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Waste hierarchy

https://zeropm.eu/
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What are PFAS?

• Buck et al. (2011) first definition

• OECD (2021): broader definition
• “…the fluorinated substances that contain at least one fully fluorinated methyl or methylene carbon atom…” 

i.e. substances are PFAS that have at least one -CF2- or -CF3 moiety in their structure
• used as regulatory definition in the EU universal restriction proposal, but if PFAS are mineralizable then they 

are exempted 

• US EPA (2023) definition less broad; two connected fluorinated carbons

• Many thousands of structurally diverse PFAS in use in society
− polymers & non-polymers; neutral, anionic, cationic & zwitterionic; solids, liquids & gases; reactive & inert; 

soluble & insoluble; volatile & involatile; mobile & immobile; bioaccumulative & non-bioaccumulative; 
highly toxic and relatively non-toxic
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Volatile neutral PFAS

 Perfluoroalkanes (PFCs), perfluoroethers and perfluoroalkylamines

 Certain hydrofluoro-carbons (HFCs), -ethers (HFEs) and -olefins (HFOs)

CAS No. 355-04-4 CAS No. 335-27-3
CAS No. 338-83-0

CAS No. 1547-26-8
CAS No. 15290-77-4 CAS No. 297730-93-9

CAS No. 358-21-4
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Involatile anionic PFAS
• Per- and polyfluoroalkyl acids  (PFAAs)         Per- and polyfluoroalkylether acids

CAS No. 336-08-3CAS No. 375-22-4

CAS No. 375-73-5 CAS No. 68555-66-8

CAS No. 52299-24-8

CAS No. 52299-25-9

CAS No. 958445-44-8 CAS No. 908020-52-0

CAS No. 1190931-41-9

CAS No. 73606-19-6

5/46



Fluorinated polymers

• Fluoropolymers (e.g. PTFE) (F in the 
backbone)

• high molecular weight, stable, inert, 
insoluble, involatile, immobile, do not cross 
biological membranes, low leachables

• Side-chain fluorinated polymers (as 
used in textiles, carpets, food 
packaging)

• non-fluorinated co-polymer backbone with 
fluorinated side chains

• leachable PFAS, stable?
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Polyvinylidene fluoride Polytetrafluoroethylene



And many more: pesticides
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And many more: pharmaceuticals
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Attempt to make comprehensive overview by OECD
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So how many PFAS are there? It 
depends on how you count…

• >7 million on PubChem database

• many only listed in patents

• 4830 OECD 2018 list

• ca. 14 000 in US EPA CompTox list

• > 10 000 in the EU PFAS Restriction Proposal

• 1 670 with identified uses

• 531 are REACH registered (>1 tonne/a)

10/46



Production volumes of PFAS

• Industry wants most to protect uses of 
fluoropolymers and fluorinated gases 

• Definition of PFAS changes to exclude them 
from PFAS definition in some US States 11/46
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Uses of PFAS 
(based on information in Substances in Preparations 
In Nordic countries (SPIN) database)

12

More than 200 uses 
identified for more 
than 1400 PFAS

Fluorinated polymers 
dominate uses



Madrid Statement

• Published in 2015

• Signed by 250 scientists from 38 countries

• Production and use of PFAS should be limited

• But are all PFAS problematic? 

− they have diverse properties, right?

13/46



Regulating all PFAS?

• Authorities of Denmark, Germany, Netherlands, Norway and Sweden 
published a REACH restriction proposal for all PFAS meeting the OECD 
definition

• Published in January 2023 and was under public consultation until 25 September 
2023

• Broad restriction based on known high persistence of all PFAS and unknown 
bioaccumulation potential and toxicity of most PFAS

• 5700 comments (mostly from industry) being processed

• Separate parallel restriction proposal on PFAS in firefighting foams

• Nearly finalized

• 10 year phase out of PFAS in firefighting foams

• California: ban PFAS in all consumer products
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Are all PFAS of concern?

• All PFAS are very persistent (vP) (EU REACH)

• they are either non-degradable or transform into stable terminal 
transformation products

• they are all extremely P with no environmental degradation observed, due 
to C-F bonds

• Continual release of high P chemicals results in increasing levels 
and increasing probabilities of known and unknown effects. 
Exposure poorly reversible

• They are synthetic (few natural sources), thus “novel entities”
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Problems with high persistence
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TFA the “poster child” for the problem with 
high persistence

TFA concentrations 
in different media 
before 2010 (in 
green) and after 
2010 (in red). 

TFA – trifluoroacetic acid
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Sources of TFA?
• Many “precursors”

• refrigerants, pesticides, pharmaceuticals and other industrial chemicals 
• HFO-1234-yf, used as refrigerant, is a notable precursor
• emissions of HFO-1234-yf projected to increase by factor of 7 between 2020 and 2050

• Destructive treatments of PFAS can also be a source of TFA (e.g. oxidation, 
incineration, electrolysis). 

• Emissions hotspots include AFFF-contaminated sites, landfills and fluorochemical 
production facilities. 
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Are fluoropolymers a problem?

• Fluoropolymers (e.g. PTFE) 
• high molecular weight, stable, inert, insoluble, involatile, 

immobile, do not cross biological membranes, low 
leachables

• Emissions during lifecycle
• emissions of known and unknown PFAS during 

manufacturing 

• emissions of low molecular weight PFAS during 
incineration? 
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PFAS being regulated in Europe
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Drivers to phase out PFAS and 
find alternatives
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Essentiality

• Impractical to ban all uses of all PFAS in one step

• Can “essentiality” guide substitution?

