wastewater, exhaust air, waste and soil. 

 

2 Substances covered under this document 

15. PFOS, PFOSF, PFOA and long-chain PFCAs, their salts and related compounds, listed under the 
Stockholm Convention belong to sub-groups of per- or polyfluoroalkyl substances (PFAS). They are persistent 
organic pollutants (POPs) and are abbreviated as POP-PFAS in this guidance. PFOS belongs to the subgroup 
of perfluoroalkyl sulfonic acids (PFSAs), while PFOA (can be referred to as C8 PFCA) and long-chain PFCAs (C9–
C21 PFCAs) belong to the subgroup of perfluorocarboxylic acids (PFCAs) (Buck et al. 2011).  

16. POP-PFAS are persistent and have substantial bioaccumulation and biomagnifying properties. But 
they do not follow the classic pattern of most other POPs that were listed under the Stockholm Convention 
before the listing of PFOS (the first listed POP-PFAS), which were partitioning into fatty tissues. POP-PFAS 
instead, primarily bind to proteins in blood and liver (UNEP, 2015). They have the capacity to undergo long-
range transport and have demonstrated ecotoxicity and toxicity towards mammals (e.g., 
UNEP/POPS/POPRC.2/17/Add.5).  
 

2.1 List of specific substances and relation to Stockholm Convention 

2.1.1 Perfluorooctane sulfonic acid (PFOS), its salts, and perfluorooctane sulfonyl 

fluoride (PFOSF) 

17. PFOS, its salts and PFOSF were listed in Annex B to the Convention at COP-4 in 2009. The listing defines 
these substances as follows: 

(a) Perfluorooctane sulfonic acid (CAS No. 1763-23-1)  

(b) Its salts; For example: potassium perfluorooctane sulfonate (CAS No. 2795-39-3); lithium 
perfluorooctane sulfonate (CAS No. 29457-72-5); ammonium perfluorooctane sulfonate (CAS 
No. 29081-56-9); diethanolammonium perfluorooctane sulfonate (CAS No. 70225-14-8); 
tetraethylammonium perfluorooctane sulfonate (CAS No. 56773-42-3); 
didecyldimethylammonium perfluorooctane sulfonate (CAS No. 251099-16-8) 

(c) Perfluorooctane sulfonyl fluoride (CAS No. 307-35-7) 

18. PFOS, its salts and PFOSF are characterized by the C8F17-moiety directly attached to the sulfonic acid 
group. PFOSF (in the scientific literature often referred to as POSF) is a key intermediate to produce “PFOS-
related substances”. As defined in the Guidance for the inventory of perfluorooctane sulfonic acid (PFOS) and 
related chemicals listed under the Stockholm Convention on Persistent Organic Pollutants (UNEP, 2015), the 



 BAT/BEP Guidance for the use of POP-PFAS listed under the Stockholm Convention on POPs 

  15 

term PFOS-related substances is used for all substances that contain one or more C8F17SO2-groups and that 
can, or is assumed, to degrade to PFOS in the environment. These PFOS-related substances are restricted 
through the listing of PFOSF, the basic raw material for their manufacture, and the listing of PFOS in the 
Convention. For example, PFOSF is the raw material to produce PFOS and PFOS-related substances, such as 
N-alkyl perfluorooctanesulfonamides (FOSAs, F-(CF2)8-SO2-NH(alkyl)) or N-alkyl perfluorooctanesulfon-
amidoethanols (FOSEs, F-(CF2)8-SO2-N(alkyl)(CH2CH2OH)) in the electrofluorination process (ECF). FOSAs 
derivatives are typically non-polymeric substances, such as EtFOSA (also known as sulfluramid) which is used 
as a pesticide. FOSEs are key intermediates to produce other PFOS-related substances, for example, EtFOSE 
(N-ethyl perfluorooctanesulfonamidoethanol; F-(CF2)8-SO2-N(C2H5)(CH2CH2OH)) is the key intermediate to 
produce PFOS-related side-chain fluorinated polymers such as fluorinated poly(meth)acrylates and 
fluorinated polyurethanes.  

19. See Figure 1. Process scheme and major product categories and applications of PFOSF, PFOS and PFOS-
related substances, such as FOSA and FOSE and the non-polymeric and polymeric derivatives (Adapted from OECD 
2002, as shown in UNEP 2017a).  See also Figure 2 for further details on the electro-chemical fluorination step. 
20.  
21. ECF was licensed by 3M in the 1940s (Banks et al. 1994). ECF produces a mixture of even- and odd-
numbered carbon chain lengths of approximately 70% linear and 30% branched substances (Concawe, 2016; 
Buck et al., 2011).   
 

22. Since most FOSE is incorporated into higher molecular weight polymers, it comprises only a portion 
of the mole fraction of the entire polymer in the final product. However, it should be noted that the reactions 
used to produce non-polymeric or polymeric FOSE derivatives do not produce pure products. Typically, 1%-
2% of the final product is comprised of unreacted or partially reacted fluorinated starting materials or 
intermediates that are carried forward into the final product as impurities (3M 2000). Furthermore, these 
products may also contain PFOA as an impurity (Jiang et al. 2015). 

23.  
24.  Table 1 below provides examples of PFOS, its salts, PFOSF and a PFOS-related substance, and their 
molecular and structural formulae.   

  



BAT/BEP Guidance for the use of POP-PFAS listed under the Stockholm Convention on POPs 

16 

  

 

Table 1. Examples of PFOS, its salts, PFOSF, and a PFOS-related substance.  Please note, these substances are 
a mix of linear and branched isomers. The structural formula in the table is shown for the linear compounds 
only. 

Structural formula Substance name and abbreviation 
Molecular 
formula 

PFOS, its salts and PFOSF as listed in the Stockholm Convention 

 
Perfluorooctane sulfonic acid (linear) 

PFOS 

F-(CF2)8-SO3
- 

 

C8F17-SO3
- 

 4-Perfluorooctane sulfonic acid (branched) 

PFOS 

F-(CF2)8-SO3
- 

 

C8F17-SO3
- 

R+ cation K+, Li+, NH4
+, N(C10H23)2(CH3)2

+ 

R+ 

potassium perfluorooctane sulfonate; 

lithium perfluorooctane sulfonate; 

ammonium perfluorooctane sulfonate; 

didecyldimethylammonium 
perfluorooctane sulfonate 

F-(CF2)8-SO3
- 

C8F17-SO3
- 

 

Perfluorooctane sulfonyl fluoride 

PFOSF 

F-(CF2)8-SO2FS 

 

C8F17-SO2F 

PFOS-related substance related to the acceptable purpose for PFOS, its salts and PFOSF 

 

N-ethylperfluorooctanesulfonamide 

EtFOSA 

Also: sulfluramid 

F-(CF2)8-SO2-
NH-CH2CH3 

 

C8F17-SO2- 
N(H)C2H5 

 

25. PFOS, its salts and PFOSF were initially listed with various specific exemptions and acceptable 
purposes for production and use, as specified in decision SC-4/17.  

26. In 2019, after having considered the report on the assessment of alternatives to PFOS, its salts and 
PFOSF (UNEP/POPS/POPRC.14/INF/13) and the report on the evaluation of these substances 
(UNEP/POPS/COP.9/INF/12), the COP decided to amend the listing to remove certain exemptions (SC-9/4). 
The amended list of acceptable purposes or specific exemptions for PFOS, its salts and PFOSF, pursuant to 
Part I of Annex B, is given in Table 2 below. The amended listing entered into force for most Parties on 3 
December 2020. 

27. The production and use of PFOS, its salts and PFOSF shall be eliminated by all Parties except those 
that have registered for the specific exemptions or acceptable purpose. The register of specific exemptions 
and the register of acceptable purposes for PFOS, its salts and PFOSF have been established and are 
maintained on the Stockholm Convention’s website for acceptable purposes and for specific exemptions.  

http://chm.pops.int/tabid/794
http://chm.pops.int/tabid/4644
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Table 2. Current acceptable purposes and specific exemptions for production and use of PFOS, its salts and PFOSF 
(as of 1 April 2027) 

Activity Acceptable purpose or specific exemption 

Production  Acceptable purpose: 
In accordance with Part III of Annex B, production of other chemicals to be used 
solely for the use below. Production for uses listed below. 

Specific exemption: 
None  

Use Acceptable purpose: 
In accordance with Part III of Annex B for the following acceptable 
purpose, or as an intermediate in the production of chemicals with the 
following acceptable purpose: 

• Insect baits with sulfluramid (CAS No. 4151-50-2) as an active ingredient for 
control of leaf-cutting ants from Atta spp. and Acromyrmex spp. For agricultural 
use only 

Specific exemption: 

• Metal plating (hard-metal plating) only in closed-loop systems 

• Fire-fighting foam for liquid fuel vapour suppression and liquid fuel fires (Class 
B fires) in installed systems, including both mobile and fixed systems, in 
accordance with paragraph 10 of part III of Annex B 

 

28. Acceptable purposes have no limited time frame, unless specified otherwise by the Conference of 
the Parties. Specific exemptions expire five (5) years after the date of entry into force of the listing of a 
chemical under the Convention unless the Party indicates an earlier date when registering for an exemption. 

29. Paragraph 10 of Part III of Annex B sets further provisions for the use of PFOS, its salts and PFOSF for 
fire-fighting foam as follows: 

“Each Party that has registered for an exemption pursuant to Article 4 for the use of PFOS, its salts and 
PFOSF for fire-fighting foam shall:  
a) Notwithstanding paragraph 2 of Article 3, ensure that fire-fighting foam that contains or may 

contain PFOS, its salts and PFOSF shall not be exported or imported except for the purpose of 
environmentally sound disposal as set forth in paragraph 1 (d) of Article 6; 

b) Not use fire-fighting foam that contains or may contain PFOS, its salts and PFOSF for training; 
c) Not use fire-fighting foam that contains or may contain PFOS, its salts and PFOSF for testing 

unless all releases are contained; 
d) By the end of 2022, if it has the capacity to do so, restrict uses of fire-fighting foam that contains 

or may contain PFOS, its salts and PFOSF to sites where all releases can be contained;  
e) Make determined efforts designed to lead to the environmentally sound management of fire-

fighting foam stockpiles and wastes that contain or may contain PFOS, its salts and PFOSF, in 
accordance with paragraph 1 of Article 6, as soon as possible.” 

 

2.1.2 PFOA, its salts and PFOA-related compounds 

30. PFOA, its salts and PFOA-related compounds were listed in Annex A to the Convention at COP-9 in 
2019. The listing entered into force for most Parties on 3 December 2020 and defines these substances as 
follows: 

“Perfluorooctanoic acid (PFOA), its salts and PFOA-related compounds” means the following: 

i. Perfluorooctanoic acid (PFOA; CAS No: 335-67-1), including any of its branched isomers; 
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ii. Its salts;  

iii. PFOA-related compounds which, for the purposes of the Convention, are any substances that 
degrade to PFOA, including any substances (including salts and polymers) having a linear or 
branched perfluoroheptyl group with the moiety (C7F15)C as one of the structural elements. 

31. The following compounds are not included as PFOA-related compounds: 

i. C8F17-X, where X= F, Cl, Br; 

ii. Fluoropolymers that are covered by CF3[CF2]n-R’, where R’=any group, n>16; 

iii. Perfluoroalkyl carboxylic and phosphonic acids (including their salts, esters, halides and 
anhydrides) with >8 perfluorinated carbons;  

iv. Perfluoroalkane sulfonic acids (including their salts, esters, halides and anhydrides) with >9 
perfluorinated carbons; 

v. Perfluorooctane sulfonic acid (PFOS), its salts and perfluorooctane sulfonyl fluoride (PFOSF), as 
listed in Annex B to the Convention. 

32. As per decision SC-9/13, in order to support Parties and facilitate the identification of substances and 
understanding of the listing, an updated indicative list of substances covered by the listing of PFOA, its salts 
and PFOA-related compounds is available on the Stockholm Convention’s website. The indicative list is 
reviewed and updated periodically by the Persistent Organic Pollutants Review Committee (POPRC). 

33. Table 3 below provides examples of PFOA and PFOA-related compounds, and their molecular and 
structural formulae. For example, this includes 8:2 fluorotelomer alcohol (8:2 FTOH) and 8:2 fluorotelomer 
(meth)acrylate (8:2 FTMAC) which are polyfluorinated substances containing an ethyl alcohol group, with the 
general structure F(CF2)nCH2CH2OR, where n = 8. These substances can degrade to form PFOA (Buck et al. 
2011). 

Table 3. Examples of PFOA and PFOA-related compounds 

Structural formula Substance name and 
abbreviation 

Molecular 
formula 

PFOA 

 

Perfluorooctanoic acid (linear) 

L-PFOA 

F-(CF2)7-COOH 

C7F15-COOH 

 

Perfluorooctanoic acid 
(branched) example 

br-PFOA 

F-(CF2)7-COOH 

C7F15-COOH 

  

Fluorinated polymer with C8 
based perfluoroalkyl side chains  

 

 

8:2 fluorotelomer alcohol 
8:2 FTOH 

C8F17-CH2-
CH2OH 

https://chm.pops.int/tabid/5221
https://chm.pops.int/tabid/5221
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8:2 fluorotelomer 
(meth)acrylate 
8:2 FT(M)AC 

C8F17-CH2-CH2-
O-
C(O)C(CH3)=C
H2 

 

34. The listing of PFOA, its salts and PFOA-related compounds includes specific exemptions for the 
production and use of these substances, as outlined in Table 4. The production and use of PFOA, its salts and 
PFOA-related compounds shall be eliminated by all Parties except those that have registered for these 
specific exemptions. The register of specific exemptions for PFOA, its salts and PFOA-related compounds is 
maintained on the Stockholm Convention’s website. 

Table 4. Specific exemptions for production and/or use of PFOA, its salts and PFOA-related substances  

Activity Specific exemption 

Production  Fire-fighting foam: None 
For other production, as allowed for the Parties listed in the 
Register in accordance with the provisions of part X of Annex A 

Use In accordance with the provisions of part X of Annex A: 

• Photolithography or etch processes in semiconductor 
manufacturing 

• Photographic coatings applied to films 

• Textiles for oil and water repellency for the protection of 
workers from dangerous liquids that comprise risks to their 
health and safety  

• Invasive and implantable medical devices 

• Fire-fighting foam for liquid fuel vapour suppression and 
liquid fuel fires (Class B fires) in installed systems, including 
both mobile and fixed systems, in accordance with 
paragraph 2 of part X of Annex A 

• Use of perfluorooctyl iodide for the production of 
perfluorooctyl bromide for the purpose of producing 
pharmaceutical products, in accordance with the provisions 
of paragraph 3 of part X of Annex A 

• Manufacture of polytetrafluoroethylene (PTFE) and 
polyvinylidene fluoride (PVDF) for the production of: 
o High-performance, corrosion-resistant gas filter 

membranes, water filter membranes and membranes for 
medical textiles 

o Industrial waste heat exchanger equipment  
o Industrial sealants capable of preventing leakage of 

volatile organic compounds and PM2.5 particulates 

• Manufacture of polyfluoroethylene propylene (FEP) for the 
production of high-voltage electrical wire and cables for 
power transmission 

• Manufacture of fluoroelastomers for the production of O-
rings, v-belts and plastic accessories for car interiors 

 

35. Paragraph 2 of Part X of Annex A sets further provisions for the use of PFOA, its salts and PFOA-
related compounds for fire-fighting foam as follows: 

“Each Party that has registered for a specific exemption pursuant to Article 4 for the use of PFOA, its 
salts and PFOA-related compounds for fire-fighting foam shall: 

http://chm.pops.int/tabid/8363
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a) Notwithstanding paragraph 2 of Article 3, ensure that fire-fighting foam that contains or may 
contain PFOA, its salts and PFOA-related compounds shall not be exported or imported except 
for the purpose of environmentally sound disposal as set forth in paragraph 1 (d) of Article 6; 

b) Not use fire-fighting foam that contains or may contain PFOA, its salts and PFOA-related 
compounds for training; 

c) Not use fire-fighting foam that contains or may contain PFOA, its salts and PFOA-related 
compounds for testing unless all releases are contained; 

d) By the end of 2022, if it has the capacity to do so, but no later than 2025, restrict uses of fire-
fighting foam that contains or may contain PFOA, its salts and PFOA-related compounds to sites 
where all releases can be contained; 

e) Make determined efforts designed to lead to the environmentally sound management of fire-
fighting foam stockpiles and wastes that contain or may contain PFOA, its salts and PFOA-related 
compounds, in accordance with paragraph 1 of Article 6, as soon as possible.” 

36. With regard to the specific exemption for the use of perfluorooctyl iodide (PFOI) for the production 
of perfluorooctyl bromide (PFOB) for the purpose of producing pharmaceutical products, paragraph 3 of Part 
X of Annex A provides that, at COP-13 and at every second ordinary meeting after that, the COP shall review 
the continued need for this specific exemption. This specific exemption shall in any case expire at the latest 
in 2036. However, a review of the exemptions has started in line with decision SC-9/13 for consideration at 
COP-13.  

 

2.1.3 Long-chain PFCAs, their salts and related compounds 

37. Long-chain PFCAs, their salts and related compounds were listed in Annex A to the Convention at 
COP-12 in 2025. The listing will enter into force for most Parties on 16 December 2026 and defines these 
substances as follows: 

“Long-chain perfluorocarboxylic acids or their salts, for the purposes of the Convention, are a 
homologous series of substances with the molecular formula of CnF2n+1COOH (where 8 ≤ n ≤ 20); 

Compounds related to long-chain perfluorocarboxylic acids, for the purposes of the Convention, are 
any substance that is a precursor and may transform to long-chain perfluorocarboxylic acids, where 
the perfluorinated alkyl moiety has the formula CnF2n+1 (where 8 ≤ n ≤ 20) and is directly bonded to 
any chemical moiety other than a fluorine, chlorine or bromine atom.  

The following compounds are not included as long-chain perfluorocarboxylic acids, their salts and 
related compounds: perfluorooctanoic acid (PFOA), its salts and PFOA-related compounds as listed 
in Annex A to the Convention.” 

38. As per decision SC-12/13, in order to support Parties and facilitate the identification of substances 
covered by the listing, an indicative list of substances covered by the listing of long-chain PFCAs, their salts 
and related compounds is available on the Stockholm Convention’s website. The indicative list will be 
reviewed and updated periodically by the POPRC.  

39. Table 5 below provides an overview of the chemical identity of long-chain PFCAs. 

 

https://chm.pops.int/tabid/5221
https://chm.pops.int/tabid/5221
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Table 5. Examples of long-chain PFCAs and long-chain PFCA related compounds 

 

40. The listing of long-chain PFCAs, their salts and related compounds includes specific exemptions for 
the production and use of these substances, as outlined in Table 6 below. The production and use of long-
chain PFCAs, their salts and related compounds shall be eliminated except for Parties that have notified the 
Secretariat of their intention to produce and/or use them in accordance with Article 4. Once established, the 
register of specific exemptions will be maintained on the Stockholm Convention’s website.  

Table 6. Specific exemptions for production and/or use of long-chain PFCAs, their salts and related substances 

Activity Specific exemption 

Production  As allowed for the Parties listed in the Register in accordance with the provisions 
of Part XIV of Annex A 

Use In accordance with Part XIV of Annex A: 

• Semiconductors designed for replacement parts not covered in paragraphs 2 
(a) and (b) of Part XIV of Annex A 

• Semiconductors designed for replacement parts for combustion-engine-
powered vessels in accordance with the provisions of paragraph 2 of Part XIV 
of Annex A 

• Replacement parts for motor vehicles that have ceased mass production in 
accordance with the provisions of paragraph 2 of Part XIV of Annex A 

 
41. Paragraph 2 of Part XIV of Annex A sets further provisions for the use of long-chain PFCAs, their salts 
and related compounds as follows: 

“Specific exemptions for the production and use of long-chain perfluorocarboxylic acids, their salts and 
related compounds, limited to the following applications, may be available until the end of the service 
life of articles being repaired or until 2041, whichever comes earlier: 

a) Semiconductors designed for replacement parts for combustion-engine‑powered vessels; 
b) Replacement parts for motor vehicles that have ceased mass production, covering all land-

based vehicles, such as cars, motorcycles, agricultural and construction vehicles, and industrial 
trucks. Applications include semiconductors, coatings, cables, electronics, engines and under-
hood applications, modules, hydraulic system components and relay assemblies. 

Structural formula Substance name and 
abbreviation 

Molecular 
formula 

 

Nonanoic acid, heptadecafluoro- 
C9 PFCA, PFNA 

C9HF17O2 

 

Perfluoroheneicosanoic acid 
C21 PFCA 

C21HF41O2 

Fluorotelomer alcohols (FTOHs) 

 

12:2 FTOH, 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,
11,11,12,12,13,13,14,14,14-
pentacosafluorotetradecanol  
 

C14H5F25O 

https://chm.pops.int/tabid/4643
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2.2  Production and use of PFOS, its salts and PFOSF 

42. The report on the evaluation of PFOS, its salts and PFOSF (UNEP/POPS/COP.11/INF/15) that was 
submitted to COP-11 provides information on the production and uses of these substances as of 2022, 
including country-specific information. According to this information there has been a significant drop in 
production and use of PFOS since the voluntary phase out by 3M in 2000-2002. Production increased in China 
starting in 2001 but ceased in 2024 (Chinese national ban in force from 01 January 2024). Only one Party, 
Brazil, is currently listed in the register of acceptable purposes for PFOS, its salts and PFOSF for the production 
of PFOSF for insect baits with sulfluramid for control of leaf cutting ants from Atta spp. and Acromyrmex spp.  

PFOS and PFOS-related compounds has historically been used in a wide variety of applications, including 
electric and electronic parts, fire-fighting foam, photo imaging, hydraulic fluids and textiles 
(UNEP/POPS/POPRC.3/20/Add.5). Figure 1 below shows the process scheme to produce PFOSF, and the 
major product categories and applications of PFOS and PFOS-related substances.  

 

 

Figure 1. Process scheme and major product categories and applications of PFOSF, PFOS and PFOS-related 
substances, such as FOSA and FOSE and the non-polymeric and polymeric derivatives (Adapted from OECD 
2002, as shown in UNEP 2017a).  See also Figure 2 for further details on the electro-chemical fluorination 
step. 

 

43. ECF was licensed by 3M in the 1940s (Banks et al. 1994). ECF produces a mixture of even- and odd-
numbered carbon chain lengths of approximately 70% linear and 30% branched substances (Concawe, 2016; 
Buck et al., 2011).   
 
44. Since most FOSE is incorporated into higher molecular weight polymers, it comprises only a portion 
of the mole fraction of the entire polymer in the final product. However, it should be noted that the reactions 
used to produce non-polymeric or polymeric FOSE derivatives do not produce pure products. Typically, 1%-
2% of the final product is comprised of unreacted or partially reacted fluorinated starting materials or 
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intermediates that are carried forward into the final product as impurities (3M 2000). Furthermore, these 
products may also contain PFOA as an impurity (Jiang et al. 2015). 

 

2.3 Production and use of PFOA, its salts and PFOA-related compounds 

45. PFOA, its salts and PFOA-related compounds have been used in a wide variety of applications and 
consumer products across many sectors (such as, automotive, electronics, construction and aerospace 
industries). PFOA and its salts are, or were, most widely used as processing aids in the production of 
fluoroelastomers and fluoropolymers, with PTFE being an important fluoropolymer used in producing, e.g. 
non-stick kitchen ware. PFOA-related compounds are, or were, used as surfactants and surface treatment 
agents (e.g. in textiles, paper, paints, firefighting foams) (UNEP/POPS/POPRC.13/7/Add.2). 

46. Information on reduction and elimination of PFOA and precursor chemicals that can break down to 
PFOA by the eight major leading companies under the United States Environmental Protection Agency (US 
EPA)’s PFOA Stewardship Program is publicly available. However, the production, use, and therefore 
potential emissions of PFOA have largely shifted to Asia, including India (Miller et al. 2026). 

47. There are two production processes for PFOA: historically by electrochemical fluorination (ECF) and 
telomerization. PFOA and PFOA-related compounds can be produced by ECF from heptylacid chloride 
(C7H15COCl) to yield perfluorooctanoyl fluoride (C7F15COF), which is further reacted to produce PFOA and its 
salts (see Figure 2). 

 

Figure 2. Synthesis, by electrochemical fluorination, of building blocks leading to PFOS, PFOA and derivatives 
(Buck et al. 2011)  

48. Telomerization was developed in the 1970s (Benskin et al. 2012) and yields mainly even numbered, 
straight carbon chain isomers (Kissa, 2001; Parsons et al., 2008). The PFOA-related compounds perfluorooctyl 

https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-and-polyfluoroalkyl-substances-pfas
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-and-polyfluoroalkyl-substances-pfas
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iodide, 8:2 fluorotelomer iodide and 8:2 fluorotelomer alcohol are typically synthesized via the 
telomerization route (see Figure 3).   

 

Figure 3. Synthesis, by telomerization, of building blocks leading to fluorotelomer alcohols (Buck et al. 2011) 

 
49. Perfluorooctyl iodide can be used to synthesize fluorotelomer derivatives, such as PFOA.  8:2 
fluorotelomer alcohol functions as a key intermediate to synthesize 8:2 fluorotelomer (meth)acrylate, 
building blocks for side-chain fluorinated acrylate polymers, and other PFOA-related substances, such as 
monoPAP and diPAP (see Figure 4). 

 

Figure 4. Perfluoroalkyl carboxylic acids and fluorotelomer derivatives synthesized from perfluoroalkyl 
iodides (here, example with eight fluorinated C atoms (Buck et al. 2011) 
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2.4 Production and use of long-chain PFCAs, their salts and related 

compounds 

50. Long-chain PFCAs, their salts and/or related compounds are used, or may have been used, in a wide 
range of applications, including: electronic articles; food contact materials; paints, coatings and varnishes; 
textiles and apparel; personal care products; and in the automotive industry 
(UNEP/POPS/POPRC.19/9/Add.2). For further uses see UNEP/POPS/POPRC.19/INF/8. The presence of long-
chain PFCAs and their related compounds in certain products and articles may however result from their 
unintentional production during the manufacture of other PFAS and in other industrial processes (refer to 
chapter 3.3.1 for more details). 

51. Estimates and other information on the global production, import and use of long-chain PFCAs, their 
salts and related compounds have been reported in the literature, and provided in response to the requests 
for information for the development of the risk profile (UNEP/POPS/POPRC.18/11/Add.4) and risk 
management evaluation (UNEP/POPS/POPRC.19/9/Add.2) for these substances. This information is 
summarized in section 2 of UNEP/POPS/POPRC.19/INF/8. 

52. As described in the risk management evaluation for long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2), C9 PFCA has been reported to be manufactured through the 
ozonation of 8:2 fluorotelomer olefin (Ukihashi et al. 1977) or possible carboxylation of perfluorooctyl iodide 
(Ishikawa & Takahashi, 1988, as cited in Wang et al., 2014). The manufacture of ammonium 
perfluorononanoate (APFN), the ammonium salt of C9 PFCA, leads to a different mixture of PFCAs depending 
on the nature of the starting materials. Armitage et al. (2009) described the homologue profile for 
commercial APFN to consist primarily of C9 PFCA (73.6%), C11 PFCA (20.0%) and C13 PFCA (5.0%). Related 
compounds to long-chain PFCAs include fluorotelomer alcohols (FTOHs) and other fluorotelomer derivatives, 
including side-chain fluorinated polymers and polyfluoroalkyl phosphoric acid mono-/diesters 
(monoPAPs/diPAPs). Fluorotelomers are a subgroup of per- and polyfluorinated substances that are 
produced by a process called telomerization, which can produce a range of fluorocarbon chain lengths 
(Environment Canada, 2012; Buck et al., 2011) (see Figure 4). Substances containing F(CF2)x(CH2)2- groups can 
also be considered potentially related compounds to long-chain PFCAs, as they will likely result in the release 
of x:2 FTOHs in the environment (ECHA 2018a,b). Starting materials that may be used for the production of 
compounds related to long-chain PFCAs consist of FTOH mixtures (Beatty, 2003; Sherman et al., 2001), as 
described in section 1.1 and Table 4 of UNEP/POPS/POPRC.19/INF/8. 

53. Little isolated information is available specifically on the current production of the specific PFAS-
group of LC-PFCAs. Public data is more readily available on the production of PFAS as a whole, or on individual 
PFAS or PFAS groups, such as fluoropolymer production industry (Glüge et al., 2024). 

54. There has been a geographical shift of industrial sources of PFCAs as a result of the relocation of 
PFCA, fluoropolymer and other PFAS product production from the USA, Western Europe and Japan to 
emerging economies in the Asian region. (UNEP/POPS/POPRC.19/INF/8). 

 

2.5 Chemical and other alternatives 

55. The present chapter summarizes the information on the availability of alternatives to PFOS, PFOA 
and long-chain PFCAs, their salts and related compounds for the applications covered by an acceptable 
purpose and/or specific exemptions under the Stockholm Convention, provided in Chapters 4 and 5 of this 
guidance. Refer to these chapters for additional details. 

56. Generally speaking, there are three types of alternatives to POP-PFAS: physical (non-chemical) 
alternatives, non-fluorinated substances and fluorinated substances (mostly short-chain PFAS). Selection of 
alternatives should be based on a function-based assessment of whether the use is essential, whether the 
function can be eliminated or redesigned out of the product/process, and whether a non-fluorinated 
alternative can meet the technical requirement. When transitioning to alternatives to POP-PFAS, it is 
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important to carefully assess the alternatives to avoid regrettable substitution and to pursue safer 
alternatives.  In addition, responsible manufacturing and use are important parameters as well to utilize in 
combination with alternative substances (see Chapter 2.6. for an overview and Chapter 3 – 5 for further 
details). 

57. When substituting PFOS, PFOA or long chain PFAS, it should be taken into account that some other 
PFAS would be regrettable substitutes since they are also very persistent or have very persistent and mobile 
degradation products (Scheringer et al. 2015; Dosunmu et al. 2025) and are an issue of concern under the 
Global Framework on Chemicals (UNEP/GFC/OEWG.1/5). Therefore, preference should be given to non-
fluorinated alternatives and non-chemical solution where possible. Please note that the European Union is 
currently working on a “universal” PFAS restriction regulation. 

58. Specific substances in the group of short-chain PFAS have been found to be mobile in water, 
persistent in the environment, being taken up by crops and to bind to specific proteins (Brendel et al., 2018; 
Ritscher et al., 2018; UNEP, 2018b). That literature also reports monitoring data showing an increased level 
of specific short-chain PFAS in water compartments and highlights the technical challenges to remove these 
substances from water. PFBS, a short-chain PFAS, is persistent and has been classified as a substance of very 
high concern (SVHC) by ECHA (ECHA, 2020c). Animal studies support identification of thyroid, developmental, 
and kidney endpoints as potential health effects following repeated exposures of PFBS salt in utero and/or 
during adulthood. Some short-chain PFAS could pose similar risks to the environment and human health as 
PFOS, and the use of short-chain PFAS, or their precursors, if not adequately controlled, leads to the 
occurrence of very persistent degradation products in the environment, e.g., PFHxA in water bodies (UNEP, 
2024; US EPA, 2021).   

 

2.5.1 PFOS, its salts and PFOSF 

59. Chemical alternatives may include the following chemicals: 

i. Non-fluorinated substances: based on a variety of chemical classes. These are specified 
throughout the text wherever possible.  

ii. Polyfluorinated alkyl substances: such as fluorotelomer-based polymeric or non-polymeric 
substances, like 6:2 FTS and PFBS-based polymeric or non-polymeric substances or 
fluoropolyether;  

iii. Perfluorinated alkyl substances: mostly concerning short-chain perfluorinated sulfonic and 
carboxylic acids.  

