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OECD (2021 version) definition of PFAS: ‘‘PFASs (per- and polyfluoroalkyl substances) are 
defined as fluorinated substances that contain at least a perfluorinated methyl group (–CF3) or 
a perfluorinated methylene group (–CF2–) (without any H/Cl/Br/I atom attached to it).

Organisation for Economic Co-operation & Development (OECD)  https://www.oecd.org/fr/

Dalmjin et al. Environ. Sci.: Proc. Impacts, 2024, 26, 269

Per- and Polyfluoroalkyl Substances (PFASs)

> 14,000 PFAS

R-22

R-113

https://www.oecd.org/fr/


Fast Increase of Number of Articles & Citations

Z. Yin, Water, 2025, 17, 6 



Mueller, Conventions and Physical and Chemical Properties of PFAS, 
Interstate Technology Regulatory Council, April 2020

Classification of PFAS and its families

Anthropogenic

(man-made PFAS)

Non-polymers

(i.e., short molecules)

Oligomers and large 

macromolecules 

(i.e., polymers)

Fluoropolymers 

(F-atom in backbone) 

i.e., C-F bond.

Perfluoropolyether’s

(F-atom and O-atom in 

backbone) 

eg,.CF2O or CF2CF2O, etc.

Side-chain

fluorinated polymers

-long” RF in side-chain.

Substances with

polyfluoroalkyl segments

Substances with

perfluoroalkyl segments

Non-functional:

HydroFluoroCarbon

(HFC)

Functionalized:

HydroFluoroOlefin

(HFO)

Functionalized:

➢ PF-alkyl acids & derivatives

➢ PF-ketones

➢ PF-olefins

➢ PF-alkyl iodides & 

derivatives (“Telomers” 

derivatives)

Non-functional:

➢ PerFluoroCarbons (PFC)

➢ HydroFluoroEthers

➢ Halogenated PFC

➢ Aromatics & Heterocycles

Macromolecules 2025, 58, 2781−2791



Nonstick cookware,
Grease-resistant and waterproof coatings on food packaging (e.g., popcorn bags, takeout 
containers, and fast food wrappers),
Surfactants for Emulsion Polymerization 
Coated paper products,
Waterproof, water-resistant, and stain-resistant textiles (e.g., clothing, shoes, upholstery, and 
carpets)
Cosmetics and personal care products,
Industrial and household cleaning products,
Floor, car, boat and ski waxes,
Engineered coatings used in semiconductor production,
Metal plating and finishing,
Etching of metals, plastics, and glass,
Additives for plastics, resins, and rubber products,
Surface coating, paint, varnish, and inks,
Aqueous Film-Forming Foam (AFFF) used to extinguish flammable liquid fires
F-Materials

From Department of Energy and Environmental Protection

https://portal.ct.gov/DEEP/Remediation--Site-Clean-Up/Contaminants-of-Emerging-Concern/Per--Polyfluoroalkyl-Substances

Applications of PFASs

C8F17SO3H (PFOS)     C7F15CO2H  (PFOA)

Perfluoroalkyl
Substances
Synthesis, Applications, 
Challenges and Regulations

Bruno Améduri

https://portal.ct.gov/DEEP


Low-Molar Mass  PFASs (Examples of F-Surfactants)

https://portal.ct.gov/DEEP/Remediation--Site-Clean-Up/Contaminants-of-Emerging-Concern/Per-Polyfluoroalkyl-Substances

Water Soluble
Mobile
Persistent
Bioaccumulative
Toxic
Cross the Membrane

PFOA

PFOS

« Forever Chemicals »
MAIN ISSUES
RESTRICTION





[PFOA]= 1.12 ng/ml
[PFOS]= 2.49 ng/ml



Mancini et al., Int. J. Cancer: 146, 917–928 (2020)



Y. Guo et al., Chapter 5, in B. Ameduri  PFAS: Regulations, Synthesis and Applications, RSC, 2022

Hydrophobic

Hydrophilic

Regrettable Substitutes
J. AWWA 2018, 110, 13-28



KPS, initiator

Monomer
Droplet

VDF Gas
Phase

VDF 
in water

Surfactant
micelle

Radical Polymerization in Aqueous System

(b.p. -84 °C)

Chem. Comm. 2018



THE POLYMER PYRAMID

PAI = TORLON® polyamide-imide
PK = KADEL® polyketone
PPSU = RADEL® R polyphenylsulfone
LCP = XYDAR® Liquid Crystal Polymer
PES = RADEL® A polyethersulfone
PSU = UDEL® polysulfone
PPS = PRIMEF® polyphenylene sulfide
PPA = AMODEL® polyphthalamide
PA MXD6 = IXEF® polyarylamide

PTFE           FKM



 

Lubricity, Release

Li Ion Batteries & Proton Exchange Membranes

Optical Fibers & Coatings

Protection of Textiles, Leather, Paper, 
Wood, Glass, Concrete, Stone, Metal

Protective Coatings

Gas Separation and Water Purification 

Wire and Cable Industries

Low refractive index

Low surface energy

High oil, water & soil repellency

High chemical, thermal, oxidative stability

Robustness, Inertness & Stability

Electrochemical Stability

Insulation

B. Ameduri, S. Fomin, 2020, Fascinating Fluoropolymers: Vol 2 (Applications), Elsevier

Properties and Advantages of Fluoropolymers

Sensors, Haptics, Actuators, Transducers, etc..Electroactive



Where Can You Find PFAS in Automotives?