60. Table 7 below summarizes information on the acceptable purpose and specific exemptions listed 
under the Stockholm Convention for PFOS, its salts and PFOSF, the specific substances currently used for 
these applications, and the availability of alternatives. This information is primarily based on UNEP (2019c), 
UNEP (2024), DEFRA (2004), Willand et al. (2022) and UNEP/POPS/COP.7/INF/26. Further details are available 
in Chapters 4 and 5. 

Table 7. Availability of alternatives to PFOS, its salts and PFOSF for acceptable purpose and specific exemption 
applications (as of 1 April 2027) 

Present Uses Alternatives 

Acceptable 
Purpose or 

specific 
exemption 

Incumbent PFOS 
or PFOS-related 

Substance 

Typical 
Use 
Rate 

Physical and other 
Alternatives 

Chemical Identity Trade Names 
and/or Producers 

Acceptable purpose 

1. Insect 
baits with 
sulfluramid 

EtFOSA 

(N-ethyl 
perfluorooctane 

N/A 
1.  

Non-chemical 
alternative technology 
such as mechanical, 

Chemical alternatives such as 
thermo-nebulization with 

N/A 
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Present Uses Alternatives 

Acceptable 
Purpose or 

specific 
exemption 

Incumbent PFOS 
or PFOS-related 

Substance 

Typical 
Use 
Rate 

Physical and other 
Alternatives 

Chemical Identity Trade Names 
and/or Producers 

(CAS No: 
4151-50-2) as 
an active 
ingredient for 
control of 
leaf-cutting 
ants from 
Atta spp. and 
Acromyrmex 
spp. for 
agricultural 
use only 

sulfonamide (CAS 
No. 4151-50-2) 

cultural, and biological 
control methods. 
Thermo-nebulization 
with permethrin: For 
initial large area land 
preparation and high 
infestation rate on 
mature Atta nests 

Mechanical Control: 
Excavation of the 
young nests and 
capturing the ant 
queens 

“Barriers” fastened 
around tree trunks, 
such as plastic tape 
coated with grease, 
plastic cylinders and 
strips of aluminum: 
For small areas, such 
as small orchards 

Dried-powder 
dusting with 
deltamethrin: 
To control nests no 
larger than 5 m2 

To control young Atta 
colonies 

To control certain 
Acromyrmex species 

permethrin and dried-powder 
dusting with deltamethrin  
 
 

Specific exemptions 

2. Metal 
plating 
(hard metal 
plating) 
only in 
closed-loop 
systems 

PFOS-salts: 
TEA-PFOS* 
(CAS No. 
56773-42-
3), 

K (CAS No. 
2795-39-3), 

Li (CAS No. 
29457-72-
5), 

2,2'-
iminodiethanol 
salt (CAS No. 
70225-14-8) 

0.03% 
to 
0.08% 
 

Cr(III) plating is 
available as an 
alternative to Cr(VI) 
plating for decorative 
plating applications  

Commercially 
available alternatives 
to hard metal plating 
e.g., High Velocity 
Oxygen Fuel (HVOF) 
process, Physical 
vapor deposition 
(PVD), Plasma 
Nitriding, Laser Metal 
Deposition (LMD)   

 Trade names of 
common PFOS-
containing chrome 
mist suppressants 
(CMS): 

Fluorotenside-248 ; 
SurTec 960 ; FC-
248 ; FT-248m ; FC-
80 

    Non-fluorinated CMS: Non-fluorinated 
CMS: 

  >10-
25% 

 Poly(oxy-1,2-ethanediyl), 
.alpha.,.alpha.'-[(9-
octadecenylimino)di-2,1-
ethanediyl]bis[.omega.-hydroxy-
, (Z)-  (CAS : 26635-93-8 ) 

ANKOR WETTER LF 
1000 (replaced 
Ankor Wetting 
Agent FF in 2026) 
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Present Uses Alternatives 

Acceptable 
Purpose or 

specific 
exemption 

Incumbent PFOS 
or PFOS-related 

Substance 

Typical 
Use 
Rate 

Physical and other 
Alternatives 

Chemical Identity Trade Names 
and/or Producers 

(replaced Z)-Octadec-9-
enylamine, ethoxylated (CAS: 
26635-93-8) in 2026) 

  10-25%  Amines, C12-C14 alkyl, 
ethoxylated  

N/A 

  1- <-3%  Tallow alkylamine ethoxylate + 
oleylamine ethoxylate (CAS: 
61791-26-2; 26635-93-8;) 

N/A 

  2.5-5%  Sodium dodecyl sulfate 
(CAS: 151-21-3)  

N/A 

  25-
50% 

 3[Dodecyl(dimethyl)ammonio]pr
opane-1-sulfonate +3-
Hydroxypropane-1-sulphonic acid 
+ dimethyl coco alkylamine  

Isodecanol ethoxylated  

Paraffin oils, sulfochlorinated, 
saponified  

Chemopur 
Netzmittel R 
(available in 2026) 

  ≥ 25% 

- <40% 

 Isodecanol ethoxylated (CAS: 
61827-42-7) 

 
N/A 

  < 2.5%  Paraffin oils, sulfochlorinated, 
saponified (CAS: 68188-18-1) 

 
N/A 

     Fluorinated CMS: 

  > 5%  6:2 FTS, 3,3,4,4,5,5,6,6,7,7,8,8,8- 
tridecafluorooctane sulphonic 
acid (CAS: 27619-97-2) 

6:2 FTS is not considered a viable 
alternative due to environmental 
concerns relating to degradation 
to become the stable PFHxA. The 
EU-wide restriction of PFHxA and 
PFHxA-related compounds 
entered into force in October 
2024. Acute and repeated-dose 
mammalian and aquatic toxicity 
has been reported for 6:2 FTS 
(UNEP 2024).  

This alternative PFAS will 
degrade to a mixture of 
perfluorocarboxylic acids 
that have alkyl chains with no 
more than six perfluorinated 
carbon atoms (UNEP 2019). 
 

ANKOR® Dyne 30 
MS (Enthone, 
2026);  

Cancel ST-45 
(Plating Resources, 
Inc.);  

Fumetrol® 21 ; and 
Fumetrol 21 LF2 
(Atotech),  

HelioChrome® 
Wetting Agent FF 
(Kaspar Walter 
Maschinenfabrik 
GmbH & Co. KG); 
PK (Kampschulte); 

 Proquel OF 
(Kiesow Dr. 
Brinkmann);  

riag Cr 320 (Riag);  

Slotochrom® 
CR1270 (Schlötter);  

UDIQUE® Wetting 
Agent PF2 
(Enthone); 

 Wetting Agent CR 
(Atotech) 
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Present Uses Alternatives 

Acceptable 
Purpose or 

specific 
exemption 

Incumbent PFOS 
or PFOS-related 

Substance 

Typical 
Use 
Rate 

Physical and other 
Alternatives 

Chemical Identity Trade Names 
and/or Producers 

see 5.2.1 Metal 
plating (hard metal 
plating) only in 
closed-loop 
systems 

    In China, other fluorinated  
alternatives to PFOS, 
namely F53 (CAS: 754925-
54-7 ) and F53-B (CAS: 
73606-19-6 has been used. 

 
N/A 

 

3. Fire-
fighting foam 
for liquid fuel 
vapour 
suppression 
and liquid 
fuel fires 
(Class B fires) 
in installed 
systems, 
including 
both mobile 
and fixed 
systems, in 
accordance 
with 
paragraph 10 
of part III of 
Annex B 

PFOS (CAS 
No. 1763-
23-1) 

0.5% - 
6% 

Yes Hydrocarbons and detergents 
(fluorine-free) 

Siloxanes (fluorine-free),  

Some siloxanes (cyclic D4, D5, D6) 
are persistent, bioaccumulative 
and toxic.  

Protein (fluorine-free)  

 

 
N/A 

 

 

2.5.2 PFOA, its salts and PFOA-related compounds 

61. Table 8 below summarizes information on the specific exemptions listed under the Stockholm 
Convention for PFOA, its salts and PFOA-related compounds, the specific substances currently used for these 
applications, and the availability of alternatives. This information is mainly based on 
UNEP/POPS/POPRC.14/6/Add.2, ECHA 2015, Wood-Ramboll-Cowi 2020, INERIS 2025 and UNEP 2024.  

Table 8. Availability of alternatives to PFOA, its salts and PFOA-related compounds for specific exemption 
applications (see chapters 5.31-5.3.8 for detailed information) 

Present Uses Alternatives 

Specific Exemption Incumbent PFOA or 
PFOA-related 
compounds 

Typical 
Use 
Rate 

Physical and other Chemical Identity Trade 
Names 
and/or 

Producers 

1. Photolithography or 
etch processes in 
semiconductor 
manufacturing 

PFOA  

N/A 

Etch: Atomic layer etch 
(ALE), which selectively 
removes materials at 
the atomic scale. These 
can be plasma or 
thermal-based systems, 
or a hybrid 
of both (UNEP 2024) 

TARC: 

Polymeric PFAS-
containing material 
that has shorter-chain 
units. No additional 
specific details 

PAG: 

 

N/A 
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Present Uses Alternatives 

Specific Exemption Incumbent PFOA or 
PFOA-related 
compounds 

Typical 
Use 
Rate 

Physical and other Chemical Identity Trade 
Names 
and/or 

Producers 

non-fluorinated: 

Camphorsulfonic acid 
(for phenolic systems) 

Bis-sulfonyldiazo-
methane 

nitrobenzyl esters 

fluorinated: 

For early 248nm 
resists: PFBS and 
trifluoromethane 
sulfonic acid (TFMS) 

C1 and C3 bis-
sulfonamide and tris-
sulfomethide 
superacids 

Etch: 

non-fluorinated: 

alkyl polyglucosides   

polyoxyethylene 
surfactants 

fluorinated: 

1H,1H,2H,2H-
perfluorooctane 
sulfonic acid (6:2 FTS) 

1,1,2,2,3,3,4,4,4-
nonafluoro-N-(2-
hydroxyethyl)-, 
ammonium salt (1-to-
1), 
C4F9SO2NH(C2H4)O- 
NH4+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BG10, 
CG50,   

Brij35 and 
BrijS100 

2. Photographic 
coatings applied to films 

PFOA, APFO Insuffici
ent 
informa
tion  

No technically 
available chemical 
alternatives.  
Digitalization may 
reduce and eliminated 
this use category 
(physical alternative)  

N/A N/A 

3. Textiles for oil- and 
water-repellency for the 
protection of workers from 
dangerous liquids that 
comprise risks to their 
health and safety  

Side-chain fluorinated 
polymers that degrade 
to PFOA 

Difficult 
to handle 
as 
focused 
on the 
textiles 
and not 
on the 
chemical 
providing 
the 

Alternative 
technologies relying on 
spinning and weaving 
of the textile providing 
water repellence alone 
availalbe. 

Short-chain fluorinated 
alternatives (for e.g.,  oil 
repellency). Non PFAS 
chemistry and 
technologies (for e.g., 
water repellency).  
Depending on risk 
category and protection 
needs; 
Depending on protection 
needs; e.g.: dendrimer, 

N/A 
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Present Uses Alternatives 

Specific Exemption Incumbent PFOA or 
PFOA-related 
compounds 

Typical 
Use 
Rate 

Physical and other Chemical Identity Trade 
Names 
and/or 

Producers 

functiona
lity 

 

hydrocarbons, 
polyurethane, silicones 

4. Invasive and 
implantable medical 
devices 

N/A N/A N/A N/A N/A 

5. Fire-fighting foam for 
liquid fuel vapour 
suppression and liquid 
fuel fires (Class B fires) in 
installed systems, 
including both mobile and 
fixed systems, in 
accordance with 
paragraph 2 of part X of 
Annex A 

PFOA, APFO, 
ammonium salt of 

PFOA, PFOA-

related 
substances 

<3% in 
foam 
concentr
ate 

0.02-
0.08% in 
foam 

Yes hydrocarbons, 
detergents, siloxanes 
and proteins (ECHA, 
2018c) 

N/A 

6. Use of perfluorooctyl 
iodide for the production 
of perfluorooctyl bromide 
for the purpose of 
producing pharmaceutical 
products, in accordance 
with the provisions of 
paragraph 3 of part X of 
Annex A 

perfluorooctyl iodide 
(PFOI) contamination in 
PFOB (perfluorooctyl 
bromide) 

N/A N/A N/A N/A 

7. Manufacture of 
polytetrafluoroethylene 
(PTFE) and 
polyvinylidene fluoride 
(PVDF) for the 
production of: 
a. High-performance, 
corrosion-resistant gas 
filter membranes, water 
filter membranes and 
membranes for medical 
textiles 
b. Industrial waste heat 
exchanger equipment 
c. Industrial sealants 
capable of preventing 
leakage of volatile organic 
compounds and PM2.5 
particulates 

PFOA, APFO, PFOI N/A N/A N/A N/A 

8. Manufacture of 
polyfluoroethylene 
propylene (FEP) for the 
production of high-voltage 
electrical wire and cables 
for power transmission 

PFOA and its salts N/A N/A N/A N/A 

9. Manufacture of 
fluoroelastomers for the 
production of O-rings, v-
belts and plastic 
accessories for car 
interiors 

Ammonium salt of 
PFOA, Potassium salt of 
PFOA, Silver salt of 
PFOA, Sodium salt of 
PFOA, 
perfluorooctanoic acid, 

N/A N/A N/A N/A 
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2.5.3 Long-chain PFCAs, their salts and related compounds 

62. Table 9 below summarizes information on the specific exemptions listed under the Stockholm 
Convention for long-chain PFCAs, their salts and related compounds, the specific substances currently used 
for these applications, and the availability of alternatives. This information is primarily based on the risk 
management evaluation for long-chain PFCAs, their salts and related compounds 
(UNEP/POPS/POPRC.19/9/Add.2) and its related information document (UNEP/POPS/POPRC.19/INF/8). 
Further details are available in chapters 4 and 5.   

Present Uses Alternatives 

Specific Exemption Incumbent PFOA or 
PFOA-related 
compounds 

Typical 
Use 
Rate 

Physical and other Chemical Identity Trade 
Names 
and/or 

Producers 

ethylperfluorooctanoat
e, 
Methylperfluorooctano
ate, 
Pentadecafluorooctyl 
fluoride , Poly(oxy-1,2-
ethanediyl), α-
(4,4,5,5,6,6,7,7,8,8,9,9,1
0,10,11,11,11-
heptadecafluoro-2-
hydroxyundecyl)-ω-
[(4,4,5,5,6,6,7,7,8,8,-
9,9,10,10,11,11,11-
heptadecafluoro-2-
hydroxyundecyl)oxy]-, 
2-Propenoic acid, C16-
C18-alkyl esters, 
polymers with 
3,3,4,4,5,5,6,6,7,7,8,8,9,
9,10,10,10-
heptadecafluorodecyl 
acrylate, 
Cyclotetrasiloxane, 2-
(4,4,5,5,6,6,7,7,8,8,9,9,1
0,10,11,11,11-
heptadecafluoroundecy
l)-2,4,6,8-tetramethyl-, 
Si-[3-
(oxiranylmethoxy)propy
l] derivs, Trisiloxane, 
3,3'-
(3,3,4,4,5,5,6,6,7,7,8,8-
dodecafluoro-1,10-
decanediyl)bis[3-
[(dimethylsilyl)oxy]-
1,1,5,5-tetramethyl-, 
reaction products with 
4,4,5,5,6,6,7,7,8,8,9,9,1
0,10,11,11,11-
heptadecafluoro-1-
undecene 
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Table 9. Availability of alternatives to long-chain PFCAs, their salts and related compounds for specific 
exemption applications 

Specific Exemption Incumbent long-chain PFCAs, their 
salts and/or related compounds a,b 

Typical 
Use 
Rate 

Physic
al and 
other 
Altern
atives 

Chemical 
Identity 

Trade 
Names 
and/or 

Produce
rs 

1. Semiconductors 
designed for replacement 
parts not covered in 
paragraphs 2 (a) and (b) of 
Part XIV of Annex A 

• PFDA (C10 PFCA; Decanoic acid, 
nonadecafluoro-; CAS No. 335-76-
2) 

N/A N/A non-fluorinated 
surfactants: 

alkyl 
polyglucosides,  

polyoxyethylene 
surfactants 

 

 

BG10 and CG
50  

Brij35 and 
BrijS100 

2. Semiconductors 
designed for replacement 
parts for combustion-
engine-powered vessels in 
accordance with the 
provisions of paragraph 2 
of Part XIV of Annex A 

• PFDA (C10 PFCA; Decanoic acid, 
nonadecafluoro-; CAS No. 335-76-
2) 

N/A N/A 

 

 

 

 

 

non-fluorinated 
surfactants: 

alkyl 
polyglucosides,  

polyoxyethylene 
surfactants 

 

 

BG10 and CG
50  

Brij35 and 
BrijS100 

3. Replacement parts for 
motor vehicles that have 
ceased mass production* 
in accordance with the 
provisions of paragraph 2 
of Part XIV of Annex A 

* Covering all land-based 
vehicles, such as cars, 
motorcycles, agricultural 
and construction vehicles, 
and industrial trucks. 
Applications include 
semiconductors, coatings, 
cables, electronics, engines 
and under-hood 
applications, modules, 
hydraulic system 
components and relay 
assemblies. 

• PFDA (C10 PFCA; Decanoic acid, 
nonadecafluoro-; CAS No. 335-76-
2)  

• PFNA (C9 PFCA; Nonanoic acid, 
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-
heptadecafluoro-; CAS No. 375-95-
1) 

• Decanoic acid, 
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10
,10-nonadecafluoro-, ammonium 
salt (CAS No. 3108-42-7) 

• 8:2 FTOH (1-Decanol, 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
heptadecafluoro-; CAS No. 678-39-
7) 

• Poly(difluoromethylene), α-fluoro-
ω-[2-[(1-oxo-2-propen-1-
yl)oxy]ethyl]- (CAS No. 65605-70-1) 

• Perfluoro compounds, C5-18 (CAS 
No. 86508-42-1) 

• Poly(oxy-1,2-ethanediyl), α-hydro-
ω-hydroxy-, ether with α-fluoro-ω-
(2-
hydroxyethyl)poly(difluoromethyle
ne) (CAS No. 65545-80-4) 

N/A N/A N/A N/A 

a Based on available information. May be applicable to additional long-chain PFCAs, their salts and/or related compounds. 
b In regard to replacement parts for motor vehicles, available information suggests that some of the long-chain PFCAs, their salts and 
related compounds identified in automotive industry applications could result from indirect use of these substances rather than direct 
uses of long-chain PFCAs, their salts and related compounds. Refer to Chapter 5.4.3.1 for more details. 
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2.6  Summary of best available techniques (BAT) and best environmental 

practices (BEP) by process category 

2.6.1 PFOS, its salts and PFOSF 

63. Table 10 below summarizes information on BAT and BEP for the acceptable purposes and specific 
exemptions listed for PFOS, its salts and PFOSF under the Stockholm Convention. General principles on BAT 
and BEP are provided in Chapter 3. 

Table 10. PFOS, its salts and PFOSF: Summary of BAT and BEP for acceptable purpose and specific exemption 
applications 

Acceptable Purpose BAT BEP* 

1. Insect baits with 
sulfluramid (CAS No: 
4151-50-2) as an active 
ingredient for control 
of leaf-cutting ants 
from Atta spp. and 
Acromyrmex spp. for 
agricultural use only  

The techniques listed below stand on their own but are 
often considered to be complimentary to the use of toxic 
baits for controlling infestation: 

• Thermo-nebulization with permethrin: For initial large 
area land preparation and high infestation rate on mature 
Atta nests; 

• Mechanical Control: Excavation of the young nests and 
capturing the ant queens; 

• “Barriers” fastened around tree trunks, such as plastic 
tape coated with grease, plastic cylinders and strips of 
aluminium: For small areas, such as small orchards; 

• Dried-powder dusting with deltamethrin: 

i.To control nests no larger than 5 m2 

ii.To control young Atta colonies 

iii.To control certain Acromyrmex species 

• When using sulfluramid containing 
baits, collect all leftover baits after 
treatment followed by 
environmentally sound 
management and disposal according 
to the Basel technical guidelines and 
national legislation. 

Specific exemption BAT BEP* 

2. Hard-metal 
plating) only in closed-
loop systems 

• Non-fluorinated mist suppressants in hard chrome plating 
on a per-case basis see 5.2.2 

• Fluorinated, but non-PFOS-based, mist suppressants 
mostly based on 6:2 FTS or F53B see 5.2.3 For information 
on the potential risks associated with the use of short-
chain and other PFAS, see section 2.5. 

• Hard chromium plating in closed reactors see 5.2.4.1 

• Alternative wet chemical processes, like Cr(III)-
electrolytes, electroless nickel or nickel alloy deposition 
see 5.2.4.2 

• Alternative physical processes, like HVOF, PVD, EHLA and 
plasma nitriding see 5.2.4.3 

• PFOS-based mist suppressant in a “closed-loop system” 
that fulfills the criteria summarized in chapter 5.2.5 
including wastewater treatment by GAC and/or 
specialized ion exchangers 

• Ion exchange resins and activated carbon adsorption for 
removal or recover of the mist suppressants from 
wastewater 

• Non-fluorinated mist suppressants are available in 
decorative chromium Cr(VI) plating (see Willand et 
al.2022) 

• Recover the PFOS-based and PFAS-
based mist suppressants and reuse 
in closed-loop systems summarized 
in Chapter 5.2.5 

• Collect all waste, like PFOS-
containing adsorbents followed by 
environmentally sound 
management and disposal according 
to the Basel technical guidelines and 
national legislation 

.  

3. Fire-fighting foam 
for liquid fuel vapour 
suppression and liquid 
fuel fires (Class B fires) 
in installed systems, 

• Surrogate, non-fluorinated foams for training purposes, 
for testing and commissioning of fixed systems and vehicle 
proportioning systems  

• Follow best practices outlined in 
Chapter 5.1.3.5 to minimize releases 
to the environment and to collect all 
waste followed by environmentally 
sound management and disposal 
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including both mobile 
and fixed systems, in 
accordance with 
paragraph 10 of part III 
of Annex B 

• Fluorine-free foams for Class B fire-fighting foam 
concentrates (not yet for large storage tank facilities) 

• Short-chain fluorotelomer-based substances for Class B 
fire-fighting foam concentrates for large storage tanks 
only. 

• test fire-fighting systems, provided all releases are 
contained and disposed of in an environmentally sound 
manner; 

• Suppress liquid fuel vapour and liquid fuel fires in 
emergency situations. 

• For non-fluorinated alternatives see 5.1.3.2 

• For fluorinated alternatives see 5.1.3.3  

• For information on the potential risks associated with the 
use of short-chain PFAS, see section 2.5. 

according to the Basel technical 
guidelines and national legislation 

 

 

2.6.2 PFOA, its salts and PFOA-related compounds 

64. Table 11 summarizes the information on BAT and BEP for the specific exemptions listed for PFOA, its 
salts and PFOA-related compounds under the Stockholm Convention. General principles on BAT and BEP are 
laid out in Chapter 3. 

Table 11. PFOA, its salts and PFOA-related compounds: Summary of BAT and BEP for specific exemption 
applications 

Specific Exemption BAT BEP* 

1. Photolithography 
or etch processes in 
semiconductor 
manufacturing 

• For top antireflective coatings (TARC) applications PFOS and 
PFOA were replaced by a comb-like polymer consisting of a 
perfluorinated backbone connected through a linker to a short-

chain ( C4) PFAS-containing material with a water solubilizing 
end-group see 5.3.1.2 

• TARCs, as main source of PFAS wastewater releases from 
photolithography, should be collected directly on the machine 
before being diluted with thousands of cubic meters of cooling 
and rinsing water and disposed of as separate waste (see 5.3.1.3, 
SIA 2023a).  

• For photo acid generators (PAGs) applications PFOS and PFOA 
were replaced mainly with non-fluorinated substances (e.g. 
silicone-based surfactants) and short-chain PFAS substances for 
some specific applications. For non-fluorinated and non-chemical 
alternatives like new dry etch technology (ALE) see 5.3.1.2. 

Follow best practices outlined in 
Chapter 5.3.1.3 to minimize 
releases to the environment and 
to collect all waste followed by 
environmentally sound 
management and disposal 
according to the Basel technical 
guidelines. 

 

2. Photographic 
coatings applied to 
films 

• For non-fluorinated alternatives, like surface-active 
hydrocarbons and silicone chemicals see 5.3.2.4 

• Shorter-chain fluorotelomer-based products; C3 and C4 
perfluorinated compounds and silicone products were identified 
as possible alternatives to PFOA. For information on the potential 
risks associated with the use of short-chain PFAS, see section 2.5. 

• Transitioning to digital solutions is the most common alternative 
to the use of chemicals in photo-imaging. 

I&P Europe indicated that PFOA 
uses in photographic coatings 
will be eliminated by July 2025 
at the latest – see 5.3.2.4 

3. Textiles for oil- 
and water-repellency 
for the protection of 
workers from 
dangerous liquids that 
comprise risks to their 
health and safety  

• Non-fluorinated alternatives can provide the fabrics with good 
water repellence - see 5.3.3.3. Non-fluorinated alternatives or 
techniques may not be currently available to replace the use of 
PFASs in protective work wear (e.g., medical garments), where 
textiles must meet certain oil/dirt repellency requirements.  

• In these specific cases, the use of short-chain PFCAs may need to 
be considered. 

• For fluorinated alternatives see 5.3.3.4 

• For BEP measures see 5.3.3.6. 

• Measure emissions of PFAS in 
water every 3 month during 
textile manufacturing at all 
process stages, if used. 

• Non-polymeric PFAS, used 
during manufacture as a 
processing aid, persist in 
finished articles and can be 
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• Please note that some proposed alternatives might be under 
regulatory scrutiny in specific countries or regions or banned by 
major textile brands.  For information on the potential risks 
associated with the use of short-chain PFAS, see section 2.5. 

• Effluents from the textiles industries can be treated by 
technologies such as coagulation and flocculation, adsorption 
with activated carbon or different types of membrane filtration. 

released during the product 
lifespan, particularly by 
abrasion and during washing. 

• BREF reports in Europe stated 
that, in general, it is best to 
dispose of spent padding 
liquors directly via 
incineration. 

PFAS-containing textiles can in 
principle be identified and 
sorted after-use or at end of life, 
but this is rarely done in 
practice. 

4. Invasive and 
implantable medical 
devices 

• The PFOA exemption does not encompass  
- Non implantable/non-invasive medical devices (coatings, 

wound treatment, sterilisation gases); 

- Packaging for sterilized and non-sterilized medical devices. 

• No alternatives or BAT measures known. 

 

5. Use of 
perfluorooctyl iodide 
for the production of 
perfluorooctyl bromide 
for the purpose of 
producing 
pharmaceutical 
products, in accordance 
with the provisions of 
paragraph 3 of part X of 
Annex A 

• PFOB-containing waste resulting from the use of this substance 
as a processing aid for the manufacture of microporous particles 
is captured in serial carbon beds. 
 

BEP is to adhere to the general 
BEP measures and collect all 
PFOB-containing waste (PFOB- 
loaded carbon) followed by 
environmentally sound 
management and disposal 
according to the Basel technical 
guidelines on POPs waste in 
order to destroy or irreversible 
transform PFOB. 

6. Manufacture 
of 
polytetrafluoroethylene 
(PTFE) and 
polyvinylidene fluoride 
(PVDF) for the 
production of: 

a. High-
performance, 
corrosion-resistant 
gas filter 
membranes, water 
filter membranes 
and membranes for 
medical textiles 

b. Industrial 
waste heat 
exchanger 
equipment 

Industrial sealants 
capable of 
preventing leakage 
of volatile organic 
compounds and 
PM2.5 particulates 

• For non-fluorinated polymerisation aids, hydrocarbon-based 
surfactants, or surfactant-free production technologies see 
5.3.6.2. Note that non-fluorinated alternatives should not be 
presented as inherently risk-free.  

• For fluorinated alternative polymerisation aids, like GenX (HFPO-
DA), ADONA, EEA-NH4, 6:2 FTS and C6O4 see 5.3.6.3. GenX is 
classified as “Substance of Very High Concern (SVHC) by the 
European Chemicals Agency (ECHA). Since the alternatives 
mentioned above are highly mobile in water and persistent in the 
environment, manufacturing processes with largely closed-loop 
systems and most updated best available techniques (BAT) 
wastewater treatment technologies should be used including 
recovery for reuse before being released in the environment.   

• For wastewater treatment combining solids separation, 
adsorption (e.g., GAC/PAC), ion exchange resins, and/or 
membrane separation as concentration step with appropriate 
management of concentrates and residuals is reported. 

• For destruction of gaseous emissions a combination of high-
efficiency aerosol/particulate control (e.g., demisters/filters) 
upstream and activated carbon adsorption and/or thermal 
oxidation (site-appropriate) for polishing and destruction of 
relevant organic emissions and thermal oxidation is reported. For 
details see 5.3.6.2. 

• Please note that some proposed alternatives might be under 
regulatory scrutiny in specific countries or regions.  For 
information on the potential risks associated with the use of 
short-chain PFAS, see section 2.5. 

BEP is to adhere to the general 
BEP measures and collect all 
PFAS-containing waste followed 
by environmentally sound 
management and disposal 
according to the Basel technical 
guidelines and national 
legislation. 

 

7. Manufacture of 
polyfluoroethylene 

• For non-fluorinated alternatives, like ethylene propylene rubber 
(EPR), silicone rubber, and thermoplastic elastomers see 5.3.7.2. 

BEP is to adhere to the general 
BEP measures and collect all 
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propylene (FEP) for the 
production of high-
voltage electrical wire 
and cables for power 
transmission 

• For fluorinated alternatives like short-chain fluorinated 
substances, such as C4-C6 fluorotelomer-based copolymers, and 
GenX see 5.3.7.4 

• Please note that some proposed alternatives might be under 
regulatory scrutiny in specific countries or regions.  For 
information on the potential risks associated with the use of 
short-chain PFAS, see section 2.5. 

waste followed by 
environmentally sound 
management and disposal 
according to the Basel technical 
guidelines on POPs waste and 
national legislation. 

8. Manufacture of 
fluoroelastomers for 
the production of O-
rings, v-belts and 
plastic accessories for 
car interiors 

• Non-fluorinated elastomers are available if the required 
combination of thermal range and chemical resistance does not 
demand very high performance. Hydrogenated nitrile butadiene 
rubber (HNBR) and NBR-based fuel hoses are already 
commercially used for certain applications under less demanding 
conditions, but PFAS-free alternative spare parts are not yet 
suitable for all relevant uses - see 5.3.8.2. 

• For fluorinated alternatives see 5.3.8.2 

• BAT measures for producing fluoroelastomers are similiar to 
those for producing PTFE and PVDF - for details see 5.3.8.3 and 
5.3.6.2. 

 

• Please note that non-
fluorinated polymerisation 
aids, non-fluorosurfactant or 
surfactant-free technologies 
address the manufacturing 
process, while the resulting 
polymer remains an 
fluoroelastomer. 

• BEP is to adhere to the general 
BEP measures and collect all 
waste followed by 
environmentally sound 
management and disposal 
according to the Basel 
technical guidelines on POPs 
waste and national legislation. 

2.6.3 Long-chain PFCAs, their salts and related compounds 

65. Table 12 summarizes the information on BAT and BEP for the specific exemptions listed for long-
chain PFCAs, their salts and related compounds under the Stockholm Convention. General principles on BAT 
and BEP are laid out in Chapter 3. 

Table 12. Long-chain PFCAs, their salts and related compounds: Summary of BAT and BEP for specific 
exemption applications. 

Specific exemptions BAT BEP* 

1. Semiconductors designed for 
replacement parts not covered in 
paragraphs 2 (a) and (b) of Part XIV of 
Annex A 

• Information provided in section 5.3.1.1 on 
“Alternatives” to “photolithography or etch 
processes in semiconductor manufacturing,” 
also apply in general to semiconductors 
designed for replacement parts. However, 
there may be limitations when replacement 
parts must meet certain specific established 
specifications or when new technologies 
cannot be applied to older production lines. 

• Wherever it is possible to integrate BAT 
measures into existing production facilities 
TARCs, as main source of PFAS wastewater 
releases from photolithography, should be 
collected directly on the machine before 
being diluted with large amounts of cooling 
and rinsing water, and disposed of as 
separate waste (see 5.3.1.3, SIA 2023a).  

• Please note that some proposed alternatives 
might be under regulatory scrutiny in specific 
countries or regions.  For information on the 
potential risks associated with the use of 
short-chain PFAS, see section 2.5. 

 

BEP is to adhere to the general BEP 
measures and collect all waste 
followed by environmentally sound 
management and disposal according to 
the Basel technical guidelines on POPs 
waste. 

 

2. Semiconductors designed for 
replacement parts for combustion-
engine-powered vessels in accordance 
with the provisions of paragraph 2 of 
Part XIV of Annex A 

3. Replacement parts for motor 
vehicles that have ceased mass 
production* in accordance with the 
provisions of paragraph 2 of Part XIV of 
Annex A 
 
* Covering all land-based vehicles, such 
as cars, motorcycles, agricultural and 
construction vehicles, and industrial 
trucks. Applications include 
semiconductors, coatings, cables, 
electronics, engines and under-hood 
applications, modules, hydraulic system 
components and relay assemblies. 
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2.7 Relationship to the Basel Convention 

66. Under the Stockholm Convention, wastes consisting, containing and contaminated with POPs are, in 
accordance with Article 6, paragraph 1 (d) (ii), to be disposed of in such a way that the POP content is 
destroyed or irreversibly transformed so that they do not exhibit the characteristics of POPs or otherwise, 
they may be disposed of in an environmentally sound manner when destruction or irreversible 
transformation does not represent the environmentally preferable option, or the POP content is low, taking 
into account international rules, standards, and guidelines, including those that may be developed pursuant 
to paragraph 2, and relevant global and regional regimes governing the management of hazardous wastes. 

67. The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their 
Disposal, which entered into force on 5 May 1992, aims to protect human health and the environment against 
the adverse effects resulting from the generation, management, transboundary movements and disposal of 
hazardous and other wastes. It does this via a set of provisions on the transboundary movement of wastes 
and their environmental sound management. In particular, the Basel Convention stipulates that any 
transboundary movement (export, import or transit) of wastes is permissible only when the movement itself 
and the planned disposal of the hazardous or other wastes are environmentally sound.  

68. Paragraph 2 of Article 6 of the Stockholm Convention, which addresses measures to reduce or 
eliminate POP releases from stockpiles and wastes, provides that:  

“The Conference of the Parties shall cooperate closely with the appropriate bodies of the Basel 
Convention on the Control of Transboundary Movements of Hazardous Wastes and Their Disposal 
to, inter alia:  

(a) Establish levels of destruction and irreversible transformation necessary to ensure that the 
characteristics of persistent organic pollutants are not exhibited; 

(b) Determine what they consider to be the methods that constitute environmentally sound 
disposal referred to above; and 

(c) Work to establish, as appropriate, the concentration levels of the chemicals listed in Annexes 
A, B and C in order to define the low persistent organic pollutant content referred to in 
paragraph 1 (d) (ii).” 

69. In addition to the provisions of the Stockholm Convention, those of the Basel Convention are directly 
relevant to the application of BAT to address PFOS, PFOA, long-chain PFCAs, their salts and related 
compounds releases from waste. Considering that specific waste streams might be major potential material 
flows containing these substances, synergies between the Stockholm Convention and Basel Convention are 
of high importance. 

70. However, it should be noted that low POP content limit (LPCL) values referred to in the Stockholm 
Convention is independent from the provisions on determination of hazardous waste and requirements for 
transboundary movements under the Basel Convention. 

71. In these terms, the COP of Stockholm Convention takes note of the General technical guidelines on 
the environmentally sound management of wastes consisting of, containing or contaminated with persistent 
organic pollutants adopted under the Basel Convention (UNEP, 2027), which address matters related to all 
three of the provisions raised in Section 2 of Article 6 of the Stockholm Convention. These technical guidelines 
serve as an “umbrella” document and should be considered in conjunction with the following specific 
technical guidelines:  

i. The Technical guidelines on the environmentally sound management of wastes consisting of, 
containing or contaminated with perfluorooctane sulfonic acid (PFOS), its salts and 
perfluorooctane sulfonyl fluoride (PFOSF), perfluorooctanoic acid (PFOA), its salts and PFOA-
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related compounds, and perfluorohexane sulfonic acid (PFHxS), its salts and PFHxS related 
compounds (UNEP, 2025a);  

ii. The Technical guidelines on the environmentally sound management of wastes consisting of, 
containing or contaminated with the pesticides aldrin, alpha hexachlorocyclohexane, beta 
hexachlorocyclohexane, chlordane, chlordecone, dicofol, dieldrin, endrin, heptachlor, 
hexachlorobenzene, hexachlorobutadiene, lindane, methoxychlor, mirex, pentachlorobenzene, 
pentachlorophenol and its salts, perfluorooctane sulfonic acid, its salts and perfluorooctane 
sulfonyl fluoride, technical endosulfan and its related isomers or toxaphene or with 
hexachlorobenzene as an industrial chemical (UNEP, 2025b) 

72. Information related to the provisional definitions for LPCL values, the provisional definition for levels 
of destruction and irreversible transformation and methods considered to constitute environmentally sound 
disposal, are included in the general technical guidelines. All updated technical guidelines are available at the 
Basel Convention website. 

 

3 General principles and guidance on BAT and BEP for managing 

POP-PFAS 

73. The principles outlined in Chapter 3.1 and 3.2 are general and apply to managing all chemicals. 

3.1 Best environmental practices (BEP) 

74. Key ecological and economic advantages achieved through BEP implementation include protection 
of workers, the surrounding community and the environment.  

3.1.1 Implementation of a Chemical Management System (CMS) 

75.  The use of chemicals in a facility’s production processes and operations can pose significant risks to 
the environment and human health if not managed systematically and responsibly.  Regulations set the 
minimum standard and involve a framework of laws to control chemical risks and to prescribe safety and 
operational rules from manufacturing to disposal, all guided by Safety Data Sheets (SDS) for hazard 
communication. The implementation of a sound chemical management system is crucial to ensure worker 
safety and reduce the organization’s environmental impact on the community and the broader environment 
and is considered BEP. 

76. The primary goal of a chemical management system (CMS) is to ensure the safe, efficient, and 
environmentally sound handling of chemicals throughout their lifecycle, protecting human health and the 
environment while ensuring regulatory compliance and improving operational performance, and striving for 
continuous improvement. This is best achieved by utilizing a management system which is a set of policies, 
standards, processes, procedures and appropriate tools used by an organization to help fulfill goals, complete 
required tasks, and drive continual improvement. 

77.  A CMS consists of multiple sections, such as systematic monitoring of regulatory changes and control 
over compliance activities, procurement, inventory, labeling, storage, use, training, and disposal of chemicals 
to minimize risks like spills, exposure, and accidents, fostering a safer workplace and sustainable 
practices. Key to success are senior leadership endorsement and continued support, appropriate resource 
deployment, training, metrics and the willingness for continuous improvement. 

78. An excellent Chemical Management Framework has been published by the ZDHC (ZDHC, ZDHC-CMS-
Framework, CMS-TIG, ZDHC-CMS-TIG). 

79. For companies committing to continuous improvement, Responsible Care® (ICCA, Responsible Care 
Global Charter; Responsible Care Global Charter - International Council of Chemical Associations (ICCA)) is a 

https://www.basel.int/tabid/8025
https://downloads.roadmaptozero.com/process/ZDHC-CMS-Framework
https://downloads.roadmaptozero.com/process/ZDHC-CMS-Framework
https://downloads.roadmaptozero.com/reference-guide/CMS-TIG
https://downloads.roadmaptozero.com/process/ZDHC-CMS-TIG
https://icca-chem.org/resources/responsible-care-global-charter/
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well-recognized voluntary program for the chemical industry to drive continuous improvement in safe 
chemicals management and achieve excellence in environmental, health, safety and security. Currently, 
there are more than 60 Responsible Care® member associations around the world representing 69 
economies. In addition, there are more than 700 companies that have signed onto the Responsible Care 
Global Charter. 

3.1.2 Environmental management systems (EMS) 

80. A number of environmental management techniques are determined as BEP. The scope and nature 
of an environmental management system will generally be related to the nature, scale and complexity of the 
facility, and the range of environmental impacts it may have. One example of a good overall chemical 
management guide has been published by ZDHC (2015). A chemical management guide for small and medium 
sized enterprises has been published by the German Federal Ministry for Economic Cooperation and 
Development (GTZ 2008). Internationally recognized standards also exist (such as ISO 14001). 

81. The following sections provide basic information on environmental management systems. Their 
implementation will improve worker safety and environmental performance of the facility. 

3.1.3 Specific education and training of employees 

82. Initial and refresher training at the workplace are important aspects of chemical management as 
training is one key aspect in minimizing accidents in a manufacturing facility, in reducing overall 
environmental impact and in optimizing efficiency. The following topics should be considered for such 
training; please see ZDHC (ZDHC, ZDHC-CMS-TIG) for more details: 

i. Appropriate education of workers concerning potential hazards, possible routes of exposure 
and control measures to reduce the risk, Safety Data Sheets (SDS), Personal Protective 
Equipment (PPE), and safe handling, storing, using and disposing of chemicals and auxiliaries, 
especially in case of hazardous substances; 

ii. Leak and spill procedures; 

iii. Standard Operating Procedures (SOPs) on chemical management and emergency response 
measures; 

iv. Engineering controls, process- and machinery-specific training to increase the level of 
environmental awareness; 

v. Regular maintenance of technical equipment (machines in production as well as abatement and 
recovery devices such as filters and scrubbers) and general maintenance (e.g., pumps, valves, 
level switches); 

vi. Calibration of equipment for measuring and dispensing chemicals; and 

vii. Raising awareness that the drain is never an appropriate disposal system for chemicals. 

83. Training can be conducted by well-trained in-house experts or by accredited companies versed in 
chemical safety training.  

3.1.4 Additional considerations for BAT and BEP 

84. It is also important to consider the following forward-looking features: 

i. At the plant design stage, give consideration to the environmental impact of the eventual 
decommissioning of the unit; 

ii. If there is a suspected or confirmed case of POP-PFAS contamination at a production facility, 
storage facility, or application site (e.g., fire training grounds, chrome plating facilities), guidance 
on how to proceed can be found in the document: “guidance on best available techniques and 

https://icca-chem.org/wp-content/uploads/2020/09/Signatories-of-RC-Global-Charter.pdf
https://icca-chem.org/wp-content/uploads/2020/09/Signatories-of-RC-Global-Charter.pdf
https://downloads.roadmaptozero.com/process/ZDHC-CMS-TIG
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best environmental practices for the management of sites contaminated with persistent organic 
pollutants” (UNEP 2026). 

iii. Give consideration to the development of cleaner technologies; 

iv. Where practicable, conduct sectoral benchmarking on a regular basis, including energy 
efficiency and energy conservation activities, choice of input materials, emissions to air, 
discharges to water, water consumption and generation of waste; 

v. Ensure full details provision for activities carried out on-site, such as: 

o Descriptions of the wastewater, exhaust air and waste treatment methods and procedures 
in the place of installation; 

o Diagrams of the main plant items that have some environmental relevance, together with 
process flow diagrams (schematics); 

o Details on the control system philosophy and how the control system incorporates 
environmental monitoring information; 

o Details on how protection is provided during abnormal operating conditions such as 
momentary stoppages, start-ups and shutdowns;  

o Annual survey of the activities carried out and the waste treated, which contains a quarterly 
balance sheet of the waste and residue streams, including the auxiliary materials used for 
each site;  

vi. Have sufficient staff available on duty with the requisite qualifications at all times. All personnel 
should undergo specific job training and further education. 

3.2  General BAT and BEP measures applicable to working safely with 

Chemicals   

85. This Chapter describes general principles, measures and safety precautions that apply to all types of 
chemicals and industries handling them (CCOHS (2026), GTZ 2008). Further, The GESTIS Substance Database 
(IFA, n.d.) contains information in English for the safe handling of hazardous chemicals and other chemical 
substances at work, e.g., health effects, necessary protective measures and such in case of danger (incl. First 
Aid measures).  Furthermore, the user is offered information upon important physical and chemical 
properties as well as special regulations e.g., GHS classification and labelling according to EU CLP regulation 
(pictograms, H phrases, P phrases). The available information relates to about 9,400 substances. Data are 
updated after publication of new official regulations or after the issue of new scientific results.  

86. Exposure to chemicals can cause occupational disease and injuries. Chemicals can also be flammable 
or explosive. Before working with chemicals: 

i. Ensure that the standard operating procedures are understood and followed; 

ii. Read and understand the safety data sheet (SDS); 

iii. Check that the ventilation is working properly; 

iv. Make sure all containers are labelled correctly; 

v. Know where the eyewash stations and safety showers are located; 

vi. Wear the required personal protective equipment. 

3.2.1 Chemical knowledge, storage, handling, dosing, dispensing and transport 

87. When storing, handling, dosing, dispensing, and transporting any chemical caution should be used, 
necessary protective measures, and proper personal protective equipment worn, as follows: 
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i. Before ordering/receiving any chemical, review the local language Safety Data Sheet (SDS). If 
possible, avoid carcinogenic, mutagenic, reproductive toxic (CMR) and persistent, 
bioaccumulative and toxic (PBT) substances, and substances that can degrade to CMR or PBT 
substances (refer to Sections 2, 11 and 12 of the SDS). Resources such as the GESTIS Substance 
Database (IFA, n.d.) can be useful; 

ii. In case a complete SDS is not available from one supplier, order the product from an alternative 
supplier that provides one in case the substance or mixture has hazardous properties; 

iii. Gather information from your supplier on amounts of residual raw materials, by-products and 
potential degradation products in the product you intend to order; 

iv. Reject leaking or dented containers upon receipt; 

v. Chemicals should be properly stored according to the instruction of the most up-to-date SDS, 
preferably in GHS format; 

vi. Containers and equipment should be properly labelled; toxic and explosive chemicals should be 
stored in special compartments;  

vii. Chemicals should be dosed and dispensed without spilling, preferably by utilizing automated 
dosing systems. 

3.2.2 Minimization/optimization of the chemicals used 

88. Measure, mix and dose chemicals carefully to avoid losses (e.g., by using an automated dosing 
system), as follows:  

i. Minimize residual, left-over chemicals, by calculating exactly how much is needed for the process 
step; 

ii. Substitute overflow rinsing, or minimize water consumption in overflow rinsing, by means of 
optimized process control; 

iii. Reuse rinsing baths, including final rinsing baths, where possible; 

iv. Reverse current flows in continuous washing;  

v. Clean and recycle process water, where possible. 

3.2.3 Equipment 

89. To prevent releases to the environment via air, install dust collectors, wet air scrubbers or similar 
devices. In general, the drain is not an appropriate outlet for liquid waste and a community landfill is not an 
appropriate outlet for solid waste. 

3.2.4 Leak and spill procedure 

90. Follow instructions according to information provided on the SDS and make leak and spill procedure 
part of the operator training to enhance preparedness. 

3.2.5 Emissions reductions and waste management 

91. Adhere to waste disposal methods given in the SDS. Collect all waste and leftover chemicals from all 
processes and dispose of them in accordance with the guidance provided in the product SDS and in 
compliance with local rules, regulations and the Basel Convention technical guidelines (see chapter 2.7).  
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3.3  BEP measures for manufacturing of PFOS, PFOSF, PFOA, long-chain PFCAs, 

their salts and related compounds 

92. In case such products still need to be manufactured, the manufacturer should employ technology to 
minimize worker exposure and to minimize emissions to the environment, which includes water, air and soil, 
through the following measures:  

i. Technology should be deployed to minimize unreacted raw material and impurity content in 
products sold. 

ii. Effectiveness of deployed technology should be measured periodically, and a continuous 
improvement plan should be in place. 

iii. Information on active ingredients, unreacted raw material and impurity content in products sold 
should be made public to all customers and interested Parties. 

iv. Implement closed-loop systems to minimize PFAS emissions during the production process. This 
involves capturing, properly treating and recycling process gases and wastewater containing 
PFAS to prevent their release into the environment.  

v. Establish a PFAS-mass balance, for raw materials, products, wastewater, air emissions, sludges 
and spent media on a site-level. 

vi. Implement routine monitoring of influent, effluent and wastes (see vii)  

vii. Dispose of used filter media, concentrates, treatment residuals, spent activated carbon, ion-
exchange resins and other adsorbents, membranes, sludges and scrubber residues as waste in 
accordance with the Basel Guidelines.  

viii. To prevent releases of POP-PFAS to the environment via air, use a combination of the following 
abatement technologies: high-temperature combustion at suitably high temperatures and 
residence times, dust collectors, wet air scrubbers, de-mister or similar devices. Treat washing 
water from wet air scrubbers as explained below (Vander Aa et al., 2024). 

ix. To prevent releases of POP-PFAS to the environment via wastewater, use one or a combination 
of the following treatment technologies : adsorption on activated carbon, ion exchangers, and 
clay minerals/zeolithes, each of which is specialized for the removal of POP-PFAS, or membrane-
based techniques, like nanofiltration, reverse osmosis or “composite electrospun nanofiber 
membranes” (Pervez et al., 2025) and dispose of concentrates e.g., to high temperature 
incineration (Goelen et al.,  2023).  

In the EU-BREF process the following emerging techniques for waste water treatment to reduce 
PFAS emissions to water had been identified:  

Supercritical water oxidation: short- and long chain PFAS 

Non-thermal plasma treatment (NTP): long chain PFAS 

Electrochemical degradation using 
graphene sponge electrodes: 

long chain PFAS 

Closed-Circuit Reverse Osmosis (CCRO): short- and long chain PFAS 

Surface Active Foam Fractionation (SAFF): long chain PFAS 

UV-based photochemical destruction: long chain PFAS 

93. The Basel Convention technical guidelines contain more detailed information on the environmentally 
sound management of wastes consisting of, containing or contaminated with PFOS, its salts, PFOSF, PFOA, 
long-chain PFCAs, their salts and related compounds (see Chapter 2.7 for details). 
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3.3.1 BEP measures for manufacturing of other PFAS to avoid the unintentional 

production of long-chain PFCAs and their related compounds 

94. As described in the risk management evaluation for long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2) and its related information document 
(UNEP/POPS/POPRC.19/INF/8), long-chain PFCAs and their related compounds may be unintentionally 
produced during the manufacture of other PFAS, including those containing a carbon chain of less than nine 
carbon atoms and fluoropolymers. As reported in Table 7 of UNEP/POPS/POPRC.19/INF/8, long-chain PFCAs 
and their related compounds have been detected in various products and articles. In some cases, they may 
be present as impurities or as by-products in the commercial mixtures or materials used to manufacture the 
products and articles. Therefore, manufacturers should aim to minimise the unintentional presence of long-
chain PFCAs and their related compounds to the largest possible extent from commercial mixtures and 
materials. 

95. During the manufacture of PFAS with six perfluorinated carbons, substances with eight or more 
perfluorinated carbons are produced as by-products (see section 1.1 of UNEP/POPS/POPRC.19/INF/8 for 
more details). For example, during the manufacturing of the perfluorohexanoic acid- (C6 PFCA) related 
substances, the fraction containing mainly long-chain PFCAs (referred to as the C8-fraction) can include up to 
30% C9–C14 PFCAs and related compounds. The other fraction (the C6-fraction) has a reduced concentration 
of C9–C14 PFCAs (up to 25 parts per billion (ppb)) and their related compounds (in the low parts per million 
(ppm) range). These fractions can be reworked or further processed to reduce the concentration of C9–C14 
PFCAs in mixtures and articles placed on the market (ECHA 2018b). Other control measures, such as using a 
“purer” starting material when producing perfluorinated acids, avoiding electrochemical fluorination or 
controlling the telomerization process to produce specific chain lengths, could also be considered to minimize 
the unintentional production of long-chain PFCAs during the manufacture of other PFAS 
(UNEP/POPS/POPRC.19/9/Add.2). 

96. Long-chain PFCAs are also generated unintentionally in the polymerisation of fluoropolymers with 
perfluoroalkoxy-vinylethers. After polymerisation, long-chain PFCAs can be removed either by heat or by 
adsorption depending on the manufacturing process, although trace levels of long-chain PFCAs may remain 
as impurities (ECHA, 2020a,b). According to the information provided in response to the call for evidence 
launched by the European Chemicals Agency (ECHA) for the review of derogations to the restrictions on long-
chain PFCAs, their salts and related compounds, best available technologies exist that can reduce long-chain 
PFCAs in fluoropolymers (fluoroplastics and fluoroelastomers) that contain perfluoroalkoxy groups to 
concentrations <100 ppb (ECHA, 2020a,b). 

97. Long-chain PFCAs may also be unintentionally produced during other industrial processes, such as 
the manufacture of PTFE micro powders by ionising radiation or thermal degradation (ECHA 2018b, 2020a) 
(see section 1.1 of UNEP/POPS/POPRC.19/INF/8 for more details). Processes to reduce the concentration of 

C9−C14 PFCA impurities in PTFE micro powders with no technical function are being, or have been, developed 
by manufacturers in the European Union (ECHA, 2020a,b). 

98.  Information on impurity content, including the presence of unintentionally produced long-chain 
PFCAs and related compounds, should be disclosed to downstream users and competent authorities and, 
where feasible, made publicly accessible in a form that supports safer procurement, regulatory oversight and 
waste management. 

3.4  General BEP measures when using PFOS, PFOSF, PFOA, long-chain PFCAs, 

their salts and related compounds 

99. Measures: 

i. When using PFOS, PFOA, long-chain PFCAs, their salts or related substances, select a product that 
has a verified lowest possible amount of unreacted raw materials, impurities and potential 
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degradation products present; Ask your supplier to provide information on this regard (see 
Chapter 6); 

ii. Apply all BEP principles from above and adhere to BEP principles for the particular process 
outlined in the following Chapters; 

iii. Follow instructions given on the most recent SDS; preferably the SDS should adhere to GHS 
format and be provided in a local language version. Resources such as the GESTIS Substance 
Database (IFA, n.d) (see Chapter 3.2) might serve as additional data sources;  

iv. Please note that POP-PFAS may be present in products in such small quantities that they do not 
need to be listed in the safety data sheet (e.g., less than 1% or 0.1%). Nevertheless, when 
released without applying proper BEP measures they may have a significant impact on the 
environment, as the applicable concentration limits in environmental regulations may be 
considerably lower (by several orders of magnitude). 

v. Have dedicated equipment in your facility that only runs processes with PFOS, PFOSF, PFOA, long-
chain PFCAs, their salts and/or related compounds. 

3.5 BEP measures for manufacturing of alternatives to PFOS, PFOSF, PFOA, 

long-chain PFCAs, their salts and related compounds 

100. Measures: 

i. The manufacturer should employ technology to minimize exposure to workers and minimize 
emissions to the environment which includes water, air and soil; 

ii. The content of all previous Chapters on BEP apply and should be utilized; 

iii. Technology should be deployed to minimize unreacted raw material and impurity content in the 
products sold, with such impurities properly disposed of; 

iv. Information on POP-PFAS and unreacted raw material and impurity content in products sold 
should be made public to all customers and interested Parties. 

3.6  General BEP measures when using alternatives to PFOS, PFOSF, PFOA, 

long-chain PFCAs, their salts and related compounds 

101. Measures: 

i. Avoid any material that may contain PFOS, PFOSF, PFOA, long-chain PFCAs, their salts and/or 
related compounds as impurities or that can potentially degrade to form them; 

ii. Avoid regrettable substitution (see 2.5.1) 

iii. Avoid – if possible – alternative products that contain an unknown amount or high levels of 
unreacted raw materials and impurities; 

iv. Apply all BEP principles from above and adhere to BEP principles for your particular process 
outlined in the following Chapters;  

v. Follow instructions given on the most recent SDS; preferably the SDS should adhere to GHS 
format and be provided in a local language version. Resources such as the GESTIS Substance 
Database (IFA, n.d.) can be consulted for further information (See Chapter 3.2). 
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4  BAT and BEP measures for PFOS, its salts and PFOSF for 

acceptable purpose applications 

4.1  Insect baits with sulfluramid as an active ingredient for control of leaf-

cutting ants from Atta spp. and Acromyrmex spp. for agricultural use only 

4.1.1 Background 

102. N-Ethyl perfluorooctane sulfonamide (EtFOSA; CAS No. 4151-50-2), called sulfluramid, is a pesticide 
to control leaf-cutting ants of the genus Atta and the genus Acromyrmex and their species. Ingested 
sulfluramid is being metabolized to form perfluorooctanesulfonamide (FOSA) that interrupts ATP production 
in the mitochondria causing death of the animal. These leaf-cutting ant species are found on the American 
continent from central Argentina to the southern United States of America and represent the main pests of 
Brazilian forest plantations (eucalyptus and pine), agricultural production (corn, sugar cane, cassava and 
others) and to pastures in all affected regions with associated annual economic losses estimated to be in the 
order of several hundred million USD (Britto et al., 2016; Brazil submission as follow-up to POPRC-11; Zanetti 
et al., 2014; Fowler et al., 1986). Sulfluramid was introduced in Brazil to replace the active ingredient 
Dechlorane (Mirex) whose use was banned in 1993 (and is listed in Annex A of the Stockholm Convention). 

103. Nesting and food habits differ by species and therefore treatment technique and/or dosage may vary 
and need to be considered for this guidance (Zanetti et al., 2014). For a detailed species overview and their 
occurrence in Brazil, see Britto et al. (2016). 

104. For example, for Atta: 

i. Nests are loose soil mounds with chambers extending into the ground; 

ii. Specialize primarily on tree leaves; some Atta species are considered grass-cutting ants. 

105. For example, for Acromyrmex: 

i. Nests are typically smaller than Atta nests, more inconspicuous and are sometimes covered with 
plant debris or straw; 

ii. Nests are shallow in colder regions, deeper in warmer regions (up to 7 m deep); 

iii. Focus mainly on collecting grass, flowers and herbal leaves.  

106. Sulfluramid-containing pellet bait represents 95% of the formicide bait market in Brazil. The pellets 
consist of a mixture of an attractive substrate (vehicle) (usually dehydrated citric pulp from the orange juice 
industry and vegetable oil) that the ants identify as food and the active ingredient (insecticide). Baits are 
“ready to use” (0.3% active ingredient, see e.g., MIREX 0.3 GB (http://www.ramac.com.ni/?page_id=370)) to 
be directly applied from their packaging close to active nest entrance holes or anthill trails and carried into 
the colony by the ants themselves. The suggested dosage is 6 g -10 g insecticide/m2 of loose soil anthill (to 
control Atta) and 6 g-50 g insecticide/m2 of loose soil mound to control Acromyrmex. After the pellets have 
been carried into the nest, multiple ants lick the pellet fragments to prepare them for cultivation by the 
symbiotic fungus. This takes place, ca. 6 h to 18 h after the bait was transported into the nest.  

4.1.2 BAT and BEP for PFOS, its salts and PFOSF 

107. Assessment of BAT and BEP poses a challenge because the two genera of ants affect so many 
different agribusinesses of all sizes, and a distinction between controlling leaf-cutting ant species and other 
grass-cutting ant species is not clear. Although several publications and submissions by Parties are available, 
their focus is mainly on ways to control the genus Atta whereas little information is available on ways to 
controlling the genus Acromyrmex. It is known that toxic baits containing sulfluramid are sufficient, viable 
and effective (>80% colony control under field conditions). It is important to note that alternative 

http://www.ramac.com.ni/?page_id=370
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technologies are only effective and efficient in specific situations, and require specific equipment and 
different labor skills than those needed to apply toxic bait.  

108. Pesticides usually require a country-specific registration process and, therefore, it is important to 
ensure that the alternative substances listed below are registered for use before applying them. 
Furthermore, it is important to ensure the safety and health of the workers applying the chemicals in the 
fields. Proper personal protective equipment and other safety measures need to be adhered to as outlined 
in the safe handling instructions for each specific substance. This information should be available to all 
workers and should be reviewed with them prior to them handling the pesticides. 

109. From the available data, the following is BAT: 

i. For initial large area land preparation and high infestation rate on mature Atta nests: 
o Thermo-nebulization with permethrin or with fenitrothion 

ii. For small areas, such as small orchards: 
o Mechanical control: Excavation of the young nests and capturing the ant queens; 

o “Barriers” fastened around tree trunks, such as plastic tape coated with grease, plastic 
cylinders and strips of aluminum. 

iii. To control nests no larger than 5 m2: 
o Dried-powder dusting with deltamethrin.  

iv. To control young Atta colonies: 
o Dried-powder dusting with deltamethrin. 

v. To control certain Acromyrmex species (not further specified which species): 
o Dried-powder dusting with deltamethrin; 

o Baits containing sulfluramid. 

110. In general, chemical control with toxic baits containing sulfluramid has often been more practical, 
economical and operational to control the pests.  

111. According to the Brazilian Annex F information, sulfluramid cannot currently be efficiently replaced 
in Brazil by any other registered products commercialized for the same purpose:   

i. Advantages: 
o No specialized equipment needed for localized application 

ii. Disadvantages: 
o Labour intensive; well-trained manpower needed; 

o Required dosage per colony needs to be calculated. Potential for under-dosing and over-
dosing; 

o Cannot be applied during rain and when moisture is present (unless bait holders are used). 

112. BEP is, in addition to the general best practices for pesticides outlined in Chapter 2.7, to determine 
which ant genus is present to select the appropriate BAT. Where possible, consider an integrated pest 
management system to minimize the use of pesticides. When using sulfluramid containing baits, collect all 
leftover baits after treatment.  

113. Upon becoming waste, sulfluramid containing baits should be managed according to the Basel 
Convention General POPs technical guidelines (UNEP, 2025a) and the POP pesticides technical guidelines 
(UNEP, 2025b). 

4.1.2.1 Fluorinated Alternative 

114. Fipronil (CAS No. 120068-37-3): In Brazil, it is only registered for use in baits to control certain Atta 
species (i.e., dicotyledonuous leaf-cutting ants). There are insufficient data to determine whether this 
alternative substance is BAT. 
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4.1.2.2 Alternative technology 

115. Deploying alternative technology alone is likely not to be sufficient to effectively control infestation 
of leaf cutting ants of the genus Atta and the genus Acromyrmex and their species. 

1. Dried-powder dusting with deltamethrin: 

116. The insecticide deltamethrin (CAS No. 52918-63-5) is mixed in a talcum powder vehicle and manually 
applied via hand-held equipment (called “dusters”) into the ant hill holes (see Brazil submission as follow-up 
to POPRC-11). Before application, loose soil needs to be removed from the ant hill. This method is not 
effective in controlling large nests because the powder will not reach into the depth of all the tunnels. 

117. The technology is recommended for complimentary use to control initial nests of Atta species and 
some Acromyrmex species (Britto et al., 2016). 

118. Disadvantage: Cannot be applied to moist/wet soil that will cause clogging and clumping of the 
powder making it ineffective in reaching far into the nests. 

2. Thermo-nebulization, also called Thermal Fogging Technique (TFT): 

119. Thermal fogging is the generation of ultra-fine droplets in a range of 1 µm – 50 µm using thermo-
pneumatic energy (see Brazil submission as follow-up to POPRC-11). Units consist of an engine (a simple 
motor or a more sophisticated small pulse jet engine) that burns fuel in a combustion chamber which opens 
into a long exhaust pipe of smaller diameter (called a resonator) and a pressurized pesticide tank (e.g. 
PULSFOG®). Via controlled flow through a nozzle, the pesticide solution is injected into the hot exhaust gas 
stream near the outlet of the resonator causing it to be atomized forming ultra-fine fog droplets. This 
technique requires special equipment and up to 3 operators per nebulizer (when using large equipment). The 
active ingredient permethrin (CAS No. 52645-53-1) or fenitrothion (CAS No. 122-14-5) is mixed with diesel or 
kerosene as a vehicle. 