Fluoropolymer Market US$ 10 billion in 2023. Expected:  US$ 18 billion by 2033

https://www.futuremarketinsights.com/reports/fluoropolymers-market

Requirements: 
- Security
- Chemical and thermal Resistances
- Low Friction Properties

- Searched Values
- Reliability, efficency, safety of Vehicles

A.L. Moore, Fluoroelastomers Handbook, Elsevier, 2006



PVDF Applications in the Biomedical Area

Concha et al., J Mater Sci (2024) 59:14185–14204



Encyclopedia of Toxicology, 2014, 3, 1133-1137



PLC expected to Pose an Insignificant risk to Human Health & the Environment

Fluoropolymers are:
• Non-toxic 
• Non-bioaccumulative
• Non-mobile
• Insoluble in Water
• Stable – Thermally, Chemically & Biologically 
• Durable
• Not a Substance of Very High Concern (SVHC) 

13  « Polymer of Low Concern » Criteria

B. Henry et al., Integr. Environ. Assessm. Management, 2018, 14, 316–334



B. Henry et al., Integr. Environ. Assess. Manag., 2018, 14, 316–334   

4 Major FPs:

Two Main Reviews on PLC

10 Companies= FluoropolymerGroup (FPG)

Integr. Environ. Assess. Manag. 2023, 19, 326-54

96% of FPs Fulfill the 13 PLC Criteria



To Make the Adjustments by Seeking New Innovations

3 actions Taken by FP Manufacturers:
- Use of Non F-Polymerization Aids (Surfactants)
- Abattement of Technologies Reducing PFAS Emissions
- Anouncement of such Innovations by Companies

US8697822B2 Durali, Hedhli, Amin-Sanayei, 

Polymerization of fluoropolymers using non-fluorinated surfactants

Sales, BA et al. Intern. Chem. Regul. Law Rev., 2023, 6, 29

H2O

https://patents.google.com/?inventor=Lotfi+Hedhli
https://patents.google.com/?inventor=Ramin+Amin-Sanayei


The Manufacturing

Programme includes a

concrete commitment to

minimize emissions of

non-polymeric PFAS

residues from

polymerization aids to the

environment from

fluoropolymer

manufacturing by the

following FPG member

companies: AGC, Arkema,

Chemours, Daikin Chemical

Europe, W. L. Gore &

Associates and Solvay

(Syensqo)

FPG Manufacturing Programme

An industry-led 

commitment to achieve 

Average Emissions 

Factors for non-polymeric

PFAS residues from 

polymerization aid 

technology that is used in 

the fluoropolymer

manufacturing process

➢ By end 2024: 0.009% to 

air; 0.001% to water

➢ By end 2030: 0.003% to 

air; 0.0006% to water

A platform to promote 

the adoption of 

commercially 

available state-of-the-

art technologies to 

minimise non-

polymeric PFAS 

emissions in our 

manufacturing 

A commitment to 

inform downstream 

users of 

fluoropolymers on 

their safe handling 

and use in the Guide 

for the Safe 

Handling of 

Fluoropolymer 

Resins. 

The Manufacturing Programme is anchored in three Pillars       

and its Implementation Began Early January 2024

N. Robin, Fluorine Forum, Mandelieu, Oct. 2023



AI: 35,246 individual documents were identified and included in the data pool

Potential Alternatives

C. Lang-Koetz & U. Hutschek, www. Thinktank PFAS-indus strategies (2024)

Required Utility dimensions, 16 Materials Emerged.

2 identified materials have the potential to partially 
substitute PFAS according to current Standards.   
…and No adequate replacement could be found.

Application, Technical functions & 
Substitution Possibility in Industry 
(Carl Zeiss, Novaliq, Mercedes-Benz, Richard 
Wolf GmbH, key-actors in medical 
technology, semiconductor manufacturing 
technology, automotive and pharmaceutical
industries)



Conclusion: Although efforts made to map all uses of PFAS, work is still needed to provide an overview of their potential
alternatives. For 83 applications, no alternatives could be identified….. the focus of further research activities.

Alternatives for Substances (162)
Materials (163)
Products (128)
Processes (37)
Technologies (40)

Database



www.MarketPlace. ChemSec.org 



Looking for Binder Alternatives



https://www.clariant.com/en/Business-Units/Additives-and-Adsorbents/Waxes/PTFE-Free-Solutions

But, What about Thermal, Chemical and Aging stabilities ??



However, the performances  quite low compared to  
PVDF and VDF Copolymers



- Still Surfactants Present all Over the Earth (From Decades of Productions & from A3F - Fires)
- F-Polymers: Niche Specialty Polymers with Exceptional Properties
- Fullfils the 13 PLC Criteria
- Innovating Processes of Production & Modification of Gas and Effluent Emissions
- So far, Few or No Alternatives 

CONCLUSION

Searching Secure, Reliable Materials
Programmed Obsolescence  ? 

Educate around You !!!
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Led to > 5.600 Answers …  100,000 pages  !!

Educate Around You  !

Restriction Dossier under Public Consultation on ECHA Portal Ended Sept. 25th, 2023 

PERSPECTIVES
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How to Reduce Organic Fluorine in our Bodies?

▪ Blood & Plasma donation

Gasiorowski et al., JAMA Network Open. 2022;5(4):e226257
https://www.abc.net.au/news/2022-04-11/firefighter-blood-donation-study-toxic-chemical-pfas/100982330