120. This technique can be applied to control Atta in mature nests but cannot be used to control 
Acromyrmex. It is being utilized in specific situations, such as very high infestation rates and initial land 
preparation for cultivation (ABRAISCA submission to POPRC-13). 

3. Mechanical control: 

121. Excavation of the young nests and capturing the ant queens is an effective way to control the leaf-
cutting ants in smaller areas. Excavation is recommended only during the third and fourth months after the 
nuptial flight, when the queens are about 20 cm deep in the soil (Zanetti et al., 2014). 

4. “Barriers”: 

122. Barriers are one of the oldest and most cost effective control methods used for these ants, but only 
in small orchards (Zanetti et al., 2014). Plastic tape coated with grease, plastic cylinders and strips of 
aluminum, plastic or metal are fastened around the trunks. However, constant inspections and repairs are 
necessary to protect the trees. This control mechanism may not be feasible for agricultural and forest crops 
because of the high maintenance requirements. 

123. An overview of other potential alternative substances and alternative technology, such as biological 
control method is provided by Britto et al. (2016). 

4.1.2.3 BAT and BEP 

124. Utilize an integrated pest management system by utilizing as many techniques as possible to 
control the pests and to minimize pesticide usage.   

125. For dried-powder dusting with deltamethrin: 

i. Calculate the required dosage to prevent under-dosing (inefficient pest control) and over-dosing 
(unnecessary environmental burden); 

http://www.pulsfog.de/sources/_downloads/pulsFOG%20thermal%20fogging.pdf
https://chm.pops.int/TheConvention/POPsReview-Committee/Meetings/POPRC13/POPRC13Followup/PFOSInfoSubmission/tabid/6176/Default.aspx
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ii. Avoid clogging tunnels; 

iii. Apply to dry soil only;  

iv. Collect left-over material and dispose of according to information of the manufacturer. 

126. For Thermo-nebulization with fenitrothion or permethrin: 

i. Use of the equipment should be restricted to professional use by persons of age and qualified 
operators duly instructed; 

ii. The hot exhaust gas of the engine of thermal foggers is a potential source of ignition. For this 
reason: Make a risk analysis and develop a strategy to prevent risks. Accordingly, strictly observe 
the safety instructions;  

iii. Operate the unit with the built-in automatic shut-off function active. Keep a fire extinguisher 
near at the unit readily available. For further details, see e.g. PULSOG®. 

127. For baits with sulfluramid: 

i. Qualification and periodical training of control teams; 

ii. Have experts recommend the most efficient method and period of application; 

iii. Calculate the required dosage to prevent under-dosing (inefficient pest control) and over-dosing 
(unnecessary environmental burden): 

o Place baits in proper location; 

o Place baits in dry weather periods only (or use bait stations to keep the baits dry); 

iv. Do not use baits in rainy weather or on moist/wet soil unless bait stations are properly used; 

v. Assess bait consumptions and control efficiency;  

vi. Collect and dispose left-over bait pellets according to information of the manufacturer. Send 
collected waste to incinerator that operates at temperatures mineralizing the sulfluramid. 

 

5 BAT and BEP measures for PFOS, PFOA, long-chain PFCAs, their 

salts and related compounds for specific exemption 

applications 

5.1  PFOS and PFOA: Fire-fighting foam for liquid fuel fires 

128. Fire-fighting foam for liquid fuel fires is an application where a specific exemption is listed for PFOS, 
its salts and PFOSF, and for PFOA, its salts and PFOA-related compounds. 

129. In the EU, firefighting foams containing PFOA, its salts, and PFOA-related compounds were allowed 
for the suppression of liquid fuel vapor suppression and liquid fuel fires (Class B fires) in already installed 
systems—both mobile and stationary—only until July 4, 2025 under the following conditions: 

i. Fire-fighting foam shall not be used for training, and shall not be used for testing unless all 
releases are contained; 

ii. From 1 January 2023, uses of fire-fighting foam shall only be allowed to sites where all releases 
can be contained; 

iii. Fire-fighting foam stockpiles shall be managed in accordance with Article 5 of Regulation (EU) 
2019/1021 (EU, 2019). 

 

http://www.pulsfog.de/sources/_downloads/pulsFOG%20safety%20instructions%20Thermal%20Fogger%20-Quer-%204-SEPT-2012.pdf
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5.1.1 Background 

130. Aqueous film-forming foam (AFFF), sometimes referred to as aqueous fire-fighting foam, is a generic 
term for fire-fighting and/or vapour suppression products used globally to protect both lives and property. It 
is important to point out that the majority of products used are so called foam concentrates while the foam 
that extinguishes the fire will be generated on-site in real time by mixing with water. AFFFs are unique among 
other fire-fighting foams in that they contain a small percentage of fluorinated surfactant. This key ingredient 
brings performance attributes to the product, which enables it to be effective in extinguishing and preventing 
Class B fires with flammable liquids. For a definition of classes of fire, see e.g, the European standard EN 2, 
“Classification of fires” (EN 2:1992/A1:2004).  

131. AFFF agents are formulated by combining synthetic hydrocarbon surfactants with fluorinated 
surfactants. When mixed with water, the resulting solution achieves extremely low surface tension allowing 
the solution to produce an aqueous film that spreads across a hydrocarbon fuel surface. Alcohol-resistant 
AFFF (AR-AFFF) products are designed to be also effective at extinguishing flammable liquid fires containing 
alcohols and other water miscible flammable organic substances. More information on types and 
composition of fire-fighting foams can be found e.g., in Korzeniowski et al. (2018).  

132. AFFF products can be used in fixed and portable systems (e.g., sprinkler systems, handheld fire 
extinguishers, portable cylinders, fire-fighting vehicles (fire trucks), etc.). In most situations, AFFF is 
purchased as a concentrate, typically referred to as “3%” to “6%” depending on its mixing ratio (during use) 
with water. 

133. Prior to 2000, fluorinated substances used in AFFF concentrates often included PFOS- or PFOA-
related substances, which resulted in AFFF that contained 0.5 wt% to 6 wt% PFOS or PFOS precursors or 
PFOA-related substances in concentrations of 1 wt% to 3 wt% (ECHA, 2014). At the same time, AFFF 
concentrates based on long-chain fluorotelomers were also available for certain products and uses. Shortly 
after the phase-out announcement by 3M in 2000, PFOS-based AFFF concentrates were generally no longer 
available in many industrialized countries and generally substitution of long-chain PFAS with shorter-chain 
PFAS has taken place. The primary supply of fluorinated surfactants for AFFF then became 6:2 fluorotelomer-
based. Manufacturers of fluorotelomer-based AFFF have been replacing long-chain fluorinated surfactants 
with shorter-chain fluorinated surfactants based often on C6 chemistry (Fire Fighting Foam Coalition, 2017). 
A study on fire-fighting foam concentrates used in Europe indicated that used fluorinated substances differ 
in chain length and head groups and only a relatively small amount of these substances could be identified 
by CAS/EC number (Wood-Ramboll- Cowi, 2020). Some countries and/or regions have implemented 
regulations addressing the phase-out of foam concentrates containing PFOS or PFOA-related compounds, for 
example, the European Union, Canada and Norway (UNEP/POPS/POPRC.14/6/Add.2) or in several airports in 
Costa Rica. In addition, the European Union also restricted use of all PFAS in firefighting foams given that the 
availability of PFAS-free alternatives has increased (Commission Regulation (EU) 2025/1988). 

5.1.2 Alternatives and types of fire-fighting foam concentrates  

134. Fire-fighting foams are divided into two major categories: synthetic foams (such as AFFF) and protein 
foams. Synthetic foam concentrates are formulated with manufactured surfactants, solvents and stabilisers. 
The category encompasses both fluorinated and non-fluorinated surfactant based foam concentrates: 

i. AFFF and AR-AFFF foam concentrates based on synthetic hydrocarbons and synthetic 
fluorinated substances; 

ii. Training foams that are used as AFFF and AR-AFFF substitutes in training and system testing and 
commissioning tests; 

iii. Class A foams used primarily as wetting agents for Class A fire protection and wildland/forestry 
protection;  
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iv. Fluorine-free fire-fighting foam concentrates derived from protein or synthetic foams. These 
concentrates are based on hydrocarbons and/or other surfactants and detergents. Siloxane 
based foam concentrates are currently under development though are not currently a viable 
alternative. 

135. Protein-based foam concentrates contain natural proteins as foaming agents. Types of protein foams 
include regular protein foam (P), fluoroprotein foam (FP), film-forming fluoroprotein foam (FFFP), alcohol-
resistant fluoroprotein foam (AR-FP) and alcohol-resistant film-forming fluoroprotein (AR-FFFP). Note that 
FFFP, AR-FP and AR-FFFP contain fluorinated surfactant mixed with proteins. 

136. Most of the fluorine-free foams (F3) are intended for use on class B fires as well as class A fires (EC 
and ECHA, 2020). The substances that are being used to produce these alternative foams show similarities 
across different companies/products. A list of fluorine-free foams that are available and used in the EU 
market is given in UNEP/POPS/COP.10/INF/25 (Table 6 in the document). 

5.1.3 BAT and BEP for POP-PFAS in firefighting foams  

137. It is important to select the correct type of foam concentrate to be used according to the flammable 
liquid and application. Foam concentrates are tested by manufacturers to meet internationally or national 
recognised performance standards.  

138. Non-fluorinated foam concentrates are available and technically feasible for almost all applications 
of class B fires including aviation, upstream petrochemical sector (e.g., offshore installations) and marine 
applications (Wood-Ramboll-Cowi, 2020). Successful replacements of military applications in Denmark and 
Norway indicate the suitability of viable alternatives, however, military approvals can be a time-limiting step 
in substitution. In January 2023, the U.S. DoD published the MIL-PRF-32725 Military Specifications to enable 
the development of Fluorine-Free Foam (F3) liquid concentrates that meet DoD’s fire extinguishing 
performance standards for land-based and freshwater applications (U.S. DoD, 2024). Qualified products 
under these specifications are not intended for use on polar solvents or on-board military ships. A few F3 
have been tested by the U.S. DoD and are currently listed on the qualified products list for these specifications 
(QLP-32725) (U.S. DoD, 2025). While non-fluorinated alternatives for most training scenarios in the 
petrochemical industry and large tank farms can be applied, the technical feasibility of fluorine-free 
alternatives for large tanks above 500 m² surface area are not fully proven yet (DGMK Project 230-01 1985; 
Wood-Ramboll-Cowi, 2020).  

139. In addition to the general BEP measures outlined in Chapter 3, that should be followed, best practices 
should be applied as outlined below and in alignment with the Basel technical guidelines to minimize releases 
to the environment and to collect all waste. Furthermore, provisions prohibiting the use of fire-fighting foam 
that contains or may contain PFOS, PFOA, their salts and related compounds for training, and restricting their 
uses to sites where all releases can be contained are included in the listing of these substances under the 
Stockholm Convention, as outlined in paragraph 2 of Part X of Annex A (PFOA) and paragraph 10 of Part III of 
Annex B (PFOS). 

140. For the transition to non-fluorinated foams cleaning procedures can differ significantly. Only tailoring 
the cleaning approach based on system configurations and material response will deliver the best results 
(European Union, 2025). Several guidance is available to assist a safe and effective transition. For example, 
The Arctic Council has developed a clean out protocol for atmospheric foam storage tanks (Arctic Council, 
2024). After cleaning, a test is necessary to ensure that PFAS levels are below the acceptable threshold. 
(European Union, 2025). 

141. The AFFF Phase Out in the Arctic Transition Manual, prepared by ENRgConsultants for the Arctic 
Council’s Arctic Contaminants Action Program (ACAP, 2024), is a comprehensive manual providing detailed 
information on the process for transitioning from an existing PFAS-containing fire-fighting foam to a non-
fluorinated (fluorine-free) fire-fighting foam, and associated application equipment and systems. More 
specifically, it outlines the general process for the transition (as illustrated in Figure 5) and includes specific 
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protocols for cleaning out, retaining or disposing of contaminated equipment and liquid effluents, so that the 
final system is ready for operating in a fluorine-free environment. Although the manual was developed for 
the use of any fire-fighting foam users in the Arctic Region, it is described as generally applicable to all foam 
users globally. https://oaarchive.arctic-council.org/items/b59e5d94-8213-47e8-8993-07c66de60c24 

142. The European Union has also developed an EU Guidance for transitioning to Fluorine-Free 
Firefighting Foams (EU, 2025). The Guidance provides information on available fluorine-free alternatives, 
methodologies for detecting and mitigating PFAS residues, and recommendations for environmentally sound 
disposal practices. 

 

Figure 5. Overview of the process for transitioning from fluorinated to non-fluorinated fire-fighting foam 
(ACAP, 2024). 

5.1.3.1 Alternative substances:   

143. As outlined in part II of decision SC-9/13, in general, usage of non-fluorinated alternatives is 
recommended where available, feasible and efficient because fluorine-based fire-fighting foams could have 
negative environmental, human health and socioeconomic impacts due to their persistence and mobility. 

5.1.3.2 Non-fluorinated alternatives 

144. As outlined in UNEP/POPS/POPRC.19/9/Add.2, due to the regulatory pressure and consumer 
preferences for non-fluorinated replacements, many producers of PFAS-containing foams have introduced 
fluorine-free alternatives (ECHA, 2022). Most of these fluorine-free foams are advertised for use on class B 
hydrocarbon fuel fires (such as oil, diesel and aviation fuels), as well as class A fires (such as wood, paper, 
textiles). ECHA (2022) identifies replacement substances or substance groups used in fluorine-free foam 
concentrates; hydrocarbons; detergents; siloxanes; and proteins. ECHA (2022) also provides an analysis of a 
short list of fluorine-free alternative products to PFAS-containing fire-fighting foams. This was based on 
factors including technical feasibility by sectors, availability and risks. The EU restrictions on PFAS in 
firefighting foams (ECHA, 2023a) concluded that technically and economically feasible fluorine-free 
alternatives are available and can be implemented in most (but potentially not all) sectors/uses and thus 
longer transitional periods were set. The sectors/uses for which the appropriate performance of fluorine-
free alternatives were considered to not yet be fully demonstrated are the use by certain types of Seveso 
installations (i.e., establishments where industrial processes involving hazardous substances are carried out) 
and offshore installations belonging to the oil and gas industry. However, PFAS-free alternatives have been 
identified for the offshore oil installation, with a  successful substitution in Norway (ECHA, 2023b).  As 
discussed in section 2.3 of UNEP/POPS/POPRC.19/9/Add.2, it should be noted that concerns related to the 
PBT and/or very persistent and very bioaccumulative (vPvB) properties of, and potential exposure to, certain 
siloxanes that may be used as fluorine-free alternatives have been identified. 

145. A compilation of identified substances can also be found in the report by Wood-Ramboll-Cowi (2020) 
with examples of substances used in most commonly named products (based on market analysis and 

https://oaarchive.arctic-council.org/items/b59e5d94-8213-47e8-8993-07c66de60c24
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stakeholder engagement) listed in Table 13 in the Annex of the Guidance. However, it is unclear whether the 
substances listed are the key ingredients that provide the key properties of the foam to work and to fulfill 
the performance requirements. In addition, this analysis was done for Europe and does not reflect the global 
market. 

Table 13. Alternative fluorine-free fire-fighting foam concentrates with (partial) compositional information 
(Wood-Ramboll-Cowi, 2020) 

Substance CAS number Concentration % Product 

1-dodecanol 112-53-8 0.1 - 1 Respondol ATF 
3/6 1-tetradecanol 112-72-1 0.1 - 1 

1-butoxy-2-propanol 131-66-8 4 - 10 

Sulfuric acid, mono-C8-C10 (even numbered)- alkyl 
esters, sodium salts 

5338-42-7 1 - 4 

1,2-propandiol 57-55-6 4 - 10 

Sodium lauryl sulphate 8891-38-3 < 4 

Alkylamidobetaine 61789-40-0 < 5 Moussol FF3x6 

1,2-ethandiol 107-21-1 < 10 

2-(2-butoxyethoxy)ethanol 112-34-5 < 10 

Alkylamidobetaine 147170-44-3 < 5 

Sulfuric acid, mono-C8-C14 (even numbered)-alkyl 
esters, compds. with triethanolamine 

85665-45-8 < 10 

Ethane-1,2-diol 107-21-1 < 10 Orchidex 
BlueFoam 3x6 D-Glucopyranose, oligomeric, C10-16-alkyl glycosides 110615-47-9 5 - < 10 

2-(2-butoxyethoxy)ethanol 112-34-5 1 - < 5 

Ammonium Lauryl Sulfate 32612-48-9 15 - < 20 

Sulfuric acid, mono-C10-C16-alkyl esters, ammonium 
salts 

68081-96-9 1 - < 5 

Sucrose 57-50-1 > 1 Re-Healing 
Foam RF1 1% 1-Propanaminium, 3-amino-N-(carboxymethyl)-N,N-

dimethyl-, N-coco acyl derivatives, hydroxides, inner 
salts 

61789-40-0 < 10 

2-(2-butoxyethoxy)ethanol 112-34-5 < 20 

Sodium octyl sulphate 142-31-4 < 10 

Sodium decyl sulphate 142-87-0 < 3 

1-Propanaminium, N-(3-aminopropyl)-2-hydroxy-N,N-
dimethyl-3-sulfo-, N-coco acyl derivs., hydroxides, 
inner salts 

68139-30-0 < 10 

Amides, coco, N-[3-(dimethylamino)propyl] 68140-01-2 < 0.2 

Amides, coco, N-[3-(dimethylamino)propyl], N-oxides 68155-09-9 < 1 

D-Glucopyranose, oligomers, decyl octyl glycosides 68515-73-1 < 3 

Sulfuric acid, mono-C12-14-alkyl esters, compds. with 
triethanolamine [Alkyl-(C10-C16)-alcohol sulfuric acid 
ammonium salt] 

90583-18-9 
(EC number) 

< 10 

Poly(oxy-1,2-ethanediyl), α-sulfo-ω-hydroxy-, C9-C11-
alkyl ethers, sodium salts 

96130-61-9 < 3 

Sucrose 57-50-1 > 1 Re-Healing 
Foam RF3x6 
ATC 

2-(2-butoxyethoxy)ethanol 112-34-5 < 20 

Starch 9005-25-8 > 1 

1-Propanaminium, N-(3-aminopropyl)-2-hydroxy-N,N-
dimethyl-3-sulfo-, N-coco acyl derivs., hydroxides, 
inner salts 

68139-30-0 < 2.5 
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146. Several international standards are available with distinct compliance criteria e.g., UL/ICAO/EN 
standards. The European Standards EN 1568 Part 1-3 (EN Standards, 2018) specify requirements for chemical 
and physical properties as well as minimum performance requirements for different expansion foam 
concentrates for surface application to water-immiscible liquids. Part 4 deals with low expansion foam 
concentrates used for water-miscible liquids. The standards measure extinguishing performance and 
burnback resistance. Non-fluorinated foams can meet the highest grade (A1) for both Part 3 and Part 4 
(Wood-Ramboll-Cowi, 2020). Foams are developed to meet specific standard requirements, and it is 
important to note that test methods used for standardization and certification of PFAS-based foams are not 
necessarily the most appropriate ones for fluorine-free foams based on e.g., different application methods. 
Thus, comparison may be challenging based on certification only (ECHA, 2023a). Also, incorrect or sub-
optimized application methods that might be tolerable with AFFF can result in suppression failure with non-
fluorinated foams. 

5.1.3.3 Fluorinated alternatives  

147. According to a study on the use of fluorinated and fluorine-free alternatives in fire-fighting foam 
concentrates several short-chain based fluorotelomers with different charged head groups were identified 
by CAS numbers. 6:2 Fluorotelomer sulfonamide betaine (CAS N°34455-29-3) and N-[3-
(dimethylamino)propyl]-3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctanesulphonamide N-oxide (CAS N°80475-
32-7) are fluorinated compounds with minor market share estimates for Europe. In addition, other non-
polymeric PFAS are used as replacements, e.g., dodecafluoro-2-methyloentan-3-one (CAS N°756-13-8) 
(Wood-Ramboll-Cowi 2020). Please note that some proposed alternatives might be under regulatory scrutiny 
in specific countries or regions.  For information on the potential risks associated with the use of short-chain 
PFAS, see section 2.5. 

148. Additionally, the majority of fluorinated substances in fire-fighting foam concentrates were only 
described by name/structure in the scientific literature. A 2018 Eurofeu survey among five foam 
manufacturers representing 60%-70% of the EU market found that three non-polymeric PFAS compounds 
that accounted for 87% share of the EU fire-fighting foam concentrate market were not known due to 
confidentiality claims (Wood-Ramboll-Cowi 2020). Details on AFFF surfactant structures, supplier and 
product names can be found in the reports by Wood-Ramboll-Cowi (2020) and Backe et al. (2013). 

149. Examples of fire-fighting foam concentrates containing fluorotelomers and suppliers for short-chain 
fluorotelomer based surfactants are summarized in Table 14. 

Table 14. Examples of fire-fighting foam concentrates containing fluorotelomers and suppliers for short-chain 
fluorotelomer based surfactants 

Designation (synonyms) Acronym CAS EC Supplier and Product Name 

Fluorotelomer sulfonates 4:2 FTS 757124-72-4 816-391-3  Angus Fire, 2004 Tridol S 3%; Ansul 2002 
Anslite 3% AFFF-DC-6; Hazard Control 
Tech 1197 F-500; National Foam 

4:2 Fluorotelomer 
thioamido sulfonates 

4:2 FtTAoS 1432486-88-8 N/A Ansul AFFF formulations; Angus Fire, 2004 
Tridol S; Ansul, 2002 Ansulite 3% AFFF DC-
3; Ansul, 2006 Ansul Anulite ARC; Hazard 
Control Tech., 1997 F-500; Chemguard; 
Ansul; Angus 

5:1:2 Fluorotelomer betaine 5:1:2 FTB 171184-02-4 N/A 3M; Ansul, 2002 Ansulite 3% AFFF DC-3; 
Buckeye 2009; Buckeye AFFF 2004 

5:3 Fluorotelomer betaine 5:3 FTB 171184-14-8 N/A 3M; Buckeye 
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Designation (synonyms) Acronym CAS EC Supplier and Product Name 

6:2 Fluorotelomer 
sulfonamide betaine 

6:2 FTAB 34455-29-3 252-046-8 STHAMEX® -AFFF 3% F-15 #4341; Dr. 
Sthamer; 3M; National Foam; F-500, 
Hazard Control Tech., 1997 (Foam 1); 
Angus Fire, 2004 Tridol S; Angus Fire, 2000 
Niagara 1-3 

6:2 Fluorotelomer alcohol 6:2 FTOH 647-42-7 211-477-1 No product/supplier is mentioned; 
Publications are based on environmental 
samples (likely an impurity) 

6:2 Fluorotelomer sulfonate 6:2 FTS 27619-97-2 248-580-6 Dr. Richard Sthamer GmbH & Co. KG 
STHMEX-AFFF 3%; Hazard Control Tech., 
1997 F-500; Angus Fire, 2004 Tridol S 3 %; 
Angus Fire, 2000; Niagara 1-3; Angus Fire, 
1997; Forexpan; Angus Fire, 2004 Tridol S 
3 %; Ansul, 2002 Ansulite 3 % AFFF - DC-4; 
Ansul, 2006; Ansul Anulite ARC; National 
Foam 2005; National Foam 2007; National 
Foam 2008;  

6:2 Fluorotelomer 
sulfonamide amine 

6:2 FtSaAm 1383438-86-5 N/A 3M; National Foam 2005; National Foam 
2007; National Foam 2008;  

6:2 Fluorotelomer thioether 
amido sulfonic acid 

6:2 FtTAoS 88992-47-6 N/A Angus Fire, 2004 Tridol S; Ansul 1986; 
Ansul 1987; Angus Fire, 2000 Niagara 1-3; 
Ansul, 2002 Ansulite 3% AFFF DC-3; Ansul 
2009; Ansul 2010; Chemguard 2008; F-
500, Hazard Control Tech., 1997 

6:2 Fluorotelomer thio 
hydroxy ammonium 

6:2 FtTHN+ 88992-46-5 N/A 3M 

Note that some proposed alternatives might be under regulatory scrutiny in specific countries or regions.  For information 
on the potential risks associated with the use of short-chain PFAS, see section 2.5. 

150. It should be noted that controls and bans of AFFF and/or fire-fighting foam containing PFAS are 
increasing in multiple jurisdictions globally, such as Australia, Canada, member states of the EU, the United 
Kingdom, the U.S. and New Zealand (ECCC and HC, 2025; European Commission, 2025). 

5.1.3.4 Alternative technology: 

151. There are several alternative technologies that can either replace AFFF or complement non-
fluorinated (so called fluorine free) foam formulations while meeting established fire protection performance 
standards. For example, encapsulator agent technologies are certified under NFPA 18A, where compliant 
agents must demonstrate the ability to suppress or render flammable fuels non flammable. Many of these 
agents also meet additional certifications in North American and in Europe and hold Underwriters 
Laboratories (UL) classified wetting agent designations, confirming broad conformity with North American 
and European performance benchmarks. In parallel, ignitable liquid drainage floor systems (ILDFAs) have 
been evaluated and approved under FM Standard 6090 and were formally included in NFPA 409 in the 2022 
edition as an accepted alternative to foam based hangar suppression systems. Additionally, buoyant fire-
fighting media designed for passive fire prevention and vapour suppression in flammable liquid storage are 
now UL listed under UL 63345, the standard governing buoyant media for protection against full surface fires 
in fixed flammable liquid tanks. Collectively, these certified technologies demonstrate that multiple qualified, 
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standards compliant, non-foam alternatives to AFFF are already available and can support fire protection 
needs across a range of operational contexts. 

5.1.3.5 Best environmental practices: 

152. The Fire Fighting Foam Coalition published best practice guidance for use of Class B fire-firefighting 
foams (FFFC, 2016). Key points representing BEP are: 

i. Training Foams: Use foams that do not contain fluorinated surfactants; 

ii. Testing and Commissioning of Fixed Systems and Vehicle Proportioning Systems: Use surrogate 
liquid test methods that do not contain fluorinated surfactants; 

iii. Provide for containment, treatment and proper disposal of any foam solution – do not release 
directly to the environment; 

iv. Develop firewater runoff plans; 

v. Collect and contain firewater runoff; 

vi. Treat firewater runoff with a combination of coagulation, flocculation, electro-flocculation, 
reverse osmosis and adsorption on activated carbon (GAC), and incinerate the activated carbon; 
or 

vii. Incinerate firewater runoff in appropriate equipment;  

viii. Disposal of Class B foam concentrate: send for thermal destruction (high temperature 
incineration) to a facility permitted for handling halogenated waste or the equivalent. 

153. Foam concentrates based on PFOS and PFOA-related compounds, including their impurities and (pre-
treated) firewater runoff, should be disposed according to disposal methods as per the Basel convention 
technical guidelines. According to a study on use of specific PFAS and “fluorine-free alternatives in fire-
fighting foam concentrates, some countries have local or national regulations in place to prevent release of 
fire-fighting foam or firewater run-off. Also, for infrastructures like airports or petrochemical facilities, or fire-
fighter training sites, the location should be engineered to allow capture of fire-fighting water (followed by 
appropriate disposal). However, for live incidents the releases of fire-fighting foams are situation and site 
specific, and it may not be possible to retain all runoff from fire-fighting (Wood-Ramboll-Cowi, 2020). 

154. Based on historic accidents and pollution of rivers from fire-fighting waters and foams, recognizing 
that this is a transboundary issue, the United Nations Economic Commission for Europe (UNECE) developed 
safety guidelines and good practices for fire-water retention, with recommendations for fire-water retention 
to governments, competent authorities and operators. These guidelines are also applicable to PFAS 
containing firefighting foams. Technical and organizational measures are outlined, including fire-fighting 
water retention dimensions, planning and design of retention systems, and disposal. The design of the 
retention system is key, and systems can be installed permanently with pre-installed water barriers or 
permanent retention basins (including pumping installations), or be provided as mobile facilities like fire-
fighting water barriers, hoods and sealing pads, and mobile storage tanks (UNECE, 2019). 

155. It is useful to set a limit for wastewater discharge e.g., PFAS-containing wastewater originating from 

the use of firefighting foams with a PFAS content of ≥ 1mg/L must be separately collected and treated using 
methods that destroy or irreversibly transform the PFAS content within the EU. As a consequence, discharge 
into the municipal sewage system is not permitted (Commission Regulation (EU), 2025/1988). 
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5.2 PFOS and its salts in Metal plating (hard metal plating) only in closed-

loop systems 

5.2.1 Background 

156. Metal plating as hard metal plating refers to functional chromium plating; a process of 
electrodepositing a layer of chromium directly onto substrates from an aqueous chromium-plating 
electrolyte. In terms of chromium plating, the deposited chromium layer can provide different optical and 
physical properties as a function of deposited thickness (see Table 15), and thickness also influences 
performance-relevant features such as cracking/porosity, internal stress and wear behaviour. Previously, 
according to the BAT Reference Document (BREF) Surface Treatment using Organic Solvents (EC, 2007) and 
Blepp et al. (2015), PFOS had also been used in alkaline cyanide-free zinc and zinc alloy electrolytes, in 
electroless nickel plating, as well as in acidic gold-palladium and rhodium processes. This Chapter discusses 
only chromium plating and the use of PFOS or fluorosurfactants in relation to Cr(VI) containing electrolytes. 
Cr(VI) containing electrolytes are used in functional chromium plating, which has higher corrosion protection 
than decorative chromium plating.  

Table 15. Parameters and properties of functional chromium plating and decorative chromium plating (based 
on Blepp et al., 2015; CTAC, 2015; and Netherlands’ submission as a follow-up to POPRC-11). 

Parameter/Properties 
Functional chromium 

Plating 
Decorative chromium 

Plating 

Thickness of deposited layer (µm) 10 to 5000 0.1 to 2 

Hardness of deposited layer 
(µVickers) 

>850 600 to 700 

Hardness of deposited layer 
(kg/mm2) 

>1000 800 to 1000 

Surface Appearance dull grey shiny 

Chromic Acid Concentration (g/l) 250 250 

pH <1 <1 

Temperature (°C) 50 to 75 30 to 50 

Current Density (A/m2) ~5400 ~2000 to ~3000 

Plating Time 5min to 24h ≤5min 

Properties Hardness 
Wear resistance 
Corrosion resistance 
Low coefficient of friction 

Appearance 
Non-tarnishing 
Corrosion resistance 

Application Examples Hydraulic cylinders and rods 
Railroad wheel bearings and 
couplers 
Moulds for the plastic and 
rubber industry 
Tool and die parts 

Kitchen appliances 
Bathroom/kitchen fixtures 
Smart phones/tablets 
Motorcycle parts 

 

157. In hard metal plating, the workpiece is submerged in an aqueous chromic acid electrolyte bath. The 
electrolytic process causes bubbles and mist to be ejected from the plating bath causing aerosols, consisting 
of process liquids containing chromic acid, to be dispersed into the work environment and if not adequately 
captured and treated, potentially into outdoor ambient air. Cr(VI) is a human carcinogen. In order to reduce 
the occupational exposure, the risk of respiratory cancers, and the amount of chromium lost, chemical mist 
suppressants are added to the chromium bath. Fluorosurfactants, including PFOS-based substances, have 
been used as such suppressants (UNEP, 2019). 

158. PFOS-based substances (PFOS, its salts and related compounds) and/or other fluorinated surfactants 
have been used—historically and, in a limited number of countries, still used— mainly as mist suppressants 
and wetting agents in Cr(VI) chromium plating baths. By lowing the surface tension of the electrolyte, these 
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surfactants can reduce the formation and release of chromic-acid mist, improve surface coating quality of 
the products and, particularly, reduce the Cr(VI) emissions to the working air. Because chromic acid 
electrolytes are strongly oxidizing, conventional hydrocarbon surfactants typically degrade rapidly; PFOS was 
used in part due to its high chemical stability under Cr(VI)/acid conditions. PFOS use has been phased out or 
substituted in most jurisdictions (e.g., the EU removed its specific exemption after concluding PFOS had been 
substituted for this use), but it has been reported under the Stockholm Conventions metal-plating exemption 
in some Parties, indicating that residual use may persist in a limited number of countries. 

159. The functional chromium plating process is an electrolytic process that inherently generates bubbles 
and mist at the plating tank (sometimes referred to as “electrolyte”). The plating baths cannot be completely 

closed because the process produces hydrogen gas (H2) that poses an explosion hazard. “Closed-loop” 
systems in this context refer to process designs intended to minimize releases by capturing and 
returning/recovering bath constituents (e.g., via mist collection and return) and by treating/recycling rinse 
waters and other process streams to close the material loop, rather than complete enclosure of the bath. In 
practice, chemical mist suppressants are surfactants that lower the surface tension of the plating solution. 
By reducing the surface tension, the created process gas bubbles become smaller and rise more slowly than 
larger bubbles. Slower bubbles have reduced kinetic energy so that when the bubbles burst at the surface, 
mist is less likely to be emitted into the air and the droplets fall back into the plating bath. Smaller bubbles in 
the plating bath and lower surface tension provide other process benefits that are well described (Blepp et 
al. 2015). In addition, if a foaming mist suppressant is used, the foam blanket over the electrolyte prevents 
formation of aerosols (Wiethölter2014). However, foam blankets are not always desirable because they may 
cause higher carryover of mist suppressants into the rinsing process and might pose a deflagration hazard of 
the hydrogen gas emitted from the electrolyte solution (Wiethölter, 2014). 

160. Cr(VI) is a known human carcinogen and, therefore, Cr(VI) emissions are regulated in the EU and 
many other countries to protect workers from occupational exposure, and to protect the environment. For 
a good overview, please see “Technical Rules for Hazardous Substances, Activities involving carcinogenic 
metals and their compounds, TRGS 561 (https://www.baua.de/EN/Service/Technical-rules/TRGS/TRGS-561). 
Amounts of Cr(VI) in the ambient air of plating facilities need to be controlled by utilizing add-on air handling 
and air scrubbing devices, and in many cases by using a chemical mist suppressant. Recent experiments 
demonstrated that add-on air handling devices alone are in most cases not able to sufficiently reduce Cr(VI) 

amounts in air to comply with a limit of 1 g/m3 under EU-REACH, making the use of mist suppressants 
essential in many cases (Wiethölter, 2014). Since chromic acid is a highly oxidative, strong acid, most types 
of surfactants are oxidised quickly. PFOS-salts such as the tetraethylammonium (CAS No. 56773-42-3) 
(DEFRA, 2004), potassium (CAS No. 2795-39-3), lithium (CAS No. 29457-72-5), and diethanolamine (CAS No. 
70225-14-8) were suitable surfactants due to their ability to withstand the highly oxidative plating bath 
conditions (Wiethölter, 2014). Thus, introduction of PFOS-salts as mist suppressant helped solve occupational 
safety concerns relating to Cr(VI) in the hard chromium plating industry. The typical use rate of PFOS-salts in 
these applications was 30 mg/l-80 mg/l (0.03 wt% to 0.08 wt%) (Blepp et al., 2015). The calculated process 
lifetime for PFOS in the functional plating process ranged from five to eight months. 

5.2.2 Non-fluorinated alternatives 

161. It is important to note that the use of mist suppressants enables to meet occupational health 
standard regulations and, therefore, each alternative needs to be assessed in those terms as well. 

162. A non-fluorinated mist suppressant for hard chrome plating have been developed. The chemical 
supplier Atotech provides a non-fluorinated, non-PFOS, non-PFAS fume suppressant (Fumalock) for 
application in hexavalent chromium plating baths that is working in functional hard chrome plating (Atotech, 
2025). It can be used on a per-case basis.  

163. For a list of non-fluorinated alternatives to PFOS see Table 7. 
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5.2.3 Fluorinated alternative substances 

164. In Europe, the U.S. and many other countries, the following product is used as an alternative to PFOS: 

i. 6:2 FTS (6:2 Fluorotelomer sulfonate, 3,3,4,4,5,5,6,6,7,7,8,8, 8-
tridecafluorooctanesulphonicacid, (1H,1H,2H,2H)-perfluorooctanesulfonic acid C8H5F13O3S; 
CAS: 27619-97-2) 

 
This alternative PFAS will ultimately degrade to a mixture of perfluorocarboxylic acids that have 
alkyl chains with no more than six perfluorinated carbon atoms (UNEP 2024). According to 
Posner (2020), 6:2 FTS is the most commonly used alternative in hard metal plating since 2016. 
It shall be noted, and is recognized by the companies and the chemical’s supplier that 6:2 FTS 
has been shown to be less stable than PFOS during the hard chromium plating process, which 
means that a higher amount of 6:2 FTS is needed relative to PFOS to achieve the same protective 
effect in chromium baths in the hard chromium plating process. According to Willand et al. 
(2022), the available polyfluorinated alternatives need to be dosed at 2-10 times higher 
concentrations than the PFOS-salts to meet specific surface tension requirements and might be 
less stable and, therefore, may have to be replenished more frequently. In the hard chromium 
plating process, 6:2 FTS can degrade to perfluorohexanoic acid (PFHxA) (Posner, 2020; Buck, 
personal communication). In the environment, 6:2 FTS is degraded to perfluorinated carboxylic 
acids such as PFHxA, PFPeA and PFBA (Willand et al. 2022). 
  

ii. 6:2 FTS-based products and producers (non-exhaustive list of alternative products identified 
as of August 2020): 

o ANKOR® Dyne 30 MS (McDermidEnthone); 

o Ankor PF 1 (ENKE); 

o Fumetrol® 21 LF2 (Atotech); 

o HelioChrome® Wetting Agent FF (Kaspar Walter Maschinenfabrik GmbH & Co. KG); 

o PK (Kampschulte); 

o Proquel OF (Kiesow Dr. Brinkmann); 

o riag Cr 320 (Riag); and 

o Slotochrom® CR1270 (Schlötter). 

iii. Other fluorinated alternatives, no information on chemical nature is known - Trade names 
(and producers): 

o HCA-8.4 (Hunter Chemical LLC); 

o Non Mist-L (Uyemura). 

165. In China, the following products are used as potential alternatives to PFOS (UNEP 2024): 
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i. Commercial name F-53B. Its major component—potassium 2-[6-chloro-1,1,2,2,3,3,4,4,5,5,6,6-
dodecafluorohexyloxy]-1,1,2,2-tetraflouroethanesulfonic acid potassium salt (C8HClF16O4SK; 
CAS: 73606-19-6). Minor component is 8:2 Cl-PFAES (see iii). 

ii. 6:2FTS. 6:2 FTS-based products and producers include 880 (Taian Aidi Biotechnology Co., Ltd.); 

YF-116; YF-116B；Forafac® 1176, Capstone® FS-17 (Chen et al., 2023). Please note, Capstone™ 
products are no longer manufactured (Capstone™ Fluorosurfactant Products). 

iii. 8:2 chlorinated polyfluorinated ether sulfonate (potassium salt) (8:2 Cl-PFAES; CAS: 83329-89-9). 
Its product name is F-115B (Chen et al., 2023). 

iv. Other PFAS free (non-fluorinated) alternatives are developed in China: tetradecyl sulfate (CAS: 
151-41-7) and dodecyl sulfate (CAS: 151-41-7). These two substances are both from the product 
FH-515 (Chen et al., 2023). 

166. It is to be expected that 6:2 FTS will degrade to a mixture of perfluorocarboxylic acids that have alkyl 
chains with no more than six perfluorinated carbon atoms. Note that some proposed alternatives might be 
under regulatory scrutiny in specific countries or regions.  For information on the potential risks associated 
with the use of short-chain PFAS, see section 2.5. 
 
167. F-53 was tested in four electroplating companies with good performance but had high synthesis costs. 
Therefore, a simplified production process using chlorine in the last step was developed to produce the 
monochloro compound, which was marketed as F-53B (Wang et al., 2013a). In a publication (Shi et al. 2016), 
the mean biological half-life in humans via all routes of elimination was estimated to be 18.5 years for F-53B. 
Furthermore, F-53B can only be dissolved in boiling water, which makes handling much more difficult. A study 
shows that F53-B induces embryotoxicity and disrupts cardiac development in zebrafish embryos (UNEP, 
2019). Therefore, F-53 and F-53B should not be considered as a viable alternative to PFOS. 

168. The U.S. State of California maintains a list of approved PFOS-free mist suppressants which have 
undergone testing to meet hexavalent chromium emission standards. It is unknown if these alternatives are 
PFAS-free. Some of the listed alternatives contain 6:2 FTS (CA EPA, 2023). 

5.2.4 Alternative technology 

169. In addition to chemical substitution, some engineered process designs reduce or eliminate the need 
for mist suppressants by substantially limiting aerosol formation and release.  

5.2.4.1 Closed reactors 

170. The company Topocrom® offers an alternative plating process without using mist suppressants in a 
closed reactor that is suitable for functional chromium plating of printing rollers or tubes achieving hardness 
values representative for hard chromium plating. The chromium electrolyte circulates between the reactor 
and the storage tank while maintaining its concentration and temperature. After pumping back the 
chromium electrolyte, the component is rinsed via a triple cascade in a circulation process and the cascade 
is changed via valves after a pre-set time. In addition, a water spray system is installed in the reactor to clean 
the component as the last rinsing process. This supplied water serves to compensate for evaporation losses 
in the electrolyte reservoir. The process, therefore, works with low wastewater and has been industrially 
tested for years. Due to the closed reactor technology, there is no need for the use of wetting agents. This 

C8HClF16O4SK; CAS: 73606-19-6 

https://www.chemours.com/en/brands-and-products/capstone/products
https://www.arb.ca.gov/toxics/chrome/fumesuppresslistfinal9.21.16.pdf
https://unitednations-my.sharepoint.com/personal/agustin_harte_un_org/Documents/Documents/2.%20BRS/1.%20Stockholm/BAT%20y%20BEP/2026%20intersessional%20work+/PFAS/(https:/www.topocrom.com/en/services/plating-plants-from-topocrom-systems
https://www.topocrom.com/fileadmin/pdf/Artikel_Verfahren_k_muell.pdf
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alternative technology seems suitable for chromium plating of articles with a specific geometry only. For 
further details on operating see (Willand et al., 2022). No information of equipment cost is available. 

171. The company McDermidEnthone® offers a closed system reactor for chromium plating of “piston or 
hollow rod of automotive shock absorbers” that is “OEM approved and meet the specification of the major 
Shock Absorber OEMs and Tier 1” suppliers, of hydraulics and rotors and engineering parts. The system is 
described as a “horizontal continuous plating line” that is a closed system with “zero emission and exposure”. 
This alternative technology seems suitable for chromium plating of articles with a specific geometry only. No 
further details on operating and equipment cost are available. 

172. The company Atotech offers DynaChrome® Plus, a “system for hard chrome plating of piston rods”, 
integrating equipment and chemistry to reduce manual handling with improved operational control. 

5.2.4.2 Wet chemical processes: 

173. According to Willand et al. (2022), the following alternatives to hard chromium plating with 
chromium (VI) are available on the European market on an industrial scale 

174. Chromium (III) processes in almost all decorative chromium processes and, in some cases, in hard 
metal plating. Atotech launched a hard-chrome plating process with trivalent chromium and stated that the 
process exhibits the same benefits as hexavalent-chromium processes. However, the technology requires a 
nickel underlayer to meet the corrosion resistance requirements. and is therefore not a drop-in replacement 
(Glüge 2021); 

i. Electroless nickel with embedded hard material particles (dispersion layers) in the textile 
machine industry and in mechanical engineering; 

ii. Electroless nickel layers with embedded phosphorus or nanoparticles in the automotive and 
electrical industries and in mechanical engineering. However, the hardness of hard chromium 
layers can only be achieved by heat treatment, which is not always possible; 

iii. Nickel alloy deposition (NiL35) with combination layer of two alloys of the metals copper, tin 
and nickel. This is a salt resistant coating. It is therefore used in wind power off-shore plants and 
hydraulic cylinders of harbour cranes;  

iv. Nickel-tungsten alloy deposition (possibly with finely dispersed diamond-carbon inclusions). 
Due to the high cost of tungsten, this is a niche technology. 

5.2.4.3 Physical processes: 

1. High velocity oxygen fuel (HVOF) process 

175. HVOF is a high-speed flame spraying method. In this process, metal coating powder mixtures are 
applied in a burning gas jet at supersonic speed. For example, tungsten carbide and chromium carbide are 
used in a cobalt or nickel/chromium matrix to replace hard chromium (Willand et al., 2022). The HVOF 
process has already been used by 450 facilities in Germany in 2019. 

2. Physical Vapour Deposition (PVD) 

176. In physical vapour deposition, the coating deposited material is converted into the gas phase in a 
vacuum by evaporation or by laser bombardment. It is then accelerated by electrical fields, as a stream of 
particles at 160 - 500°C and precipitates again on the colder workpiece by condensation. In order to coat all 
surfaces as homogeneously as possible, the work pieces must be set in rotation during the coating process.  

177. PVD hard material coatings based on titanium nitride (TiN), titanium carbonitride (TiCN), titanium 
aluminium nitrite (TiAlN) or diamond (DLC) are mainly used as coatings. For die-cast parts made of aluminium 
and magnesium, chromium-based coating systems such as chromium nitride (CrN), chromium vanadium 
nitride (CrVN) and chromium aluminium nitride (CrAlN) are mainly used. 

3. Plasma Nitriding. 

https://industrial.macdermidenthone.com/markets/automotive-solutions/suspension
https://www.pfonline.com/cdn/cms/1817_Cucuro.pdf
https://www.atotech.com/products/general-metal-finishing/wear-resistance/dynachrome-plus/
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178. Plasma nitriding works with a nitrogen-hydrogen mixture, which is ionized in a closed vacuum 
furnace at negative pressure by applying a voltage between the container wall and the charge. The ionized 
gas atmosphere diffuses into the peripheral zone of the metal components, increasing the surface hardness 
and improving the corrosion behaviour of castings and low- to high-alloy steels. The surface temperatures 
are 350 °C-600 °C. 

4. Extreme high speed laser metal deposition (EHLA) 

179. Extreme high-speed laser deposition welding is a further development of laser metal deposition 
(LMD). In laser deposition welding, metal powder is applied to the surface of a base material and melted by 
laser. In the EHLA process, the powdered filler material already hits the laser light above the melting bath, 
which heats it up to close to the melting point on its way to the component.  

180. Depending on the performance requirements for the wear layer, tungsten carbide, titanium and 
chromium carbides, but also iron, nickel and cobalt-based powders are used. The deposition rate is up to 
1000 cm²/min, coating thicknesses are 10 µm-250 µm and the feed rate is >100 m/min. 

181. None of the above-mentioned alternatives can cover all applications of functional chromium plating. 
Specific alternatives must be examined on a case-by-case basis for each individual application, taking into 
account technical requirements, geometry, qualification needs and site-specific feasibility. There are 
applications of functional chromium plating for which there is still no economic alternative. 

5. Test phase 

182. There is ongoing pilot trial testing reported by one Swedish manufacturing metal plating company to 
use physical alternatives to PFOS in their hard chromium plating process, namely PTFE coated balls. The tests 
are still in pilot scale and have not yet generated final results; neither have been scaled up to full production. 

183. Further Alternative technologies are listed by Posner (2020): 

i. Case hardening: carburizing, carbonitriding, cyaniding, nitriding, boronizing; 

ii. Chemical vapour deposition (CVD); 

iii. Nanocrystalline cobalt phosphorus alloy coating; 

iv. Trivalent chromium plating; 

v. Plasma spraying;  

vi. Stainless steel & high-speed steel (HSS). 

184. To further control mist and aerosol emissions from the plating bath: 

i. Mesh or blankets (e.g., composite mesh pads) placed on top of bath;  

ii. Add-on air pollution control devices (e.g., packed bed scrubbers). 

5.2.5 BAT and BEP 

185. A closed-loop system needs to be utilized when using PFOS or PFOS-related substances as mist 
suppressants. An industry survey commissioned by the German Environment Agency (UBA for its acronym in 
German) documented that there is a variety of processing equipment and many different manufacturing 
processes for different end uses, and that there is not a single solution for all metal plating applications in 
close-loop systems (Blepp et al., 2015). The report provided a list of criteria that describe an “almost” closed-
loop system. 

186. In the European Union, it is obligatory to apply a closed-loop system when using PFOS-related 
substances as mist suppressants for non-decorative hard chromium (VI) plating. In addition, the European 
Industrial Emissions Directive (EU, 2010) is applicable to installations for surface treatment of metals or 
plastic materials using an electrolytic, or chemical process where the volume of the treatment vats exceeds 
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30 m³. These installations have to apply the BAT for the prevention and minimization of emissions of PFOS 
described in the relevant European BAT reference document (EC, 2007). 

187. It is important to point out that functional chromium plating facilities might require adherence to 
various regulations and, therefore, the need to comply with the regulations takes precedence when 
modifying equipment and/or process steps.  

188. However, there is still no clear definition or clear guideline on what constitutes a “closed-loop 
system”. In practice, closed-loop performance is achieved through a combination of engineering controls, 
recovery and recycling of process liquids, and appropriate management of associated residues and wastes. 
More research is necessary to determine a more precise definition. 

189. The criteria to achieve “closed-loop” performance can be summarized as follows (some of them are 
graphically summarized in Figure 6): 

i. Once the chrome-plated articles leave the plating bath, the remaining chromic acid and other 
residues, including the mist suppressants, need to be removed to allow for further processing 
and facilitate recovery. Rinse plated articles directly above the plating bath so that the main 
drag-out and rinsing water can be directly recycled into the process. 

ii. Closely control the needed mass balance for the mist suppressant to be effective by means of 
either (please note not all measures might be applicable for all installations): 

o measuring surface tension of the electrolyte; 

o measuring ampere hour rate; and/or 

o determining a defined surface throughput (not applicable for subcontracted 
electroplating shops). 

  

Figure 6. Graphical summary of a typical closed-loop system in functional chromium plating (Source:  
hauserwalz.ch/IUW Integrierte Umweltberatung) 

 

190. These measures can inform the necessity to re-dose the mist suppressant into the plating bath. 
Controlling the electroplating process this way can lead to more than 50% reduced mist suppressant use 
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(ISWA 2016). However, throughput-based dosing may lead to inefficiencies, as functional chromium plating 
is usually not done continuously. Furthermore, a significant number of functional chromium plating 
installations are subcontracted electroplating shops, meaning that the shapes and requirements of the work 
pieces are varying considerably: 

i. Utilize strong exhaust air systems for suction of the aerosols close to the bath surface (e.g.,< 30 
cm distance, where practicable; see p. 382-387 in EC (2006) and clean the exhaust air with a wet 
exhaust air scrubber to return the dragged out PFOS to the chromium bath. 

ii. Evaporate rinsing water after removing Cr(III) and foreign metals, such as iron and nickel, by 
cation exchange purification in a spray tower evaporator to regain chromic acid and PFOS (see 
Figure 6 above). 

iii. Do not expose the ion exchange resins to concentrations of more than 100 g/l chromic acid in 
the rinse water. Use only demineralised water to refill the rinses and wash solution in the spray 
tower. Utilize evaporators to concentrate the rinse solutions to be recirculated into the plating 
bath. If higher evaporation rates are required, a heating medium, e.g., hot water instead of 
electric current, is used to heat the cleaned rinsing water. Heat required for evaporating has 
considerable cross-media effects. Using excess heat from Chromium plating (caused by low 
current efficiency) can reduce these effects. In functional chromium plating of individual parts 
with low rinsing water usage and high electrolyte concentrations, no additional evaporation by 
means of atmospheric evaporator or vacuum evaporator for a closed circuit is required. 

iv. Additional activating baths enhance process bath life-span as well. These cleaning and 
evaporation processes remove water from the process, thus contributing to PFOS recycling and 
preventing excess rinse water. 

v. When it is only seldom necessary to rinse workpieces: utilize multi-step (e.g., 7-8 steps) counter-
current rinse cascades to further clean the finished parts and recycle the electrolyte solution. For 
further details, such as equipment diagrams and pictures of exhaust air remediation equipment, 
see Marzinkowski (2016). 

vi. Pass any remaining wastewater through ion exchange resins after reduction, neutralisation and 
sludge separation to remove remaining metal ions, and through granulated activated carbon 
filters or specialized ion exchangers to remove mist suppressant residues. Regenerate spent resin 
and incinerate waste from the regeneration process. Incinerate activated carbon filters and 
PFOS-containing ion exchange resins in a facility operating at temperatures at which the mist 
suppressant is mineralized. 

vii. Collect and reprocess chromium hydroxide sludge generated during the plating process to 
reclaim chromium. This process should operate at temperatures at which the mist suppressant 
is mineralized. Landfilling the chromium hydroxide sludge cannot be considered as BEP. 

viii. Minimize releases from leaks, spills and handling by using secondary containment for baths, 
rinses, chemical storage and transfer lines, and by storing/transferring/dosing mist suppressants 
in closed or minimized-open systems (e.g., metered dosing, dedicated lines, drip-free 
connections). Ensure that all side streams (e.g., scrubber liquor and mist eliminator drains, 
evaporator condensates) are returned to the process where appropriate or collected and 
managed as PFOS-containing hazardous waste. 

191. Following process steps 1 through 8 leads to approximately 98% efficiency in recovery of chromic 
acid (Blepp et al., 2015). However, no information is available on mist suppressants (including PFOS) recovery 
efficiency but it is to be assumed in the same order of magnitude. Cost considerations and affordability 
factors may play important roles as well but are likely site-specific and are not in-scope for this document. 

192. There might be additional BEP measures to consider related to Cr (VI) which are important but 
outside the scope of this document. 
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193. In addition to the general BEP measures outlined in Chapter 3 that should be followed, all wastes 
need to be collected and managed in an environmentally sound manner and disposed according to 
international guidance, including the Basel Convention technical guidelines where applicable. 

194. According to information from the European Union member states (Posner, 2020), waste from hard 
chromium plating that contain residual chromium are commonly classified as hazardous waste and disposed 
of in hazardous waste landfills. Available information indicates that PFAS content in such wastes is not 
routinely characterized. In addition, there are no regulated landfill criteria for PFAS substances at the EU 
level. 

195. BEP is to adhere to the general BEP measures and collect all waste followed by environmentally 
sound management and disposal according to the Basel technical guidelines on POPs waste. 

5.3  PFOA, its salts and related compounds 

5.3.1 Photolithography or etch processes in semiconductor manufacturing 

5.3.1.1 Background 

196. In general semiconductor fabrication facilities (fabs) are an important, but not widely recognized, 
source of PFAS release to surface water and air. Various, specific PFAS are utilized at fabs during the 
photolithography process in photoresist, antireflective coatings, photo patternable compounds, immersion 
and rinse solutions, and other uses.  It has been reported that use of long chain compounds such as PFOS 
and PFOA have been largely phased out by the industry (World Semiconductor Council (2011) and (SIA, 2024).  

197. According to the Semiconductor Industry Association (SIA) and the global “Semiconductor PFAS 
Consortium Photolithography Working Group” the overall semiconductor industry usage of PFAS surfactants 
is relatively low (~10 tons/year) when compared to PFAS uses in textiles and firefighting foams (~2,000 to 
3,000 tons/year) (SIA, 2023d). Please note, it is unclear if these numbers are global numbers and the source 
document does not provide a reference to the origin of the data. 

198. Photolithography is a patterning process that defines where to add or remove materials in each step 
of the fabrication of integrated circuits.  PFAS have been used in photolithographic processes for applications 
such as top anti-reflective coatings (TARC), photoacid generators (PAG), immersion topcoats, overcoats and 
surfactants e.g., in developers and rinse solutions (UNEP, 2024; SIA, 2023a).  

199. TARCs prevent reflection of the imaging radiation from interface layers that produce unwanted 
exposure effects including standing waves (seeing curve effects).  In order to fulfil that function they need to 
have a low refractive index and are spin coated onto the photoresist (SIA, 2023a) FINAL-PFOS-PFOA-Case-
Study-Paper.pdf.  

200. TARCs constituted > 50% of the total PFAS-containing materials used in photolithography, and an 
even larger share of PFAS emissions in wastewater (SIA, 2023a). 

201. PAGs are photoactive compounds that generate acids upon exposure to high-energy UV-light. They 
are a vital component of many semiconductor photolithography formulations as they generate targeted, 
well-defined, repeatable patterns.  An effective PAG needs to fulfil specific acidity, solubility in the casting 
solvents, absorbance and diffusivity criteria (SIA, 2023b). 

202. The chemical amplification concept illustrated in Figure 7 provided an elegant new solubility 
switching mechanism that also made it possible to achieve the high photo speeds suitable for use with low-
power sources. As Figure 7 shows, image formation in Chemically Amplified Resists splits into two steps: a 
light reaction in which a PAG generates a strong acid catalyst, and a dark reaction in which the photoacid 
catalyses a reaction that changes the solubility of the resist in the exposed area, typically during a post-
exposure bake process. Since the photoacid is a catalyst, it regenerates at the end of the reaction cycle. The 
original photo event (the absorption of a photon in a PAG molecule, which decomposes to form the catalytic 

https://www.semiconductors.org/wp-content/uploads/2023/06/FINAL-PFOS-PFOA-Case-Study-Paper.pdf
https://www.semiconductors.org/wp-content/uploads/2023/06/FINAL-PFOS-PFOA-Case-Study-Paper.pdf
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photoacid) is thus amplified by the number of solubility-switching catalytic cycles initiated by the photoacid. 
The number of cycles can range from hundreds to several thousands. 

 

Figure 7. Basic scheme of chemically amplified photoresists: The solubility of a polymer changes during a dark 
reaction by the action of a photoacid catalyst, which is formed from photolysis of a PAG (SIA, 2023b) 

203. Wet etch formulations can be aqueous or solvent based. In most wet etch processes the areas of the 
wafer exposed to a wet chemical processing step are very specific regions defined by a photolithography 
masking operation. Wet etch fluids themselves often depend on surfactants to reduce surface tension and 
contact angle so that the wet etchant can penetrate and remove products out of a capillary space. Other 
properties wet etch solutions need to fulfill include adsorption to a surface to prevent the deposition of 
metals that are introduced into the solution during etching, mitigating the formation of air bubbles, 
adsorption to a surface to suppress etching of one material while another material is preferentially removed 
(SIA 2023c). 

204. The following sources might be helpful for more detailed background information:  the 
Semiconductor PFAS Consortium published overview videos and technical papers of which several are 
referenced in this section (Semiconductor PFAS Consortium - Semiconductor Industry Association); and a 
fairly recent review of lithographic patterning and semiconductor processing (Ober, 2022) provides insight 
into semiconductor technology. 

5.3.1.2 Alternatives 

205. The World Semiconductor Council (WSC) announced in July 2024, that it successfully completed the 
phase-out of intentional uses of perfluorooctanoic acid (PFOA), its salts, and PFOA-related compounds in 
photolithography or etch processes as of 2023 (SIA, 2024). “The WSC reported to the United Nations POPRC 
that, as of 2023, the semiconductor industry no longer has a need for exemptions from restrictions” (SIA, 
2024). Given the reported phase-out of intentional PFOA uses in these semiconductor applications, Parties 
should verify whether any registered exempt use remains in domestic manufacturing or imported production 
chains and, where no such use remains, take steps to update inventories, procurement requirements and 
exemption-related reporting accordingly. 

206. For TARC applications: According to the Semiconductor PFAS Consortium, PFOS and PFOA were 
replaced by a comb-like polymer consisting of a perfluorinated backbone connected through a linker to a 

short-chain ( C4) PFAS-containing material with a water solubilizing end-group, see Figure 8 in the case 
study published by the Consortium (SIA, 2023a). Griffin et al. (2024) list the use of perfluoropentanoic acid 
(PFPeA) in antireflective coatings, but it is not clear if TARC are meant. No information on the use rate of 
these alternatives could be obtained. 

https://www.semiconductors.org/pfas/#:~:text=AND%20SEMICONDUCTOR%20PROCESSING%20%3E-,Technical%20Papers,-These%20publications%20were
https://www.spiedigitallibrary.org/journals/journal-of-micro-nanopatterning-materials-and-metrology/volume-21/issue-01/010901/Review-of-essential-use-of-fluorochemicals-in-lithographic-patterning-and/10.1117/1.JMM.21.1.010901.full
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Figure 8. Substitution of PFOS and PFOA in TARCs with polymeric PFAS-containing material that has shorter-
chain units (SIA, 2023a) 

207. For PAGs, transition from longer-chain PFAS anions so far has happened in two steps.  Currently, C1 
and C3 bis-sulfonamide and tris-sulfomethide superacids, “modern superacid anions”, are used (see Figure 
9) (SIA, 2023b; Griffin et al., 2024).  No information on use rate of these alternatives could be obtained.  

 

Figure 9. Alternatives for PAG applications (SIA, 2023b) 

208. Earlier alternatives, were PFBS and trifluoromethane sulfonic acid (TFMS) as indicated in Figure 9 
(SIA, 2023b; Griffin et al., 2024). However, their use should not be interpreted as a preferred BAT/BEP option. 
For information on the potential risks associated with the use of such short-chain PFAS, see section 2.5. 

209. Bis-sulfonyldiazomethane and camphorsulfonic acid PAGs are non-PFAS alternatives and are in 
commercial use for 248nm lithography; see Figure 9 (SIA, 2023b). Further non-fluorinated alternatives like 
nitrobenzyl esters are described in Ober et al. 2022. No information on use rate of these alternative could be 
obtained. 

210. Table 16 provides a summary overview of lithography performance comparison of PFAS-containing 
and non-PFAS containing PAGs (SIA, 2023b) 

Table 16. Lithography performance comparison of PFAS-containing and non-PFAS containing PAGs (SIA, 2023b)  

PAG/Photoacid 
performance and 
environmental criteria 

PFAS 
PAGs/photoacids 

CN5 non-PFAS 
PAG/photoacid 

Thiophene sulfonate 
PAG/photoacid 

Photospeed* excellent poor good 

Acid strength excellent excellent good 
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Diffusivity good to 
excellent** 

lower than 
PFAS acids 

high to too high 

Pattern quality/LWR good LWR higher 
than 
commercial 
resists 

LWR much higher 
than commercial 
resists 

Transparency at all 
exposure wavelengths 

excellent Not 
transparent at 
248 nm 

Not transparent at 
248 nm 

Solubility of PAG in casting 
solvents 

good good poor to moderate 

Lack of side reactions in CA 
resists 

excellent excellent excellent 

High process temperature 
requirement 

none yes none 

Uniformity of PAG 
distribution 

good good good 

Toxicity moderate to 
high 

high*** moderate 

Environmental persistence highly persistent assumed to be 
degradable 

assumed to be 
degradable 

* Photospeed is a composite of acid strength, acid diffusivity and PAG quantum yield. 
** Very low diffusivity requires polymer-bound photoacids. 

*** The cyanide ion is found in rat stomachs when fed CN5. 
 

211. The literature lists 21 different etch/cleaning formulations, with 7 formulations identified as 
containing PFAS (SIA, 2023c. PFAS additives seem critical for some, but not all wet etch applications.  
(Griffin et al., 2024) mention the use of 1H,1H,2H,2H-perfluorooctane sulfonic acid (6:2 FTS) in etching 
agents. No further details on chemical nature of alternatives could be found, nor was information on the 
use rate available. 

212. Buffered hydrofluoric acid (BHF, sometimes referred to as BOE) etchant consists of an aqueous 
mixture of hydrofluoric acid and ammonium fluoride and sometimes employs a surfactant. Perfluorooctyl 
sulfonate (PFOS) was used as a surfactant and has been replaced by 1- Butanesulfonamide, 1,1,2,2,3,3,4,4,4-
nonafluoro-N-(2-hydroxyethyl)-, ammonium salt (1-to-1), C4F9SO2NH(C2H4)O- NH4

+ (SIA, 2023c). No 
information on use rates could be obtained. 

213. Table 17 A + B presents a general overview of types of fluorinated substances in use and an 
assessment of known or potential non-fluorine containing alternatives for lithographic patterning and 
semiconductor processing but it does not provide information on use rates; for Table 17 A from (Ober et al., 
2022) and for Table 17 B from (SIA 2023f). 

Table 17 A + B. Purpose, properties of fluorinated substances for lithographic patterning and semiconductor 
processing A. (copied from Ober et al. 2022) and B. (SIA 2023f). 

A. copied from Ober et al. 2022: 
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B. copied from SIA 2023f: 

 

 

 

214. Based on a survey and consultation with semiconductor industry partners, GenX (ammonium salt of 
hexafluoropropylene oxide dimer acid, HFPO-DA, CAS: 62037-80-3), octafluoroadipic acid (diPFHxA), and Bis 
(1,1,2,2,3,3,4,4,4-nonafluoro-1-butanesulfonyl) imid (N4), are also reported to be used in the 
photolithographic process. New findings indicate that certain PFAS actively used in photolithography, 
including some with less-studied functional groups (e.g., perfluoroalkyl dicarboxylic acids and 
perfluorosulfonamides), are more toxic than equivalent-chain monocarboxylic acid and legacy PFAS, 
respectively, (Cao et al., 2025). 

215. Regarding non-fluorinated alternatives, Glüge et al. (2021) summarized the current available non-
fluorinated alternatives in the photolithographic process. Possible alternatives include 1) 
nitrobenzenesulfonate (NBS); 2) acceptor-substituted thiosulfonate anions such as benzo[b]thiophene-2-
sulfonic acid, 4(or 7)-nitro-, ion (1-) (TBNO) or 2-thiophenesulfonic acid, 5-chloro-4- nitro-, ion(1-) (TN); 3) 
aromatic anions, such as pentacyanocyclopentiadienide (CN5) or methoxycarbonyl-
tetracyanocyclopentadienide (CN4-C1); and 4) triphenylsulfonium (TPS). Other related patents include 
US20090181319 (Li et al., 2009) and US8034533 (Sen Liu & Varanasi, 2011), which describe non fluorinated 
photo-resist compositions as alternatives to PFOS/PFAS for such uses but it is not known if such alternatives 
are commercial. Moreover, Fuji markets photo-resists that are “PFOS- and PFAS-free” (UNEP, 2024) 

216. No further detailed information on the chemical nature of most alternatives and their use rates could 
be obtained. 

217. In addition, non-chemical alternatives for the photolithography process in the form of other 
manufacturing processes are being discussed in research. A new dry etch technology being commercially 
introduced is atomic layer etch (ALE), which selectively removes materials at the atomic scale. These can be 
plasma or thermal-based systems, or a hybrid of both (UNEP, 2019c). Suppliers of these technologies include 
Applied Materials, Hitachi High-Technologies, Lam Research, and TEL (UNEP, 2024). 
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Many alternative surfactant types have proven ineffective in lithographic applications, particularly as design 
dimensions shrink. One alternative is silicone-based surfactants. So far, these appear to be the closest in 
performance, particularly at larger design rules. This work is still in progress, but the outlook is promising 
(SIA, 2023d). Non-fluorinated alternatives to fluorinated surfactants like alkyl polyglucosides with trade 
names BG10 and CG50 and polyoxyethylene surfactants of Brij35 and BrijS100 were identified as alternatives 

to PFAS surfactants and have been tested successfully by over 100 semiconductor companies (Sharma et al. 
2023). 
 
5.3.1.3 BAT and BEP 

218. TARCs are aqueous formulations and can be the main source of PFAS wastewater releases from 
photolithography steps.  95% of the applied TARC does not end up on the wafer, but is spun off in the 
centrifuge (spin coater). By installing special collection containers directly on the machine, PFAS 
contamination in the factory wastewater can be significantly reduced (Spin-Bowl-Waste-Collection). 
Recovery in the sense of recycling for reuse of TARCs (closed loop) is currently not practiced in semiconductor 
industry due to the extremely high purity requirements and the associated high costs for recycling 
technologies. 

219.  Some device makers collect the majority of the TARC waste stream as separate waste (SIA, 2023a). 
The most efficient method currently available is the process-oriented collection of TARC waste before it is 
diluted with thousands of cubic meters of cooling and rinsing water. In Germany and Europe, leading chip 
manufacturers (e.g., Infineon in Dresden) are currently working on pilot plants for activated carbon and resin 
adsorption in order to reduce discharge values to the ppt range. According to (Griffin et al., 2024) high 
pressure nanofiltration (NF) or reverse osmosis (RO) membranes are an alternative treatment technology 
that is potentially more effective for consistent removal of the structurally diverse PFAS present in fab 
wastewater, especially in presence of higher levels of dissolved organic matter (DOM), inorganic ions, and 
other organic co-contaminants and for removal of short and ultrashort chain PFAS. In the processes described 
above, it must be ensured that POP-PFAS are not only removed from the wastewater stream but also 
destroyed or irreversible transformed according to Basel Convention Guidelines (see section 2.7). 

220. Current semiconductor manufacturing facilities use wastewater treatment systems that are 
generally not specifically designed to remove PFAS (SIA, 2025). In SIA (2023e) it is mentioned that residual 
photoresists are mainly directly captured at the photolithography step and then sent for off-site disposal. SIA 
(2023f) provides an overview of key PFAS use applications in semiconductor photolithography and a potential 
PFAS release map for photolithography processes without defining what might be BEP. 

221. Segregated solvent waste drain systems collect and convey waste organic liquids to dedicated solvent 
waste collection tank(s) for off-site disposal. This organic liquid waste may contain PFAS, such as waste from 
PAGs. Once off-site, organic liquid waste is typically destroyed in a high-temperature hazardous waste 
incinerator or used as a blended fuel burned in a cement kiln. Among fabs that use aqueous top antireflective 
coatings (TARCs), a minority collect them from spin bowl waste directly at the source and ship them for off-
site destruction, whereas a majority of these fabs discharge TARCs to their industrial wastewater system (SIA, 
2025).  

222. According to SIA (2023c), organic and aqueous waste streams from semiconductor manufacturing 
are treated in accordance with the applicable waste and wastewater regulations. SIA (2025) has provided 
further information on PFAS discharges to water from semiconductor fabrication facilities.  

223. For a general overview of principal separation and destruction techniques for treating PFAS-
containing wastewater currently utilized or under development, see (SIA 2023e). 
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5.3.2 Photographic coatings applied to films 

5.3.2.1 Background 

224. PFOA-related substances provide antistatic control, surface tension control, friction control and dirt 
repellent qualities in manufacturing photosensitive coatings for critical photographic applications (I&P 
Europe 2010). PFOA use in photo-imaging has been reduced by more than 95% worldwide since 2000 (I&P 
Europe, 2016a). Further reduction in use of these substances is anticipated as the transition continues 
towards digital imaging. Digital techniques have substantively reduced the use of photographic and X-ray 
films (UNEP, 2016b). 

5.3.2.2 Non-fluorinated alternatives 

225. The Swedish Chemicals Agency (KEMI) (2015) identifies surface-active hydrocarbons and silicone 
chemicals as non-fluorinated chemical alternatives to the use of PFAS in the photographic industry. Similarly, 
silicone products were identified as possible alternatives to PFOA in the photographic industry in the draft 
guidance on alternatives to PFOA, its salts and PFOA-related compounds (UNEP/POPS/COP.10/INF/25). 

5.3.2.3 Fluorinated alternatives 

226. Shorter-chain fluorotelomer-based products; C3 and C4 perfluorinated compounds and silicone 
products were identified as possible alternatives to PFOA in the photographic industry in the draft guidance 
on alternatives to PFOA, its salts and PFOA-related compounds (UNEP/POPS/COP.10/INF/25). It is not known 
whether or not such substances are in actual use today. 

5.3.2.4 BAT and BEP  

227. According to I&P Europe, between 2000 and 2015, the photo-imaging industry in Europe has 
reformulated or discontinued a large number of products, resulting in a reduction of more than 95% in the 
use of PFOA-related substances (which may contain substances that fulfill the definition of long-chain PFCAs 
and their related compounds). Further, I&P Europe (2016) indicated that uses in photographic coatings will 
be eliminated by July 2025 at the latest (UNEP/POPS/POPRC.19/9/Add.2). 

228. IAEA and WHO noted that the rapid adoption of digital technology in healthcare results from 
“efficiencies inherent in digital capture, storage and display and the competitive cost structures of such 
systems when compared to alternatives involving film” and “digital image management is currently the 
preferred method for medical imaging” (UNEP 2024). 

229. In its comments on the first draft risk management evaluation on long-chain PFCAs, their salts and 
related compounds, IPEN indicated that transitioning to digital solutions is the most common alternative to 
the use of chemicals in photo-imaging. 

5.3.3 Textiles for oil- and water-repellency for the protection of workers from 

dangerous liquids that comprise risks to their health and safety  

5.3.3.1 Background 

230. Textiles account for approximately 35% of the total global polymeric PFAS demand. In line with that, 
it has been reported that a third of all PFAS in the EU are used in the textile sector. The textile sector is 
therefore estimated to be the biggest contributing use sector to PFAS pollution in Europe (EEA, 2024) with 
high market shares in the home textiles and consumer apparel sector (European Commission DG 
Environment, 2020).  No reliable data was available on the global scale. 

231. This chapter focuses on oil- and water repellent treatments for textiles used for the protection of 
workers from dangerous liquids that comprise risks to their health and safety.  
This category includes textiles for medical applications and textiles for personal protective equipment used 
in a variety of applications including the chemical, construction and energy sectors and, since these textiles 
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need to fulfill high performance and/or safety standards, their life span and treatment differ from consumer 
textiles (EEA, 2024; RAC and SEAC; 2015).  

232. PFOA-related substances have been used for technical textile applications and personal protective 
equipment requiring high technical performance such as combined water- and oil-repellence and chemical 
or thermal resistance as well as anti-static properties (UNEP/POPS/POPRC.13/7/Add.2). These textiles 
comprise often of complex materials with different layers and functions. Recently PFAS in firefighting turnout 
gear were investigated that showed that specific perfluoroalkyl acids in the different layers but were also 
present in the moisture barrier made of expandable PTFE (polytetrafluoroethylene) fluoropolymer (Aranda-
Rodriguez et al., 2025; NIST, 2023).  

233. Polymeric and non-polymeric PFAS including substances that are in scope of the listing under the 
Convention can be found in work wears including but not limited to clothing (EEA, 2024). PFOA-related 
substances have been used in impregnation agents for textiles (UNEP/POPS/POPRC.13/7/Add.2) to prolong 
the functionality of personal protective equipment such as firefighting turnout gears. 

234. Polymeric PFAS constitutes over 75% of PFAS in textile products (EEA, 2024). Especially side-chain 
fluorinated polymers can be a source of emissions of non-polymeric PFAS. Side chain fluorinated polymers 
based on PFOA-related substances (e.g., 8:2 Fluorotelomer (meth)acrylates) used for textile treatment 
contain 2% unbound residues of PFOA related substances (UNEP/POPS/POPRC.13/7/Add.2). Thus, non-
polymeric PFAS, used during manufacture as a processing aid, persist in finished articles and can be released 
during the product lifespan, particularly by abrasion and during washing (EEA, 2024). Also, microplastic fibers 
that contain fluorine-based coatings can be source of PFAS in the environment (Zhao et al., 2025). 

235. The risk determines the protection level needed for workers and therefore the performance 
requirements of the personal protective equipment. For example, European standards exist for protective 
clothing for protection against liquid chemicals (e.g., EN 469, EN 13034; EN 14605; EN ISO 13982 or EN 
14605). 

5.3.3.2 Alternatives 

236. Protective workwear and textiles must meet high standards, especially in environments where 
hazardous substances or extreme conditions prevail. Currently, there is a transition going on to replace PFOA-
related substances and PFAS in textiles. However, information on alternatives is very limited and often not 
disclosed to the public. 

5.3.3.3 Non-fluorinated alternatives 

237. Non-fluorinated chemistry can provide the fabrics with good water repellence (e.g., to meet the 
European standard EN 343) for many applications. The main groups are dendrimere, hydrocarbon (paraffin 
formulations), polyurethane, siloxane (polysiloxane), resins based on melamine or alternative technologies 
(cf. UNEP/POPS/POPRC.19/INF/8, UBA, 2025). Specifically polyurethane-based as well as silicone-based and 
hydrocarbon-based hydrophobic textile treatments have shown their potential in some professional apparel 
and personal protective equipment applications (ECHA, 2025b). 

According to current research, superhydrophobic coatings have been developed that achieve water and stain 
repellency in textile matrices. An extensive compilation of mostly fluorine freesuperhydrophobic textile 
alternatives can be found in the in Pervez et al. (2025).  

238. Research conducted as part of the POPFREE project (RISE, 2020), an initiative aimed to stimulate 
production and use of non-fluorinated alternatives to PFAS in several applications, suggest that non-
fluorinated alternatives or techniques may not be currently available to replace the use of PFAS in work wear 
(e.g., medical garments), where textiles must meet certain oil/dirt repellency requirements.  In the US the 
states Massachusetts and Connecticut issued restrictions in PFAS-containing firefighting gear by 2028 
(Lendewig et al., 2025) indicating availability of PFAS-free gears in the future. 

https://www.en-standard.eu/
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5.3.3.4 Fluorinated alternatives 

239. Wang et al. (2013b) and the draft guidance on alternatives to PFOA identify fluorinated surface 
treatment alternatives (e.g., products containing C4 side-chain fluorinated polymers, copolymers derived 
from 6:2 fluorotelomers and organosiloxane) to the use of long-chain PFCAs and long-chain perfluorosulfonic 
acids (PFSAs) for the treatment of textiles. 

240. Other polymeric PFAS used in textiles are e.g. fluorinated acrylate polymers or fluorinated 
polyurethanes (EEA, 2024). 

241. While POP-PFAS have been phased out in textiles for the protection of workers in the European Union 
(Regulation (EU) 2019/1021), within the planned EU PFAS restriction, an exemption for fluorinated 
alternatives until 2037 for PPE class III clothing (to protect against the risks that may cause very serious harm 
such as death or irreversible damage to health) due to its essential protective function is proposed (SEAC, 
2026) This would include the use of PFAS alternatives to meet e.g., EN 13034 Type PB [6] in case oil repellency 
is needed.  

In the last years the use of short-chain PFAS (PFHxA and related substances) increased due to the substitution 
of long-chain PFAS (UBA, 2025). Such specific PFAS are used in combination with “extenders” which consist 
of hydrocarbons (e.g., waxes) or crosslinking agents such as melamine or isocyanate. Extenders prolong the 
polymer chain and increase thereof the distance between the textile surface and the substance to be 
repelled. When using short-chain PFAS the consumption of extenders is increased (to achieve the same 
repellence effect) (UBA, 2025). Please note that some proposed alternatives might be under regulatory 
scrutiny in specific countries or regions.  For information on the potential risks associated with the use of 
short-chain PFAS, see section 2.5. 

5.3.3.5 Alternative technology 

242. As reported in the risk management evaluation on long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2), Shabanian et al. (2020) describe design parameters for 
fabricating oil-repellent textile finishes using perfluoro compound-free surface chemistries. More specifically, 
they demonstrate that robust oil repellency can be achieved by adding a secondary, smaller length-scale 
texture to each fibre of a given weave, when the size, spacing and surface chemistry of both the fabric and 
the additional texture are properly controlled. 

5.3.3.6 BAT and BEP  

243. PFAS from textiles can be released into the environment during production such as finishing, use and 
end-of-life treatment. Finishing operations during production lead to both emissions to air and water from 
the industrial site. Avoiding and where not possible reducing PFAS-emissions from industrial sites can be 
achieved by PFAS-substitution or PFAS abatement (e.g., activated carbon for wastewater emissions). 
Effluents from the textiles industries are generated during various stages of manufacturing and treated with 
several abatement technologies such as coagulation and flocculation, adsorption with activated carbon or 
different types of membrane filtration with varying effectiveness for PFAS (Lendewig et al., 2025). 

244. BAT for continuous and/or semi-continuous textile finishing processes using PFAS-containing 
‘padding liquors’ is the ‘pretreatment of (separately collected) wastewater streams that contain high loads 
of pollutants that cannot be treated adequately by biological treatment’ (BAT conclusion No 19, ECHA, 
2025b). In addition, BAT for PFASs is also described as the ‘separate collection and storage of wastes 
contaminated with hazardous substances and/or substances of very high concern prior to disposal’ (BAT 
conclusion No 30, ECHA, 2025b). In addition, the BREF reports stated that, in general, it is best to dispose of 
spent padding liquors directly via incineration (unless the liquors exclusively consist of readily biodegradable 
compounds such as fatty acid esters applied as softeners) (EC, 2023).   

245. BAT for the textile industry for all activities and processes is the measurement of PFAS once every 
three months to monitor the emissions to water (cf. BAT conclusion No 8. Commission Implementing Decision 
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(EU) 2022/2508). Respondents to the consultation on the PFAS restriction note that applying BAT can reduce 
emissions from production to close to zero (ECHA, 2025b). 

246. During the use of PFAS-containing textiles PFAS is released to the environment by washing (leaching 
and fibre release), abrasion (wear and tear) and degradation. PFAS emissions from use can be avoided or 
reduced by PFAS-substitution in both textiles and impregnating agents as long as the textiles meets the 
desired safety performance standards. End-of-life treatment such as incineration or landfills leads to PFAS 
emissions to air, water and land. PFAS emissions from end-of-life can be reduced by PFAS-substitution, PFAS 
abatement and sorting, reuse and recycling.  

247. The EEA report highlighted that PFAS-containing textiles can in principle be identified and sorted 
after-use or at end of life, but this is rarely done in practice (EEA, 2024). 

5.3.4 Invasive and implantable medical devices 

5.3.4.1 Background 

248. The medical devices sector encompasses the following main uses: 

i. Invasive medical devices (stents, tubes and catheters as well as vision applications); 

ii. Implantable medical devices such as medical implants or fluorinated meshes; 

iii. Non implantable/non-invasive medical devices (coatings, wound treatment, sterilisation gases); 

iv. Packaging for sterilized and non-sterilized medical devices. 

 
249. The PFOA exemption only relates to the first two categories. The predominant PFAS species used in 
medical devices are fluoropolymers, PFAAs are used as well (ECHA, 2025a). According to 
UNEP/POPS/COP.10/INF 25 certain PTFE-containing invasive and implantable medical devices, can contain 
PFOA residual/impurity from the manufacturing process of PTFE.  

250. In the EU “Can coating for pressurised metered-dose inhalers” are allowed until 25 August 2028 (RME 
for long-chain PFCAs, UNEP/POPS/POPRC.19/INF/8) 

251. Alternatives in the manufacturing process are well established nowadays (see chapter 5.3.6).  

252. However, substitution of chemicals in the medical devices area may involve redesign, testing for 
reliability and for patient safety and to obtain the data needed to gain approval. According to Japan in its 
registration for specific exemptions, for implantable medical devices manufactured using 8:2 FTOH, there is 
currently no alternative because an alternative ophthalmic implantable medical device is still under 
development.  

5.3.4.2 Alternatives and BAT and BEP 

The European Union has phased out PFOA and PFOA-related substances for invasive and implantable medical 
devices by 2025 (Regulation (EU), 2019/1021). The exemption for the use of PFOA in invasive and implantable 
medical devices (as defined in the Medical Devices Regulation) was granted a specific transition period. This 
exemption was set to expire on July 4, 2025.  

For information on non-fluorinated catheter coatings such as PEEK (polyetheretherketone) and UHMWPE 
(ultra-high-molecular-weight polyethylene), as well as other non-fluorinated and fluorinated alternatives and 
their advantages and limitations, see https://www.loadedinnovations.com/what-are-viable-alternatives-to-
ptfe-in-catheter-coatings. 

Non-fluorinated alternatives for some exempted uses, like hydrophilic polymer coatings (PVP, PEG, poly (2-
oxazoline)), zwitterionic polymers, biocompatible hydrogels for medical devices are under development but 
still face challenges with sterilisation and safety exist (Awoyemi et al, 2026).  

https://www.pops.int/Implementation/Exemptions/SpecificExemptions/PFOARoSE/tabid/8363/Default.aspx
https://www.loadedinnovations.com/what-are-viable-alternatives-to-ptfe-in-catheter-coatings
https://www.loadedinnovations.com/what-are-viable-alternatives-to-ptfe-in-catheter-coatings
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For further Information on BAT and BEP see chapter 5.3.6.4 “BAT and BEP for Manufacture of 
polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (PVDF)”. 

5.3.5 Use of perfluorooctyl iodide for the production of perfluorooctyl bromide for 

the purpose of producing pharmaceutical products, in accordance with the 

provisions of paragraph 3 of Part X of Annex A 

5.3.5.1 Background 

253. According to the risk management evaluation for PFOA, its salts and PFOA-related compounds 
(UNEP/POPS/POPRC.13/7/Add.2), PFOI, a PFOA-related compound, is produced at one single site in Japan 
during the production of 6:2 fluorotelomer-based substances (telomerisation, separation and distillation in 
closed system), and then transported as isolated intermediate to another site in Japan to produce 
perfluorooctyl bromide (PFOB). PFOB is not a PFOA-related compound but contains unintended trace levels 
of PFOI. Afterwards, PFOB is transported to two sites in the U.S. and Sweden to produce relevant 
pharmaceutical products (Daikin Comments on 2nd RME and information from IFPMA at POPRC-13). PFOB is 
used as a processing aid in the manufacture of “microporous” particles for pharmaceutical applications. The 
“microporous” particles enable the combination of more than two active pharmaceutical ingredients into 
one pharmaceutical with desirable ratios to maximize the effect. The microporous particle technology also 
enables delivery efficiency and targeted delivery in the lungs. The manufactured pharmaceutical products 
currently marketed are for the treatment of patients with chronic obstructive pulmonary disease (COPD), 
cystic fibrosis (CF). 

254. In decision SC-9/13, Parties and observers were invited to provide information relevant to the review 
of the continued need for the specific exemption for the use of PFOI for the production of PFOB for the 
purpose of producing pharmaceutical products by December 2025. This information will be used by the 
POPRC to draft a report for consideration at COP-13 (refer to Chapter 2.3 for more details). 

255. The estimated quantity of production/use of 8:2 FTOH for implantable medical devices and the 
manufacture of porous particulates used in powder inhaler formulations is approximately 44 tons/year.  

https://www.pops.int/Implementation/Exemptions/SpecificExemptions/PFOARoSE/tabid/8363/Default.aspx
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5.3.5.2 Alternative substances 

256. Information available at the time the risk management evaluation for PFOA, its salts and PFOA-
related compounds (UNEP/POPS/POPRC.13/7/Add.2) was prepared (i.e. in 2017), indicated that, despite 
extensive efforts made to identify alternative agents (with at least 15 agents screened), PFOB was found to 
be the only one suitable for manufacture of the “microporous” pharmaceutical products and to have a 
suitable toxicological profile that is safe for administration in humans (NDA 020-091 FDA approval of 
Imagent®). 

5.3.5.3  BAT and BEP 

257. According to the risk management evaluation for PFOA, its salts and PFOA-related compounds 
(UNEP/POPS/POPRC.13/7/Add.2), PFOB-containing waste resulting from the use of this substance as a 
processing aid for the manufacture of microporous particles is captured in serial carbon beds, which is the 
best available technology and minimizes emissions of PFOB to the environment (Information from IFPMA at 
POPRC-13). It must be ensured that PFOB- loaded carbon is destroyed or irreversible transformed according 
to Basel Convention Guidelines. 

258. No detailed information could be obtained regarding BAT and BEP. BEP is to adhere to the general 
BEP measures and collect all PFOB-containing waste followed by environmentally sound management and 
disposal according to the Basel technical guidelines on POPs waste. 

5.3.6 Manufacture of polytetrafluoroethylene (PTFE) and polyvinylidene fluoride 

(PVDF) for specific applications 

5.3.6.1 Background 

259. The listing of PFOA, its salts and PFOA-related compounds in Annex A to the Convention includes a 
specific exemption for the manufacture of polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (PVDF) 
for the production of: 

i. High-performance, corrosion-resistant gas filter membranes, water filter membranes and 
membranes for medical textiles;  

ii. Industrial waste heat exchanger equipment; 

iii. Industrial sealants capable of preventing leakage of volatile organic compounds and PM2.5 
particulates.  

260. Fluoropolymers are widely used across industries as standalone materials, coatings, or additives, 
often in small amounts within complex products. Global consumption has increased, led by China, with PTFE 
remaining the most used but gradually declining in favour of other fluoropolymers. The life cycle stages of 
fluoropolymers, from monomer synthesis to end of life treatment are overviewed in the report and each 
stage involves particular risk management challenges. These include minimisation of hazardous byproducts 
during monomer production, continuing the phase out of PFAS polymerisation aids and controlling 
processing methods with technologies that help to mitigate environmental impacts. End-of-life management 
presents significant challenges, with substantial portions of production scraps recycled internally or 
externally, while post-use waste is predominantly incinerated or landfilled due to complex product 
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integration and material composition. Chemical recycling shows potential but remains in early stages of 
development and scaling (OECD, 2025). 

261. PTFE is a high-performance fluoropolymer used in products and components that require chemical 
resistance, thermal stability, and low friction, including non-stick and release applications. It is widely used 
across sectors, including as a resin, coating, and additive, with production often relying on 
polymerization/processing aids to enable stable aqueous polymerization and dispersion handling (OECD, 
2025)  

262. PTFE manufacturing (typical routes). PTFE is produced by free-radical polymerization of 
tetrafluoroethylene (TFE), typically through two main routes: aqueous emulsion polymerization, which yields 
PTFE latex or aqueous dispersions, and suspension/granular polymerization, which yields fine powder or 
granular PTFE resins. Commercial production commonly includes: 

i. Aqueous emulsion polymerization to produce PTFE latex dispersions, used for coatings and as 
intermediates for further processing). Emulsion polymerization needs a surfactant or 
processing aid to stabilize polymer particles in water and prevent coagulation. 

ii. Suspension and granular routes that yield fine powders or granular PTFE for molding or 
extrusion; these routes may use different auxiliaries, but the historic, most scrutinized PFAS 
releases are strongly associated with surfactants used in emulsion production and dispersion 
processing. 

263. PVDF manufacturing (typical routes). PVDF is produced by radical polymerization of vinylidene 
fluoride (VDF), commonly via aqueous suspension and/or emulsion polymerization to create PVDF powders 
or latices with controlled particle size and molecular weight, enabling downstream uses such as coatings, 
membranes, and binders. 

264. Historically, PFOA and PFNA were widely used as polymerisation aids, but have largely been replaced 
due to environmental concerns. For example, PFOA as a polymerisation aid in fluoropolymer production has 
been identified as a major source of PFOA in the global environment (OECD, 2025) and has been phased out 
globally by several fluoropolymer manufacturers under the 2010/2015 PFOA Stewardship Program with the 
U.S. EPA since 2015 or earlier (USEPA, 2006). The best-known alternative processing aid was ammonium 
perfluorooctanoate (APFO), the ammonium salt of PFOA (UNEP/POPS/POPRC.13/7/Add.2). These aids were 
essential for polymerizing fluoropolymers like PTFE and PVDF in water-based systems but were not 
intentionally incorporated into the final product. Residual PFOA/PFNA has been detected in fluoropolymer 
matrices and products. Meng et al. (2021) reported PFOA concentrations of 6.7–1.1 × 10⁶ ng g⁻¹ in 
fluoropolymer raw materials and <MDL–5.3 × 10³ ng g⁻¹ in fluoropolymer products from Chinese 
manufacturers; in the same sample set, PFNA was far less prominent, with a median below the method 
detection limit and a maximum of 0.5 ng g⁻¹ (Meng et al., 2024). (Meng, L. et al., 2021) reported total residual 
levels of 1.6–5.4 × 10³ ng g⁻¹, with PFOA accounting for 90 ± 15% of the measured residual PFAS in ten typical 
fluoropolymer materials. Please note, the reported threshold levels for PFOA in these studies are sometimes 
exceeding permitted threshold levels in the EU, i.e., 25 ng g-1 (EU, 2019).    

Key applications of PTFE  

265. Because PTFE is extremely chemically inert and heat resistant, it is used where low friction, chemical 
compatibility, and temperature tolerance matter. 

266. Non-stick and release coatings (cookware and industrial release liners): specific performance 
requirements include durable low surface energy, resistance to repeated heating and cooling, abrasion 
resistance, cleaning resistance, and low leachables where food-contact, medical or high-purity applications 
are involved. 

267. Seals, gaskets, valve components, and linings in aggressive chemical service (acid/solvent handling): 
specific performance requirements include broad chemical inertness, resistance to acids, bases, oxidants and 
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solvents, low creep, dimensional stability, reliable sealing performance, and mechanical integrity under 
pressure and temperature cycling. 

268. Wire and cable insulation, and high-reliability components in electronics: specific performance 
requirements include high dielectric strength, low dielectric loss, resistance to humidity and ageing, thermal 
stability, flexibility, low outgassing, and stable performance under vibration, bending, soldering and thermal 
cycling. 

269. Filtration media and specialty membranes (selected cases), including applications UNEP discussed 
when considering exemptions for PFOA-related uses in membrane contexts (UNEP, 2017c): Specific 
performance requirements include controlled pore-size distribution, stable porosity, sustained permeability, 
reproducible separation efficiency, resistance to wetting and fouling, low extractables and leachables, and 
long-term membrane integrity. 

Key applications of PVDF  

270. PVDF combines chemical resistance with good mechanical properties and can be processed into 
powders, films, coatings, and membranes. Major applications include: 

271. Lithium-ion batteries: PVDF is widely used as an electrode binder and in separator coatings, and 
market analyses project battery growth as a major driver for PVDF demand; specific performance 
requirements include strong adhesion, cohesive strength, electrolyte compatibility, electrochemical stability, 
thermal stability, mechanical flexibility, low impurity levels and retention of electrode or separator integrity 
during long-term charge–discharge cycling. Membranes (water treatment and industrial filtration), where 
chemical resistance and durability are critical; membrane uses are also explicitly referenced in POPRC 
discussions about specific application categories; specific performance requirements include controlled pore-
size distribution, stable porosity, sustained permeability, reproducible separation efficiency, chemical-
cleaning resistance, fouling resistance, pressure-cycle durability and low extractables and leachables. 

272. Chemical-service piping/linings and protective coatings (corrosion resistance); specific performance 
requirements include broad chemical resistance, corrosion-barrier performance, low permeability, adhesion 
to the substrate, dimensional stability, abrasion resistance and resistance to cracking, blistering or 
delamination under service conditions. 

273. Specialty electrical/electronic uses (e.g., durable insulation and films), and functional materials 
where PVDF’s properties are advantageous (including in some sensing/actuation niches): specific 
performance requirements include high dielectric strength, low dielectric loss, resistance to humidity and 
thermal ageing, mechanical flexibility, dimensional stability, low outgassing and stable functional response 
in sensing or actuation applications. 

5.3.6.2 Non-fluorinated alternatives 

274. This chapter also covers the production of FEP. Non-fluorinated alternatives in fluoropolymer 
manufacture mainly refer to non-fluorinated polymerisation aids, hydrocarbon-based surfactants, or 
surfactant-free production technologies that are intended to reduce or eliminate the intentional use of PFAS-
based polymerisation aids. These approaches do not replace fluoropolymers themselves, but rather target 
the auxiliary substances used during emulsion, suspension, or related polymerisation processes. Their 
development has been driven by regulatory pressure on long-chain PFAS such as PFOA/APFO and 
PFNA/APFN, as well as increasing concern over the persistence, emissions, and product residues associated 
with fluorinated processing aids (OECD, 2025). 

275. Some fluoropolymer manufactures have worked towards phasing out fluorinated/PFAS 
polymerisation aids in fluoropolymer production (see Table 18). Non-fluorinated polymerisation aids and 
surfactant-free technologies have been reported or announced for selected fluoropolymer types, including 
PTFE, PVDF, PFA/MFA, PCTFE, ECTFE and FKM. Industrial examples include fluorosurfactant-free PVDF 
technologies, non-fluorinated-aid routes for emulsion PTFE, PTFE fine powders and PFA, and fluorinated-aid-
free processes for selected fluoroelastomers. However, these examples should not be interpreted as 
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universal applicability across all fluoropolymers. The feasibility of non-fluorinated alternatives depends 
strongly on polymer type, monomer composition, polymerisation route, product form, performance 
requirements and downstream application (Arkema, 2008; Solvay, 2021; Chemours, 2022; Gujarat, 2022b; 
OECD, 2025). For some applications specific non-fluorinated polymerization aids are available, that are not 
persistent, not bio-accumulative, not toxic and not mobile (Gujarat, 2022a). 

276. The main technical challenge is that fluoropolymer production involves highly reactive fluorinated 
monomers and fluorocarbon radicals, under conditions where conventional hydrocarbon-based surfactants 
may not provide the same chemical stability, interfacial performance, or particle-stabilising ability as 
fluorinated polymerisation aids. In PTFE and related emulsion systems, non-fluorinated aids may affect 
polymerisation kinetics, particle-size control, molecular weight, dispersion stability, and final polymer quality. 
Therefore, non-fluorinated additives could be used in one process, they may not be suitable for another 
process requiring different mechanical, electrical, chemical resistance or high purity properties (Lu et al., 
2024; OECD, 2025). 

277. Importantly, non-fluorinated alternatives should not be presented as inherently risk-free. Recent 
evidence indicates that hydrocarbon-based polymerisation aids can react with fluorocarbon radicals during 
PTFE emulsion polymerisation, leading to the formation of unintended polyfluorinated residuals. Sworen et 
al. analysed a PTFE dispersion produced with the hydrocarbon surfactant DOSS and detected numerous 
process-specific fluorinated residuals, including low-molecular-weight extractable or leachable impurities. 
These findings suggest that non-fluorinated aids may generate new fluorinated byproducts that require 
identification, monitoring and abatement (Sworen et al., 2024; OECD, 2025). 

278. Future development should therefore move beyond simple substitution and adopt a process-specific 
assessment framework. Non-fluorinated-aid and surfactant-free technologies should be evaluated using 
targeted PFAS analysis, suspect and non-targeted LC–HRMS screening, total organic fluorine or mass-balance 
approaches, and verification of emissions to wastewater, air, residues and final products. Surfactant-free 
fluoropolymer production may represent a promising long-term direction, especially if it can maintain high-
performance properties while minimizing unintended fluorinated byproducts, but its technical scope and 
industrial applicability remain insufficiently disclosed. Overall, non-fluorinated alternatives should be treated 
as an important transition pathway for reducing PFAS-based polymerisation aids, but not as a complete 
solution unless product quality, byproduct formation, emissions and end-product residues are systematically 
verified (AGC, 2024; OECD, 2025; Sworen et al., 2024). 

279. The development status of the substitution processes for these alternative polymerization aids for 
PTFE and/or PVDF, which are suitable for the exempted applications, was unclear at the time of publication 
of this guidance. Table 18 provides examples of non/fluorinated polymersiation aids (OECD, 2025). 
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Table 18. Availability of non-fluorinated polymerisation aids (OECD 2025) 

 

280. For PVDF fluorinated surfactants have been used in emulsion polymerisations but have been 
replaced with non-fluorinated surfactants by many producers (OECD, 2025).  

281. The use of non-fluorinated polymerisation aids may involve trade-offs. Recent studies indicate that 
in PTFE production, non-fluorinated polymerisation aids may react with fluorocarbon radicals during 
polymerisation, leading to lower-quality polymers and the generation of a broader range of unintended 
fluorinated byproducts compared to fluorinated aids (Puts et al., 2019; Chemours, 2023; Sworen et al., 2024); 
for more details on unintended fluorinated byproducts, see Chapter 4 “Polymerisation aids, along with their 
degradation products, impurities, and related byproducts”. Chemours (2023) also noted that the types of 
unintended fluorinated byproducts can vary depending on the polymerisation aid, monomers, recipe, 
manufacturing process, and resulting polymers. In contrast, AGC has recently announced that its new 
technology “makes it possible to manufacture fluoropolymers having the same type of high-performance 
properties as those produced by conventional methods with an extremely low generation of fluorinated 
byproducts, without using any surfactants” (AGC, 2024). However, specific technical details were not 
disclosed, including which fluoropolymer types the technology is applicable to. (OECD 2025). 

282. “Recent advances in fluoropolymer polymerization have focused on replacing perfluorinated 
polymerization aids (PAs) with hydrocarbon-based alternatives. Hydrocarbon PAs are vulnerable to 
fluorinated radicals during polymerization, leading to the creation of hundreds of process-specific 
polyfluorinated residuals. These residuals, which include low molecular weight extractable or leachable 
impurities, are challenging to detect at trace levels. This study investigates a polytetrafluoroethylene (PTFE) 
dispersion prepared with a hydrocarbon-based surfactant (DOSS) to measure these process-specific 
fluorinated residues. Liquid chromatography high resolution mass spectrometry is one of the few analytical 
methods that offers the sensitivity and selectivity required to detect these residuals in complex matrices at 
concentrations as low as parts per billion. The results indicate that using a hydrocarbon PA during emulsion 
polymerization produces numerous polyfluorinated residuals. These must be identified and monitored to 
develop effective abatement strategies, ensuring responsible fluoropolymer manufacturing (Sworen, 2024).” 
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283. In 2024, a Japanese company declared that it could completely eliminate the use of surfactants in 
the production of fluoropolymers via emulsion polymerization. “By using this technology, even without any 
surfactants, produced fluoropolymers demonstrate the same properties as those from conventional 
production processes, such as resistance to heat, cold and chemicals. Furthermore, the amount of 
individualized non-polymeric fluorinated byproducts contained in a product can be controlled to less than 25 
parts per billion (ACEA, 2024).” 

5.3.6.3 Fluorinated alternatives 

284. This chapter also covers the production of FEP. Many producers have replaced APFO with other 
fluorinated processing aids (OECD, 2025, Dalmijn et al., 2025) (see Figure 10).  

 

Figure 10. A summary overview of alternative fluorinated polymerization aids (OECD, 2025) 

285. GenX is classified as “Substance of Very High Concern (SVHC) by the European Chemicals Agency 
(ECHA) since 2019. ADONA and C6O4 break down to persistent PFAS. EEA-NH4 is very persistent and 
mobile in water and has similar physicochemical properties to ADONA and GenX (O’Rourke et al., 2024). 
PFHxA is restricted in the EU for specific applications (EU, 2024). HFPO-TrA exhibits environmental 
persistence and multisystem toxicity (Yang et al., 2025). 

286. For these substitutes are highly mobile in water and persistent in the environment, manufacturing 
processes with largely closed-loop systems and most updated BAT wastewater treatment technologies should be 
used before being released in the environment, in order to remove the surfactants. This is essential to avoid a 
shift in risks; see Chapter 3 and the section on BAT and BEP below (Lohmann et al., 2020).   
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287. Therefore, efforts are being made to use non-fluorinated, e.g., hydrocarbon-based surfactants as 
substitutes, shift to specialized water-based suspension polymerization or to completely surfactant free 
fluoropolymer production (AGC, 2024). 

288. Plasma-deposited fluorocarbon coatings represent another approach, offering reduced material 
loading while potentially providing surface properties similar to traditional fluoropolymers (Gélinas et al. 
2024). However, these substitutions can reduce reliance on PFOA or the fluorinated processing aids 
mentioned in Figure 10, but may introduce other PFAS processing aids, which remain relevant for release 
prevention and control. 

5.3.6.4 BAT and BEP 

289. This chapter also covers the manufacture of FEP. 

290. From a life-cycle perspective, fluoropolymer production is widely identified as the phase with the 
highest potential for releases of processing aids and other PFAS-related substances (including via air and 
water), underscoring the importance of robust emission controls and verification measures at manufacturing 
sites (e.g., containment, capture and treatment of process off-gases and wastewater streams, and 
environmentally sound management of residues).  

291. In line with the general description for fluoropolymer/fluoroelastomer manufacture, processing aids 
are typically added in small proportions relative to the polymer, and following polymerization the polymer 
dispersion is separated (e.g., by coagulation). A large fraction of the processing aid may remain in the aqueous 
phase, making wastewater management and treatment a key element of BAT/BEP during fluoropolymer 
manufacture; residues (e.g., treatment sludges or spent media) may require hazardous-waste management 
and appropriate destruction where applicable. 

292. Potential release points during fluoropolymer manufacture include: 

i. Process wastewater streams associated with reactor cleaning, latex transfer, 
coagulation/separation, washing, and equipment rinsing; leaks in underground sewers; 

ii. Off-gas streams from polymerization reactors and monomer recovery systems, including venting, 
purging and pressure relief events; 

iii. Fluoropolymer production is known to be associated with high volumes of emissions of 
fluorinated gases, perfluoroalkyl carboxylic acids (PFCAs) and perfluoroalkyl ether carboxylic 
acids (PFECAs) among others (Miller et al., 2026). Emissions associated with drying, palletization 
or thermal treatment steps;  

iv. Solid residues such as sludges, spent filtration media, contaminated absorbents, and off-spec 
materials; 

v. Substance releases due to accidents and concentrated infiltration of precipitation water from the 
plant site or landfills (LfU Bayern, 2025). 

293. During manufacturing, processing aids are be released in wastewater and air during polymerizations, 
dispersion handling and equipment cleaning. Widespread environmental contamination has been reported 
close to fluoropolymer production sites, including sites in China, England, Germany, France, Italy, The 
Netherlands and US countries; for India no data are available (Song et al., 2018; OECD, 2025; Miller et al., 
2026). A wide range of fluorinated substances have been, and are being, released from these sites. Some of 
them expected ones, like unreacted raw materials and byproducts from monomer synthesis, unreacted 
monomers, the polymerisation aids, mentioned above and particles of fluoropolymer themselves, but also 
other unexpected ones (OECD, 2025). Since these contaminations occurred even if complying with their 
operating permits, the limit values in these permits were in some cases reduced by orders of magnitude in 
order to reduce PFAS emissions. 
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294. The European Fluoropolymer Product Group (FPG) announced to minimize emissions to water and 
air of non-polymeric PFAS residues from polymerisation aid technology. The program comprises an industry-
led voluntary commitment to achieve average emissions factors for non-polymeric PFAS residues from 
polymerisation aid technology that is used in the fluoropolymer manufacturing process. 

295. Specifically, members of the Programme have: 

i. For Air, achieved a reduction of these emissions in their 2024 annual average emission factors 
below their target of 0.009%; 

ii. For Water, while not all European fluoropolymers manufacturers have met the 2024 annual 
average emission factor for the emissions target of 0.001%, they all met that ambitious target at 
the end of 2024, therefore guaranteeing these emissions below 0.001% for 2025. 

296. Please note that, given unknown initial emission levels, even a significant reduction of PFAS emissions 
in percent may still result in concentrations that may exceed environmental requirements or limit values, e.g. 
in waste water. The announced emission reductions are certainly a step in the right direction, but it is 
important to note that they only relate to the polymerization process and not to total emissions from 
fluoropolymer production. 

297. The aqueous phase should be treated by using the most updated best available techniques (BAT) 
before being released in the environment, in order to remove the surfactants. One company implemented 
emission control measures using ion exchange resin to remove EEA-NH4 as polymerisation aid from various 
product and waste streams after polymerisation (OECD, 2025). In case of potential contaminated sludge 
waste, this should be treated by incineration before disposal. Many efforts have been made in last years by 
fluoropolymers producers in order to improve and develop the best available techniques in the 
manufacturing process, with the aim to manage the environmental emissions. Important results have been 
reported by major manufacturers, such as fluorinated processing aids (PA) recovery for reuse, 99% removal 
of fluorinated PA in wastewater treatment, 99.99% capture and destruction efficiency of gaseous emissions 
through a thermal oxidizer. (ETRMA, 2023). 

298. In practice, PFAS monitoring should cover the main process off-gas streams and stack emissions 
after abatement, as well as wastewater-treatment influents, treatment-unit effluents, final discharge points, 
and relevant sludge or residual streams (ITRC, 2023; U.S. EPA, 2024a; U.S. EPA, 2025). Monitoring should be 
performed at regular intervals during normal operation and additionally after process changes, maintenance 
events, or abnormal operating conditions (ITRC, 2023). For wastewater and other aqueous or solid matrices, 
targeted PFAS analysis can be conducted using validated LC–MS/MS approaches, such as EPA Method 1633A, 
whereas PFAS in stationary-source air emissions can be assessed using stack-sampling approaches such as 
EPA OTM-45 (U.S. EPA, 2024a; U.S. EPA, 2025). Reported BAT/BEP-relevant measures include recovery and 
reuse of fluorinated polymerisation aids, high-efficiency treatment of process wastewater, capture and 
destruction of gaseous emissions using thermal oxidation, optimized cleaning-in-place to reduce washdown 
volumes, and controlled incineration or destruction of contaminated sludge and residues (FPG, 2023; ETRMA, 
2023). Use closed or highly contained reactor systems and closed transfer lines for monomers, dispersions, 
and process liquids; minimize open handling through sealed sampling systems and enclosed intermediate 
storage. Apply secondary containment and controlled drainage in dispersion-handling areas; segregate PFAS-
bearing drains from general wastewater. 

299. systems and enclosed intermediate storage. Apply secondary containment and controlled drainage 
in dispersion-handling areas; segregate PFAS-bearing drains from general wastewater. 

300. Treat relevant air streams (reactor vents, vacuum systems, dryers, and controlled building exhaust) 
using a combination of high-efficiency aerosol/particulate control (e.g., demisters/filters) upstream, and 
activated carbon adsorption and/or thermal oxidation (site-appropriate) for polishing and destruction of 
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relevant organic emissions (OECD, 2025). Ensure that air pollution control residues (spent carbon, filters, 
scrubber liquids) are managed as PFAS-bearing wastes. 

301. Apply a treatment train designed for persistent contaminants, typically combining solids 
separation, adsorption (e.g., GAC/PAC), ion exchange resins, and/or membrane separation (as a 
concentration step), with appropriate management of concentrates and residuals (OECD, 2025; US EPA, 
2024/2025). 

302. The BEP addressing PFAS processing aids and related substances includes 

i. Robust inventory control and mass-balance accounting for processing aids (inputs, product, 
wastewater, air, wastes); 

ii. Housekeeping and spill prevention in dispersion and cleaning areas; 

iii. Segregation of PFAS-bearing wastewaters and clear labelling/containment for PFAS-bearing 
residues; 

iv. Optimized cleaning-in-place (CIP) and minimized washdown frequency and volume; 

v. Training of operators and maintenance personnel on PFAS-specific handling and emergency 
response. 

vi. Apply good engineering practice to prevent cross-media transfer: avoid uncontrolled venting, 
avoid re-aerosolization of contaminated liquids, and ensure that treatment residuals do not 
become secondary emission sources. 

303. Details of the technologies deployed to reach these goals have not been disclosed but that the 
programme members plan to publish a “State of the art technologies platform” to promote adoption of such 
technologies. 

5.3.7 Manufacture of polyfluoroethylene propylene (FEP) for the production of high-

voltage electrical wire and cables for power transmission 

5.3.7.1 Background 

304. The production of FEP is orders of magnitude lower than that of PTFE and its production is also 
much less reported than that of PTFE in the public domain (OECD, 2025)(See Figure 11). 

305.  Polyfluoroethylene propylene (FEP) is a critical material for high-voltage cables due to a 
combination of desirable properties stemming from its copolymeric structure of tetrafluoroethylene (TFE) 
and hexafluoropropylene (HFP) (Gangal, 2000). The primary product of FEP in high-voltage electrical wires 
and cables for power transmission is electrical insulation (Southwire, 2024). FEP is used as the insulating 
material surrounding the conductive core of the wire. These properties enable FEP to perform effectively in 
demanding electrical transmission applications. 

306. A primary characteristic of the FEP is the high dielectric strength, which exceeds 300 kV/mm 
(Gangal, 2000). This dielectric strength is crucial for preventing electrical breakdown in high-voltage 
environments. Coupled with this is a low dielectric constant and a near-zero dissipation factor (Gangal, 2000). 
These electrical insulation properties contribute to minimizing energy loss and maintaining signal integrity in 
power transmission systems. 

307. Thermal stability is another attribute, with FEP maintaining performance up to 200°C (Gangal, 
2000). This high-temperature resistance is particularly advantageous for high-voltage cables, which often 
experience elevated operating temperatures. For example, FEP cables are designed to operate at much 
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higher temperatures than traditional cross-linked polyethylene (XLPE) insulation, which typically has a 
maximum allowable temperature of 90°C (Lewandowski et al., 2024). 

308. FEP also exhibits high chemical inertness, providing resistance to a wide range of chemicals, which 
is essential for the longevity and reliability of cables in various environmental conditions (Gangal, 2000). This 
inertness, combined with its high thermal and mechanical resistance, makes fluoropolymers like FEP 
attractive to industries (da Silva Tirelli et al., 2023). 

309. The melt processability of FEP, facilitated by the inclusion of HFP which lowers its melting point to 
around 260°C (compared to PTFE's 327°C) and is vital for its manufacturing into wire insulation (Gangal. 
2000). This allows for conventional melt extrusion, producing continuous lengths of wire insulation, which is 
a significant advantage in large-scale cable production (Gangal, 2000). Meanwhile, the melt shear viscosity 
of FEP at low shear rates provides useful information on its macromolecular chain structure, which is relevant 
for optimizing its flow properties during processing (Liang et al., 2009). 

310. Despite these advantages, properties like possible shrink back when being subjected to heating and 
subsequent cooling (Lewandowski et al., 2024) or thermal degradation of FEP can affect its physical and 
structural properties (da Silva Tirelli et al., 2023). 

5.3.7.2 Non-fluorinated alternatives 

311. The industrial sector is actively evaluating whether high-performance non-fluoropolymers could 
partially replace FEP in manufacture. In the context of high-voltage cables, non-fluorinated insulation 
materials (e.g., polypropylene (PP) for HVDC systems) have been explored due to recyclability and favourable 
electrical properties, and additional non-fluorinated options include ethylene propylene rubber (EPR), 
silicone rubber, and thermoplastic elastomers (TPE-EEA) (Li et al., 2024). Where functional requirements 
allow, use of non-fluorinated insulation materials is a BEP for reducing upstream PFAS demand and 
associated manufacturing releases. For further Information see chapter 5.3.6.2. 

5.3.7.3 Fluorinated alternatives 

312. Shorter-chain fluorinated substances, such as C4-C6 fluorotelomer-based copolymers, and GenX 
have been reported to replace APFO as a processing aid used for emulsion polymerization of PTFE and FEP 
at certain production sites (see Figure 10) . These aim to retain some beneficial properties of fluoropolymers 
while potentially reducing persistence and bioaccumulation compared to older, long-chain PFAS (Wang et al. 
2019).  
For further Information see chapter 5.3.6.3. 

5.3.7.4 BAT and BEP 

286. In line with the general description for fluoropolymer/fluoroelastomer manufacture, processing aids 
are typically added in small proportions relative to the polymer, and following polymerization the polymer 
dispersion is separated (e.g., by coagulation). A large fraction of the processing aid may remain in the aqueous 
phase, making wastewater management and treatment a key element of BAT/BEP during fluoropolymer 
manufacture; residues (e.g., treatment sludges or spent media) may require hazardous-waste management 
and appropriate destruction where applicable. 

For further Information see chapter 5.3.6.4 BAT and BEP for Manufacture of polytetrafluoroethylene (PTFE) 
and polyvinylidene fluoride (PVDF). 

287. BEP is to adhere to the general BEP measures and collect all waste followed by environmentally 
sound management and disposal according to the Basel technical guidelines on POPs waste. 

5.3.8 Manufacture of fluoroelastomers for the production of O-rings, v-belts and 

plastic accessories for car interiors 
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5.3.8.1 Background 

313. O-rings made of fluoroelastomers, also known as fluorocarbon rubber, meet the technical 
requirements for aggressive media, e.g., long-term exposure to oils, gasoline, or diesel and operate reliably 
between approximately –20 °C +up to 275 °C (Chemours, 2017; ETRMA, 2023). Other sectors are the 
aerospace industry, in oil and gas high vacuum technology and semi-conductor industries (Chemours, 2017; 
OECD, 2025; ETRMA, 2023).  

Fluoroelastomers (Fluorine kautschuk material, FKM), Fluorosilicones (FLS) and Perfluoroelastomers of the 
polymethylene type (FFKM) are defined as a type of fluorinated polymer, specifically a synthetic rubber 
characterized by the presence of fluorine atoms in their molecular structure, which imparts excellent chemical, 
thermal resistance and mechanical durability. FKMs dominate the market, accounting for over 90%, followed by 
fluorosilicone elastomers (ca. 8%) and FFKM (ca. 1%) (OECD 2023 and 2025; ECHA 2025; ETRMA 2023). 

314. According to OECD fluoroelastomers are polymers that typically require specific curing steps and 
are used in applications demanding high resistance to heat, chemicals, and oils, often produced using 
processing aids like PFOA-related compounds in their manufacture (OECD, 2013; OECD, 2022b; and OECD, 
2025).  

315. Fluoroelastomers are produced by controlled polymerization of fluorinated monomers, 
compounded with additives, shaped by molding or extrusion, and vulcanized to achieve high performance 
(OECD, 2025; ETRMA, 2023). Fluoroelastomers based on VDF copolymers, TFE–propylene copolymers and 
TFE–PAVE copolymers are usually prepared in aqueous emulsion, with free-radical initiators and emulsifying 
agents, which might be fluorinated or non-fluorinated surfactants. Free-radical solution polymerisations are 
also possible, but chain transfer from the solvent keeps the molecular weights low. The resulting polymers 
are then compounded with additives, shaped by molding or extrusion, and vulcanized to achieve high 
performance (OECD, 2025; ETRMA, 2023). 

316. Fluoroelastomer manufacturers are required to minimize PFOA and PFOA-related substances 
emissions during production and actively seek alternatives where feasible, as the manufacturing phase poses 
the greatest risk for PFOA use according to ACEA (2023). For more detailed information refer to 5.3.6.2. 

317. A non-exhaustive inventory of the fluoropolymers/ fluoroelastomers used in the automotive 
industry conducted by ACEA (ACEA, 2024) identified more than 250 parts composed entirely of 
fluoropolymers/fluoroelastomers. These include O-rings and other seals for fuel, oil, and thermal 
management systems, as well as high-temperature, oil-resistant belts (e.g., V-belts) and other under-hood 
elastomer parts, and selected interior or trim-related plastic/elastomer accessories. Half of the identified 
parts were located in the engine area. According to ACEA (2023), PTFE (polytetrafluoroethylene) accounts 
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for nearly 50% of the total reported PFAS in the automotive industry, while fluoroelastomers (FKM) represent 
only about 5% (see Figure 11). 

Figure 11. Most used fluoropolymers in the automotive industry (IMDS data, early 2022, ACEA 2023) 

 

5.3.8.2 Non -fluorinated alternatives: 

318. According to OECD (2025) non-fluorinated polymerisation aids in the polymerisation of 
fluoropolymers are available for the production of PTFE, PVDF, and a variety of other fluoropolymers (see 
5.3.6.2). In the context of fluoroelastomers, these alternatives should be distinguished from non-fluorinated 
replacements for the polymer itself: non-fluorinated polymerisation aids, non-fluorosurfactant technologies 
or surfactant-free technologies address the manufacturing process, while the resulting polymer may remain 
a FKM or FFKM fluoroelastomer. Public manufacturer information indicates that such technologies have been 
introduced or announced for certain FKM and FFKM product lines (Chemours, 2022; Solvay, 2022; Syensqo, 
2025; AGC, 2025). However, this information does not establish that they are used across all fluoroelastomer 
grades or for all automotive applications covered by this specific exemption. 

319. Non-fluorinated elastomers — including EPDM (ethylene propylene diene monomer rubber), HNBR 
(hydrogenated nitrile butadiene rubber) and VMQ (silicone rubber) — are available and in commercial use 
for O-rings and seals in applications where the required combination of thermal range and chemical 
resistance does not demand FKM-grade performance. However, institutional assessments indicate significant 
limitations for demanding automotive applications. Additional non-fluorinated elastomers, such as NBR, 
ACM, AEM, CR and ECO, have also been considered as possible alternatives for certain automotive sealing or 
elastomer applications (Ramboll, 2026). However, for V-belts and plastic accessories for car interiors, the 
relevance of this subsection is limited to fluoroelastomer-containing components or sub-components, where 
present; broader non-fluorinated materials used in the main body of such articles are outside the scope of 
this fluoroelastomer-specific assessment. 

320. For demanding automotive applications involving fuel contact, elevated temperature, aggressive 
media, pressure-temperature cycling or long service life, substitution remains application-specific. An 
alternatives assessment commissioned by the Fluoropolymers Product Group of Plastics Europe identified 
NBR and HNBR as shortlisted potential alternatives for FKM O-rings in gasoline direct injection systems, while 
ACM, AEM, CR, ECO and VMQ were considered broader longlisted alternatives. However, for the GDI O-ring 
case study, none of the assessed materials fulfilled the key functionalities to the same extent as FKM, and no 
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alternative material could be identified that met the defined key functionalities for long-term use in GDI 
systems (Ramboll, 2026).  

321. For related high-temperature fuel-contact applications, available information indicates that NBR- 
and HNBR-based fuel hoses are already commercially used for certain applications under less demanding 
conditions, but they do not meet the technical requirements for all high-temperature fuel-hose applications, 
in particular where resistance to a wide range of fuels, elevated temperatures and low permeability are 
required (Ramboll, 2026). This supports a cautious, application-specific approach and is consistent with the 
assessment by KEMI (2025), which notes that PFAS-free alternative spare parts are not yet suitable for all 
relevant uses of PFASs. Therefore, the available information reviewed for this guidance does not provide a 
definitive application-by-application list of non-fluorinated substances or materials currently used as direct 
substitutes for fluoroelastomers in O-rings, V-belts and selected plastic or elastomer accessories for car 
interiors. Selection of any such alternative should be made on an application-specific basis, taking into 
account fuel and oil exposure, operating temperature, pressure-temperature rating, permeability, 
compression set, long-term sealability, service life, safety requirements and applicable OEM specifications. 

5.3.8.2 Fluorinated alternatives: 

322. Fluorinated surfactants are added in an amount of about 0.5 − 1.5% respect to the polymer (OECD, 
2013; ETRMA, 2023). At the end of the polymerization reaction the fluorinated polymer, which constitutes 
about 25−30% of the emulsion, is separated by coagulation. The majority of the surfactants remain in the 
aqueous phase, while a negligible part remains in the polymer.  No detailed information on fluorinated 
alternatives could be obtained. For fluorinated alternatives in manufacturing of PTFE and PVDF see 5.3.6.3 
and for FEP see 5.3.7.3. 

5.3.8.3 BAT and BEP 

323. The Fluoropolymers Product Group of Plastics Europe (FPG)(2023) concluded, on the basis of a survey 

of over 130 downstream user companies, that in transport applications — which represent the highest 

volume use of fluoropolymers in the EU — available alternative materials cannot provide the combination of 
properties exhibited by fluoropolymers, as they cannot display the required resistance to a wide range of 
temperatures and degrade in the presence of aggressive chemicals such as petroleum products. The 
European Parliament study on PFAS as enablers in European industrial competitiveness (European 
Parliament, 2025) concluded that substitution for FFKM/FKM in strategic sectors is often unfeasible, 
recommending permanent or long-term derogations for critical uses and an innovation fund to support 
development of alternatives. Similarly, ECHA's 2025 Background Document assessed that continued use of 
fluoropolymers in sealing under controlled conditions (RO3) was not sufficiently effective from a restriction 
standpoint, implying that full substitution is not yet available for the sector (ECHA, 2025c). 

324. For fluoropolymer production facilities that also include the manufacture of fluoroelastomers, please 
refer to the FPG manufacturing program for European production sites, as it addresses non-polymer PFAS 
residues resulting from the polymerization aid technology used in fluoropolymer production and outlines an 
industry-led approach to reducing emissions to air and water (FPG Manufacturing Program, 2023; FPG, 2025). 
The program is intended as supplementary industry information and does not replace the BAT/BEP measures 
outlined in this guideline. 

325. Fluorinated surfactants are added in an amount of about 0.5 − 1.5% respect to the polymer (OECD, 
2013; ETRMA, 2023). At the end of the polymerization reaction the fluorinated polymer, which constitutes 
about 25−30% of the emulsion, is separated by coagulation. The majority of the surfactants remain in the 
aqueous phase, while a negligible part remains in the polymer. The aqueous phase is treated by using the 
most updated BAT before being released in the environment, in order to remove the surfactants. In case of 
potential contaminated sludge waste, this is treated by incineration before disposal (ETRMA, 2023). 
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326. Consistent with UNEP Stockholm Convention BAT/BEP guidance, key BAT/BEP elements for 
facilities manufacturing fluoroelastomers where PFAS processing aids may be present include:  

i. Closed, well-contained process equipment and optimized operating conditions to prevent 
fugitive releases;  

ii. Segregation of PFAS-bearing wastewaters from other streams;  

iii. Use of high-efficiency wastewater treatment and polishing appropriate for persistent and 
mobile contaminants, with controlled handling of treatment residuals;  

iv. Effective off-gas capture and treatment for aerosol/particulate and volatile pathways;  

v. An environmental management system with monitoring and continuous improvement focused 
on preventing transfer of contaminants from air to water and to solid residues. 

327. For the majority of the surfactants remain in the aqueous phase waste water should be treated 
using appropriate BAT/BEP before discharge in order to remove surfactants or processing-aid residues, and 
contaminated sludge or spent treatment media should be managed as waste and destroyed or disposed of 
in an environmentally sound manner, where applicable (ETRMA 2023). 

328. BEP additionally includes (https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas):  

i. Housekeeping and spill prevention, especially during latex/dispersion handling and equipment 
cleaning;  

ii. Minimizing the volume and frequency of wash-down and changeover cleaning through process 
optimization;  

iii. Inventory control and mass-balance tracking for processing aids; 

iv. Transparent reporting and periodic verification of releases to ensure that substitution does not 

lead to “risk shifting” (e.g., from one PFAS to another with high persistence/mobility). 

329. Besides the global phase-out under the Stockholm Convention, PFOA, its salts and PFOA-related 
compounds are regulated in the European Union under Regulation (EU) 2019/1021 on persistent organic 
pollutants. In parallel, a broader PFAS group restriction proposal under REACH has been submitted for PFAS 
uses not yet regulated and may be relevant to fluoropolymer and fluoroelastomer manufacture, including 
sealing applications such as O-rings (EU, 2019; ECHA, 2025a). Such applications may use fluoroelastomers to 
achieve high chemical and thermal resistance; the relevant POP-PFAS concern in this section is primarily the 
use, residual presence, release or waste management of PFOA-related processing aids and their substitutes, 
depending on the manufacturing process. 

5.4 Long-chain PFCAs, their salts and related compounds 

5.4.1 Semiconductors designed for replacement parts not covered in paragraphs 

2(a) and (b) of Part XIV of Annex A 

5.4.1.1 Background 

330. The listing of long-chain PFCAs, their salts and related compounds in Annex A to the Convention 
includes a specific exemption for semiconductors designed for replacement parts not covered in paragraphs 
2(a) and (b) of Part XIV of Annex A (refer to Chapter 2.4.1 for more details on the provisions for this 
exemption). 

331. As indicated in the risk management evaluation on long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2), long-chain PFAS can be used in anti-reflective coatings used 
in the manufacturing of semiconductors, which make up electronic devices. More specifically, C10 PFCA has 
been reported by the semiconductor industry to be used in specialized semiconductors (i.e. micro-
electromechanical system (MEMS)-based semiconductors) imported within products into Canada. The 

https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas
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industry, however, has indicated that long-chain PFCAs, their salts and related compounds are not used in 
photolithography or etch processes (UNEP/POPS/POPRC.19/9/Add.2), contrary to PFOA, its salts and related 
compounds (refer to chapter 5.3.1 for more details). 

5.4.1.2 Non-fluorinated alternatives 

332. Section 5.3.2.1: “Alternatives” to “photolithography or etch processes in semiconductor 
manufacturing,” also applies in principle to semiconductors designed for replacement parts. However, there 
may be limitations if replacement parts must meet certain specific established specifications or when new 
technologies cannot be applied to older production lines. 

333. According to the risk management evaluation on long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2), the draft guidance on alternatives to PFOA, its salts and 
related compounds (hereafter referred to as the “draft guidance on alternatives to PFOA”) 
(UNEP/POPS/COP.10/INF/25) provides a list of possible non-fluorinated alternatives to the use of PFOA in 
the manufacturing of semiconductors, which may also be suitable alternatives to long-chain PFCAs. Chapter 
5.3.1.2 of this guidance provides information on non-fluorinated alternatives that have been identified for 
semiconductor manufacturing.  

334. However, since it is not known which exact substances are utilized in which specific processes of the 
semiconductor manufacturing process, it is not possible to provide specific information on any alternatives 
beyond what has been provided in Chapter 5.3.1.2 and in the other references mentioned above.  

5.4.1.3 Fluorinated alternative substances 

335.  Around 200 long-chain PFCAs (here C9-14) and their precursors were added to the REACH regulation 
in 2021. Consequently, the production and use of long-chain PFAS have significantly decreased, but many 
homologous substances have substituted them, including short-chain PFAS, such as perfluorobutane sulfonic 
acid (PFBS) and perfluoroheptanoic acid (PFHpA), and per- and poly-fluoroalkyl ether carboxylic acids 
(PFECAs), such as hexafluoropropylene oxide-dimer acid (GenX, HFPO-DA) and ammonium 4,8-dioxa-3H-
perfluorononanoic acid (ADONA). Therefore, in early 2023 five EU member states prepared a restriction 
proposal to the European Chemical Agency (ECHA) covering the production, marketing, and use of all PFAS 
in the EU (Reinikainen et al., 2024). 
 
336. Short-chain PFAS alternatives to long-chain PFAS used in anti-reflective coatings are available on the 
market (e.g., short-chain polymeric fluoroalkyl acid ester, CAS. 661476-43-3, fluoropolymer with a short 
fluoroalkyl side chain that is less than C4, PFBS or functionalized fluoroethanesulfonates) (OECD, 2022; 
UNEP/POPS/COP.10/INF/25). Refer to chapter 5.3.1 for information on fluorinated alternatives to the use of 
PFOA, its salts and PFOA-related compounds for semiconductor manufacturing, which may also be suitable 
alternatives to long-chain PFCAs. Please note that some proposed alternatives might be under regulatory 
scrutiny in specific countries or regions.  For information on the potential risks associated with the use of 
short-chain PFAS, see section 2.5. 

 
337. Chapter 5.3.1.2 of this guidance provides information on fluorinated alternatives that have been 
identified for semiconductor manufacturing. However, the applicability to semiconductors designed for use 
of replacement parts may be similarly limited, as noted in 5.4.1.2. 

5.4.1.4 BAT and BEP 

338. Refer to Chapter 5.3.1.3 and to 5.4.1. for information on BAT and BEP relevant to the use of long-
chain PFCAs, their salts and related compounds in the semiconductor industry, and to 3.3.1 for information 
related to the unintentional production of long-chain PFCAs in the manufacture of PTFE micro powders. 

339. According to the risk management evaluation for long-chain PFCAs, their salts and related 
compounds, long-chain PFCAs may be unintentionally produced during industrial processes and low 
temperature incineration of wastes. 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/perflubutane
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340. Long-chain PFCAs and their related compounds have been measured in leachate, fly ash and bottom 
ash from municipal solid waste incineration facilities.  It was found that mainly leachate, but also fly ash and 
bottom ash from municipal solid waste incineration facilities are vectors of long-chain PFCAs and their related 
compounds into the environment. 

341. C9−C12 PFCAs, as well as PFOA, were also reported to be unintentionally produced during the thermal 
decomposition of fluoropolymers (e.g. PTFE) at temperatures and in conditions that are not dissimilar to 
those that might be found in the open burning of domestic wastes. 

342. Manufacturers (e.g. of PTFE micro powders by ionising radiation or thermal degradation) should aim 
to minimise the unintentional presence of long-chain PFCAs and their related compounds to the largest 
possible extent from commercial mixtures and materials.  

343. The EU provided information on the availability of technologies and the progress made in the EU 
towards minimising the unintentional production of long-chain PFCAs and their related compounds during 
the manufacturing of PTFE micro powders, the manufacturing of per- and polyfluorinated chemicals based 
on a C6-based chemistries, and in the polymerisation of fluoropolymers containing perfluoroalkoxy-groups.  
(UNEP/POPS/POPRC.19/INF/8). 

344. Processes have been developed to reduce the concentration of PFOA in PTFE micro powders to below 
the 25 ppb threshold set out in the EU POP Regulation. These processes have been successfully implemented 
by most PTFE micro powder manufacturers. The remaining manufacturers indicated that they would be able 
to comply with this limit by 5 July 2022 (ECHA, 2020). 

345. Similar processes for the reduction of C9−C14 PFCA impurities in PTFE micro powders are being, or 
have been, developed (ECHA 2020). These processes indicate the potential to reduce the concentration of 

C9−C14 PFCAs from present levels of 1000 ppb to levels below 400 ppb (in some cases to <25 ppb). These 
processes should be fully operational by 2022 (UNEP/POPS/POPRC.19/INF/8). 

346. In the EU, the manufacture, use and placing on the market of C9–C14 PFCAs, their salts and related 
compounds, as well as the import of articles containing these substances, have been restricted under REACH 
since February 2023, with time-limited derogations for certain applications.  

347. Since the C9-C21 PFCAs, their salts and related compounds have been included in Annex A of the 
Stockholm Convention, this will be superseded by inclusion in the EU POP regulation 2019/1021 with limit 
values for unintentional trace contaminants (UTC). The European Commission proposes to 

• Set separate UTCs for C9-C14 and C15-C21 PFCAs for fluoroplastics and fluoroelastomers that contain 

perfluoroalkoxy groups and PTFE micropowders. According to the information provided by 

stakeholders, the current manufacturing processes and residual reduction technologies can limit the 

concentration of C15-C21 PFCAs to 15 ppm. The Commission proposes to have a temporary separate 

UTC of 15 ppm for C15-C21, for a period of 4 years, both for fluoroplastics and fluoroelastomers and 

for PTFE micropowders. After this period, a single UTC, aligned with the current limit for C9-C14 PFCAs, 

would apply for C9-C21. 

• Apply the specific UTCs also to articles, not only to substances and mixtures, both for fluoroplastics 

and fluoroelastomers and for PTFE micropowders. (EU 2026) 

5.4.2 Semiconductors designed for replacement parts for combustion-engine-

powered vessels 
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5.4.2.1 Background 

348. The listing of long-chain PFCAs, their salts and related compounds in Annex A to the Convention 
includes a specific exemption for semiconductors designed for replacement parts for combustion-engine-
powered vessels in accordance with the provisions of paragraph 2 of Part XIV of Annex A (refer to Chapter 
2.4.1 for more details on the provisions for this exemption). 

349. Refer to Chapter 5.4.1.1 for information on the use of long-chain PFCAs, their salts and related 
compounds in semiconductors, as reported in the risk management evaluation on long-chain PFCAs, their 
salts and related compounds (UNEP/POPS/POPRC.19/9/Add.2). 

5.4.2.2 BAT and BEP 

350. Refer to Chapter 5.3.1.3 and 5.4.1. and for information on BAT and BEP relevant to the use of long-
chain PFCAs, their salts and related compounds in the semiconductor industry. 

5.4.3 Replacement parts for motor vehicles that have ceased mass production, 

covering all land-based vehicles, such as cars, motorcycles, agricultural and 

construction vehicles, and industrial trucks  

5.4.3.1 Background 

351. The listing of long-chain PFCAs, their salts and related compounds in Annex A to the Convention 
includes a specific exemption for replacement parts for motor vehicles that have ceased mass production in 
accordance with the provisions of paragraph 2 of Part XIV of Annex A. This specific exemption covers all land-
based vehicles, such as cars, motorcycles, agricultural and construction vehicles, and industrial trucks. 
Applications include semiconductors, coatings, cables, electronics, engines and under-hood applications, 
modules, hydraulic system components and relay assemblies. Refer to Chapter 2.4.1 for more details on the 
provisions for this exemption. 

352. As indicated in the risk management evaluation on long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2) and related information document 
(UNEP/POPS/POPRC.19/INF/8), long-chain PFCAs, their salts and/or related compounds have been identified 
to be used in the automotive industry, including in vehicle coatings, cables, electronics, engines and 
underhood applications, modules, hydraulic system components and relay assemblies (see Section 2 and 
Table 8 of UNEP/POPS/POPRC.19/INF/8 for details). Possible use in automotive textiles had also been 
identified at the time of the development of the risk management evaluation but needed to be confirmed. 
Semiconductors containing long-chain PFCAs, their salts and related compounds may also be used in 
replacement parts for motor vehicles (refer to Chapter 5.4.1.1 for information on the use of these substances 
in semiconductors). 

353. Information on the specific function of long-chain PFCAs, their salts and/or related compounds in 
applications in the automotive industry is not available, which presents challenges for the identification of 
potential alternatives for this sector. 

354. During the development of the risk management evaluation on long-chain PFCAs, their salts and 
related compounds (see UNEP/POPS/POPRC.19/9/Add.2 and UNEP/POPS/POPRC.19/INF/8), the Canadian 
Vehicle Manufacturers’ Association (CVMA) indicated that vehicle manufacturers (OEMs) only have direct 
access to information that is entered into International Material Data System (IMDS) through the supply 
chain. Suppliers are required to disclose at a minimum any substances listed on the Global Automotive 
Declaration Substances List (GADSL) as well as a minimum total content on the material supplied. Without 
making direct inquiries into the supply base (which is 6 to 7 layers deep and global), vehicle manufacturers 
cannot easily determine why a particular substance was added to the disclosure within IMDS. The CVMA also 
indicated that, from some of their preliminary inquiries, it seems reasonable to assume that some of the 
disclosures could be the result of indirect use of long-chain PFCAs, their salts and related compounds (e.g., 
the use of fluoropolymers (e.g., PTFE) that might have been manufactured using these substances as 
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polymerisation aids) rather than direct uses of long-chain PFCAs, their salts and related compounds. 
However, based on the available information, they are not currently able to differentiate between those 
uses. This is because the declaration threshold in GADSL has been lowered to 25 ppb for the long-chain PFCAs, 
their salts and related compounds group, and as a result new uses, at very low concentrations, have been 
identified. 

5.4.3.2 Alternative substances 

355. As reported in the risk management evaluation on long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2), long-chain PFCAs, their salts and/or related compounds may 
be used in automotive paints and paint sealants to prevent environmental damage. The OECD (2022) has 
identified polysilazanes, silicon dioxide-based formulations as non-fluoro alternatives to the use of PFAS in 
automotive paints, including products suitable for use on various metals (e.g., steel and aluminium), plastics 
and surfaces that are already painted. Another type of alternative is a powder made up of aluminium oxide, 
coated with titanium dioxide, tin oxide and auxiliaries, which is used for its high colour intensity, sparkle 
effect and depth (OECD, 2022). Aliphatic diisocyanate-based polyurethane coatings have also been described 
for use in 

356.  automotive coatings and are marketed as providing weather resistance, including to yellowing or 
degradation due to sunlight. They also provide gloss retention, resistance to water, oil and chemicals (e.g., 
salt) which adds to vehicle corrosion and scratch resistance. Protection from the environment can also be 
conferred in the E-coats of automotive coatings, such as epoxy-based coatings (OECD 2022). 

357. As reported in UNEP/POPS/POPRC.19/9/Add.2, the OECD (2022) identifies various chemical 
alternatives to the use of PFAS in cable and wiring: epoxy-based coatings, polyurethane, polyester, polyolefin, 
polyvinylchloride, silicone, chlorosulfonated polyethylene, polyethylene, cross-linked polyethylene, 
chlorinated polyethylene, thermoplastic elastomer, neoprene, ethylene-propylene rubber and nylon (see 
also 5.3.7). For many of these alternatives, flame retardants need to be added to the coating. The OECD 
(2022) conducted an assessment of the performance and costs of selected non-fluorinated alternatives to 
PFAS in cable and wiring. Fluoropolymers were concluded to be the choice of material if a high performance 
is required over a wide range of parameters (including fire safety), and alternative materials to be sufficient 
for other applications. Due to the higher cost of fluoropolymers, compared to non-fluorinated alternatives, 
the former are chosen only where performance requirements necessitate their use. According to stakeholder 
consultations conducted in 2020-2021, fluoropolymers have a small percentage of the overall market share 
(i.e., <10%), with alternatives having more than 90% of the market share. 

358. As reported in UNEP/POPS/POPRC.19/9/Add.2, the California DTSC (2022) and the Danish 
Environmental Protection Agency (EPA) (2015) identify a number of potential non-fluorinated alternatives to 
PFAS in treatments for textiles and leather and during the manufacture of textile and leather products (as 
summarized in Table 9 of UNEP/POPS/POPRC.19/INF/8). Wang et al. (2013b) and the draft guidance on 
alternatives to PFOA (UNEP/POPS/COP.10/INF/25) identify fluorinated surface treatment alternatives (e.g., 
products containing C4 side-chain fluorinated polymers, copolymers derived from 6:2 fluorotelomers and 
organosiloxane) to the use of long-chain PFCAs and long-chain PFSAs for the treatment of textiles. 

359. As reported in UNEP/POPS/POPRC.19/9/Add.2, the Danish EPA (2015) provides a detailed 
assessment of the potential human health and environmental hazard properties of the main ingredients of 
the identified non-fluorinated alternative products for textiles and leather. Overall, based on the available 
information, paraffin repellent chemistries appear to be of low toxicity to aquatic and terrestrial organisms, 
but some products using paraffin repellent chemistries were reported to contain additional ingredients which 
may be harmful to human health. In regard to silicone repellent chemistries, the Danish EPA (2015) identifies 
potential hazard to human health or the environment for ingredients present in some products, such as 
certain siloxanes. For products using polyurethane repellent chemistries and dendrimer-based repellent 
chemistries, there was insufficient health and environmental information to assess the alternatives products. 
Similarly, the California DTSC (2022) provides information on the potential hazard characteristics of 
alternatives to PFAS in the treatment of textiles. For some alternatives, the reported potential hazard 
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characteristics relate to the alternative itself (e.g., siloxanes, silicone or titanium dioxide nanoparticles), 
whereas, in other cases, they are dependent on the components of their building blocks or emulsions. This 
further highlights the importance of carefully assessing and selecting safer alternatives. 

360. For the other applications found in the automotive industry, no information on alternatives to the 
use of long-chain PFCAs, their salts and related compounds has been identified for inclusion in the risk 
management evaluation developed for these substances. Alternatives are, however, anticipated to be the 
same as those for PFOA, its salts and related compounds (see UNEP/POPS/POPRC.13/7/Add.2). 

5.4.3.3 Alternative technology 

361. As reported in the risk management evaluation on long-chain PFCAs, their salts and related 
compounds (UNEP/POPS/POPRC.19/9/Add.2) a number of potential non-fluorinated alternatives to PFAS are 
identified in treatments for textiles and leather and during the manufacture of textile and leather products, 
as summarized in Table 9 of UNEP/POPS/POPRC.19/INF/8, like Silicones, Silicon dioxide nanoparticles, 
Polyurethanes, Non-fluorinated acrylic polymers (or acrylates), Paraffin waxes, Derivatives of fatty acids, 
Titanium dioxide nanoparticles. 

5.4.3.4 BAT and BEP 

362. This Chapter covers BAT and BAP relevant to the applications encompassed by the specific exemption 
for replacement parts for motor vehicles that have ceased mass production, other than semiconductors. 
Refer to Chapter 5.4.1.2 for information on BAT and BEP relevant to the use of long-chain PFCAs, their salts 
and related compounds in the semiconductor industry.  

6 Analysis of PFOS, PFOA and long-chain PFCAs, their salts and 

related compounds in wastewater, exhaust air, waste, soil, in 

products, articles and from processes 

6.1 Background 

363. The analysis and monitoring of PFOS, PFOA, and long-chain perfluorocarboxylic acids (LC-PFCAs), 
their salts and related compounds in products, articles, and from processes is considered essential for 
environmental protection, human health, and regulatory compliance. 

364. Analyzing POP-PFAS in products, articles, and processes is essential for identifying both intentional 
and unintentional occurrences of these substances. This data helps ensure compliance with national 
regulations and supply chain-specific banned substance lists, while also informing regulatory authorities and 
supply chain stakeholders about the effectiveness of existing restrictions. 

365. Analysis of effluent streams from manufacturing and processing is necessary to ensure compliance 
with operating permits and to determine if any implemented voluntary measures are met (Liu et al., 2024).  

366. All targeted analyzing methods listed do not capture all PFAS, PFAS precursors, polymeric PFAS or 
transformation products or POP-PFAS. Selection of analytical methods should therefore be aligned with the 
specific process, matrix and regulatory objective, and where relevant should be complemented by broader 
screening approaches (e.g., TOP assay, EOF/TOF, AOF/combustion ion chromatography, suspect/non-target 
screening), while recognizing their respective limitations. Prior to starting any analytical work it is crucial to 
determine the general scope and intended outcome. For example, will this be a study to screen for presence 
of a class of PFAS, to screen for presence of one or more specific PFAS, or to quantify presence of one or 
more specific POP-PFAS.  Selection of analytical methods should therefore be aligned with the specific 
process, matrix and regulatory objective, and where relevant should be complemented by broader screening 
approaches (e.g., TOP assay, EOF/TOF, AOF/combustion ion chromatography, suspect/non-target screening), 
while recognizing their respective limitations. 
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367. A variety of analytical methods are available for specific PFAS substances testing; however, only a 
few of them have been validated for chemical products with complicated matrixes and articles. Analytical 
methods for PFAS substances continue to advance, with several now validated across multiple laboratories 
and formally published. Therefore, content of this chapter might be slightly outdated in the near future.  One 
source that might provide relevant updates from to time could be the Interstate Technology Regulatory 
Council (ITRC), a program of the Environmental Research Institute of the US States (ERIS), affiliated with the 
Environmental Council of US States (ECOS), that published a Technical Guidance on Per-and Polyfluoroalkyl 
Substances (PFAS) (ITRC, 2026). 

368. Analytical standards do not exist for all LC-PFCAs and most PFOA and LC-PFCA related compounds; 
see specific analytes mentioned or referenced in this chapter.  

369. Bioanalytical methods covering a wide range of PFAS with a relevant toxic key event (e.g., thyroid-
hormone competition as described in Sosnowska et al. (2025)), such as PFAS CALUX, are recognized for the 
detection of PFOA-like toxic equivalents for total PFAS (CEN WA, 2018; Behnisch et al., 2021; de Schepper et 
al., 2023). 

370. For further information, the Stockholm Convention has produced a report on options for identifying 
POPs in stockpiles, products, and articles in use, as well as in wastes (UNEP, 2024), and a guidance preparing 
inventories of PFOS, PFOA and PFHxS (UNEP, 2023c).  

 

6.2 Analysis of Products and Articles 

371. Testing of products and articles presents unique challenges due to the sample matrix, differentiating 
them from environmental media testing (see Chapter 6.2 below): 

i. The sample matrix for exempted articles can be a complex composition from diverse materials 
(e.g., metal, fabric, plastics, paper, see Chapters 5.2 – 5.4). 

ii. POPs-PFAS could be included in articles at high or fraction of percent levels to provide a certain 
function and/or could be residues or impurities from the manufacturing process. 

iii. Other chemicals in the matrix can interfere with the analytical processes from sample 
preparation to instrument analysis. Extra techniques are required to reduce matrix effects but 
issues such as co-elution in chromatography, ion suppression in mass spectrometry, or signal 
masking, may still be present. 

iv. Sample preparation can be difficult for consumer products due to the complicated sample matrix 
unlike from environmental media testing (ITRC, 2026, Chapter 1.5.4.1 “Current Testing 
Methods”). 

372. The product or article can be screened for presence of fluorine.  Generally, total fluorine screening 
can be achieved by either Particle-Induced Gamma-ray Emission (PIGE) (Ritter et al., 2017) or other Total 
Organic Fluorine (TOF) methods (Idowu, 2025; Liu et al., 2024), such as Combustion Ion Chromatography 
(CIC) (Shelor et al., 2024). If fluorine is detected, then fluorinated residuals from the specimen should be 
extracted adhering to a published standard operating procedure followed by analysis in a certified laboratory 
using appropriate analytical methods, such as e.g., ISO 21675 Method (ISO 21675; ISO 21675:2019 - Water 
quality — Determination of perfluoroalkyl and polyfluoroalkyl substances (PFAS) in water — Method using 
solid phase extraction and liquid chromatography-tandem mass spectrometry (LC-MS/MS) (Forster et al., 
2023). 

373. ASTM International, a standard organization, has published a standard guide for selecting and 
applying Analytical Methods to Evaluate PFAS in Consumer and Related Products (ASTM, 2025). 

https://www.iso.org/standard/71338.html
https://www.iso.org/standard/71338.html
https://www.iso.org/standard/71338.html
https://pfas-1.itrcweb.org/references/#_ENREF_3145
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374. One way for the value chain to circumvent challenges presented by the absence of analytical 
standards and/or validated analytical techniques is to engage with the supplier of the product or the article 
before placing the order by asking the supplier to provide a written document either stating:  

i. No intentional use of POPs (this can be BAT). Archive the document, confirm compliance with 
local regulations and order the product/article; or 

ii. Intentional use of POPs (this can be BAT), including the substance name(s) and their 
concentration in the product/article supplied, confirming the intentional use is exempt and the 
product/article is in compliance with the local regulation.  Check Stockholm Convention Annex A 
or Annex B exemptions and confirm compliance with local regulations. Archive the 
document.  Either order from this supplier or look for an alternative supplier; this is likely a 
business decision.  

iii. There might be a BEP aspect here as well, in case the suppliers provide additional information on 
implemented emission reduction processes in manufacturing and for providing specific 
instructions to the customer on BEP when using the product/article.  

iv. If the information provided by the prospective supplier is incomplete or no information is 
provided STOP and look for a different supplier (start at STEP 1 again);  

v. Conduct analysis, if regulatory threshold levels of the manufactured products/articles from the 
supplied product/article need to be met or it is desired to confirm information supplier provided 
is correct.  Use recommended standardized, validated analytical methods.  In many cases these 
might not be available, yet, but several are mentioned in this chapter. 

375. Such an approach could alleviate the potential lack of technical understanding among suppliers and 
manufacturers regarding these PFAS, difficulties in controlling and communicating requirements up the 
supply chain, and hesitation among suppliers to disclose proprietary formulation ingredients (i.e. confidential 
information about their products) as had been pointed out by the European Environment Agency (EEA, 2024). 

376. The U.S. Department of Defense released a validated method -DOD AFFF01 (Willey, 2021) specifically 
for analyzing AFFF concentrates for PFOA and PFOS content for compliance with the military specification 
MIL-PRF-24385. 

377. The updated standard EN 17681-1:2025 (EN17681-1:2025; BS EN 17681-1:2025 - TC | 31 May 2025 
| BSI Knowledge) for targeted PFAS analysis in textiles introduced significant changes particularly in the 
extraction method, leading to greater detection of specific PFAS compounds. Specifically, EN 17681-1:2025 
uses alkaline hydrolysis, which breaks covalent bonds in certain side-chain fluorinated polymers, resulting in 
the detection of additional PFAS compounds compared to previous method EN 17681-1:2022. 

378. Recently a certified reference material for 18 PFAS compounds in outdoor textiles (CRM BAM-B003, 
BERICHT) has become available (BAM-B003 (2025)). The 18 PFAS substances include PFOA, LC-PFCAs up to 
C14, PFOS, and one PFOA-related compound. 

379. An overview of different non-standardized, non-validated analytical methods to identify specific 
PFAS in textiles has been compiled by Pervez et al. (2025) (See Table 19). Please note, such methods might 
not be able to identify and to quantify the fluorinated substance that provides the function to the textile.  

380. Residual compounds in fluoropolymers (see Chapter 5.3.4, 5.3.6 – 5.3.8) can be extracted following 
a published standard operating procedure (Chemours, 2026) followed by an analysis in a certified laboratory 
using appropriate analytical methods, such as e.g., ISO 21675:2019 - Water quality — Determination of 
perfluoroalkyl and polyfluoroalkyl substances (PFAS) in water — Method using solid phase extraction and 
liquid chromatography-tandem mass spectrometry (LC-MS/MS):2019). 

381. A systematic workflow for potential compliance testing of articles promotes screening methods with 
supply chain communication before target analyses of limited PFAS numbers (Idowu et al., 2025; and 

https://knowledge.bsigroup.com/products/textiles-and-textile-products-per-and-polyfluoroalkyl-substances-pfas-analysis-of-an-alkaline-extract-using-liquid-chromatography-and-tandem-mass-spectrometry
https://knowledge.bsigroup.com/products/textiles-and-textile-products-per-and-polyfluoroalkyl-substances-pfas-analysis-of-an-alkaline-extract-using-liquid-chromatography-and-tandem-mass-spectrometry
https://webshop.bam.de/media/wysiwyg/Kategorien/Referenzmaterialien/Verbraucherprodukte/Berichte/Report_BAM-B003.pdf
https://www.iso.org/standard/71338.html
https://www.iso.org/standard/71338.html
https://www.iso.org/standard/71338.html
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Vestergren et al., 2024). However, most methods described in this article might still be in the research phase 
and lack validated or standard methods. 

 

Table 19. Compilation of various analytical techniques and their limits of quantification (LOQ) for 
identifying PFAS in textiles (Pervez et al., 2025) 
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6.3 Analysis from processes 

382. Three multi-laboratory-validated methods—USEPA Methods 537 (Version 1.1), 537.1, and 533—are 
available for analyzing PFAS in drinking water samples (USEPA, 2008, 2020, 2019). In addition, two validated 
methods exist for non-drinking water matrices. USEPA Method 1633A (USEPA, 2024) covers a wide range of 
environmental and waste matrices, including groundwater, surface water, wastewater, soil, sediment, 
biosolids, tissue, and landfill leachate. USEPA SW-846 Method 8327 provides an approach for measuring PFAS 
in groundwater, surface water, and wastewater. In addition, USEPA has published OTM 45 (USEPA, 2021) 
and OTM 50 (USEPA, 2024) for measuring PFAS in air emissions from stationary sources, along with a draft 
version of OTM 50 focused on volatile nonpolar fluorinated compounds measured by GC-MS: 

i. USEPA Method 537, Version 1.1 tests for 14 PFAS analytes;  

ii. USEPA Method 537.1 tests for 18 PFAS analytes (including 4 PFAS not included in USEPA Method 
533);  

iii. USEPA Method 533 tests for 25 PFAS analytes (including 11 not included in USEPA Method 
537.1);  

iv. USEPA SW-846 Method 8327 tests for 24 PFAS analytes (does not include all PFAS included in 
USEPA Method 537.1 or 533);  

v. USEPA Method 1633A tests 40 PFAS analytes (includes all PFAS included in USEPA Method 
537.1, 533, and 8327 and 11 additional PFAS analytes);  

vi. USEPA Other Test Method (OTM) 45 tests for 50 specific semi volatile and nonvolatile polar 
PFAS;  

vii. Draft USEPA OTM 50 tests for 30 specific volatile nonpolar fluorinated compounds.  

Further analysing methods:  

viii. EN 17892 Method Water quality - Determination of selected per- and polyfluoroalkyl 
substances in drinking water - Method using liquid chromatography/tandem-mass 
spectrometry (LC-MS/MS), 20 PFAS listed for surveillance under the EU Drinking Water Directive 
(EU 2020/2184), can be adapted and validated for other water matrices (groundwater, surface 
water, treated wastewater) on a case-by-case basis. 

ix. ISO 21675 Method (ISO 21675:2019 - Water quality — Determination of perfluoroalkyl and 
polyfluoroalkyl substances (PFAS) in water — Method using solid phase extraction and liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) (Forster et al., 2023) 

x. ISO 18127:2026 Method AOF (adsorbable organically bound Fluorine) in water. Widely used for 
PFAS pre-screening using Combustion Ion Chromatography 

xi. VDI-EE 3499 Blatt 5 Method exhaust air, Emission measurements; Measurement of semi-
volatile polar PFAS in exhaust gas and exhaust air from stationary plants (draft to be published 
in February 2027, currently only in German) 

xii. HJ1334-2023 Soil and sediment—Determination of perfluorooctanesulfonic acid and 
perfluorooctanoic acid—Liquid chromatography-triple quadrupole mass spectrometry (MEE of 
China, 2023); 

xiii. T/CAEPI 98 2024 Solid Waste — Determination of Perfluorooctanesulfonic Acid, 
Perfluorooctanoic Acid, Perfluorohexanesulphonic Acid and Their Salts — Liquid 
Chromatography-Triple Quadrupole Mass Spectrometry (CAEPI, 2024); 

xiv. HJ1333-2023 Water quality—Determination of perfluorooctanesulfonic acid, perfluorooctanoic 
acid and their salts—Isotope dilution liquid chromatography-triple quadrupole mass 
spectrometry (MEE of China, 2023); 

https://www.iso.org/standard/71338.html
https://www.iso.org/standard/71338.html
https://www.iso.org/standard/71338.html
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xv. DB32/T 4004-2021 Water quality – Determination of 17 Perfluoroalkyl Acids – High performance 
liquid chromatography-tandem mass spectrometry (Jiangsu 2021)  
 

383. Additional PFAS analytical methods have been developed by various organizations. Summaries of 
these methods can be found in (ITRC Data Tables PFAS, 2026) Data Tables – PFAS — Per- and Polyfluoroalkyl 
Substances and in UNEP/CHW/OEWG.15/INF/7. 

384. In a globalized world economy, we can benefit from global experience when permitting and 
supervising new production lines that manufacture or use POP-PFAS. It is recommended to make use of this 
experience when approving new production lines in which POP-PFAS are manufactured or used, and to 
establish contact with other regulatory authorities worldwide in order to benefit from each other through 
the exchange of experiences. 

385. In addition, information can be obtained from independent and applied research organizations and 
institutes that focus on the analysis, research, substitution and reduction techniques for POP-PFAS. The 
following alphabetical list is certainly incomplete, but can serve as a starting point for obtaining further 
information: AIST (National Institute of Advanced Industrial Science and Technology), Battelle (U.S.), crcCARE 
(Australia), ETH Zurich (Switzerland), KIT (Germany), Fraunhofer Society (Germany), Green Science Policy 
Institute (U.S./Global) , Institute of Science Tokyo (Science Tokyo), PARC (EU), PFAS Center (Denmark), RCEES 
(Research Center for Eco-Environmental Sciences, China), RISE (Sweden), The Norman Network (EU), 
University of Waterloo & Western University (ICFAR, Canada), VITO (Belgium). 

 

https://pfas-1.itrcweb.org/external-data-tables/
https://pfas-1.itrcweb.org/external-data-tables/
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