• Montreal Protocol on Substances that Deplete the Ozone Layer

• Introduced concept of essential use
• Adapt the Montreal Protocol’s criteria for essentiality
• “necessary for health and safety or critical to the functioning of society”
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Defining essentiality

*This essentiality should not be considered permanent; rather, a constant pressure is needed to search for 
alternatives in order to move these uses into Category 2 above. 

Applied the 
concept to multiple 
cases studies for 
use cases of PFAS

  
 

  

   

1 

“Non-essential” 

Uses that are not essential for health and safety, 

and the functioning of society. The use of 

substances is driven primarily by market 

opportunity. 

   

  

   

   

2 

“Substitutable” 

Uses that have come to be regarded as 

essential by society because they perform 

important functions, but where alternatives to 

the substances have now been developed that 

have equivalent functionality and adequate 

performance, which makes those uses of the 

substances no longer essential.  

    

 

  

   

3 

“Essential” 

Uses considered essential by society because 

they are necessary for health or safety or other 

highly important purposes and for which 

alternatives are not yet established.* 

  

 

 

  

 

Category Definition
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It’s all about function

• What is the function of the chemical of concern?

• Different aspects of function (“functional substitution”)
• Chemical function, end-use function and service function (from “functional substitution”)

• Function of PFAS in aqueous-film forming foams (AFFF)
• chemical function = powerful surfactant, inert (persistent!)
• end-use function = to facilitate the spreading of an aqueous film that rapidly spreads over 

the fuel and flames
• service function = to rapidly extinguish a fuel fire  
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Opportunities for substitution

25/46



Aspects to consider
• Aspect 1: Is the functional use necessary for its performance in the 

application?
• Aspect 2: Is the use necessary for health and safety and critical for the 

functioning of society?
• Aspect 3: Are there no available alternatives for this particular use that are 

acceptable from the viewpoint of health safety, etc.?

• If all aspects true then essential use
• If one false then non-essential use
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Combining functional substitution and the 
essential-use concept
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Currently Unavoidable Uses (CUUs)

• Maine and Minnesota set March 1 2024 for comments and submissions 
related to identification of currently unavoidable uses (CUUs) of PFAS in 
products.

• Maine’s PFAS in Products law, 38 M.R.S. § 1614
• PFAS in Products law, Minn. Stat. § 116.943

• Ultimately, the goal of the CUU process will be securing 
exemption from upcoming restrictions on products which 
contain PFAS.

• Public participation in these processes
• Maine and Minnesota are cooperating in the proceses
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Three example case studies 
for uses of PFAS
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Ski waxes
• Fluorinated waxes are favored by competitive skiers 
• Waxes contain fluorinated alkanes, but also perfluoroalkyl carboxylates, including PFOA
• Don’t need to ski e.g. 5% faster. Alternatives “fit for purpose”

FIS ban on fluorinated ski waxes in place 
since 2020/21 season

Delay due to lack of testing methods

Skis tested for F-content in less than one 
minute using FT-IR spectroscopy
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AFFFs (aqueous film-forming foams)

• Extinguishing class B fuel fires
• Fluorine-free class B foams (3F) available since 

early 2000s
• meet the standard firefighting performance 

certifications
• use different end-use function than AFFFs
• many commercial airports have phased out AFFFs and 

use 3F

• Still some debate if 3F suitable for certain 
scenarios

• Are they “fit for purpose”?
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Repellency in textiles

Alternatives for 
durable water 
repellency (DWR) 
in everyday 
outdoor clothing 
and leisure wear

Repellency to a wide range 
of polarities needed in 
some cases

But do we need stain-
proof ties?

Firefighter turnout gear
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PFAS still used in high 
performance outdoor clothing



Challenges for applying essentiality

• Substitutable uses
• avoid regrettable substitutions: alternatives assessment

• How to decide when uses are “essential” or “non-
essential”?

• in many use cases there are alternatives
• but when there are no alternatives who decides what is 

necessary for health and safety and critical for the 
functioning of society? 

• role of multiple stakeholders, social science?
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PFAS alternatives database

• Database divided per use 
category of PFAS

• For each use category:

• List of applications of PFAS along 
with the chemical function, end 
use function and service function

• List of PFAS substances identified 
as being used for each 
application

• List of identified potential 
alternatives to PFAS for each 
application
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Important sources of information
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Uses and functions of PFAS

• 18 use categories of 
PFAS included in the 
database

• Waterproofing agent, 
heat stabilizer and 
corrosion inhibitor are 
the most common 
technical functions

• Mainly for enhancing 
durability
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Number of functions provided by PFAS
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• Alternative identifiers: name and CAS number (if relevant)

• Alternative type: substance; material; product; process; technology

• General chemistry: Organic synthetic; silicone-based; natural-based; 
inorganic

• PBT assessment and CLP classification (if available)

• Flagged: whether an alternative is listed in the Substitution Support Portal 
(https://www.subsportplus.eu/subsportplus/EN/Substances/Database-of-
restricted-and-priority-substances/restricted-priority-substances_node.html)

• Change in functionality and market uptake: Based on information available 
in the PFAS restriction

Information on alternatives
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Number and types of alternatives to PFAS

• Database includes 532 
different potential 
alternatives across 14 use 
categories

• Left out active 
pharmaceutical 
ingredients, cosmetic 
products, plant protection 
products and biocides

• No alternative found for 
83 applications (mainly 
for industrial production)
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Alternative chemistries
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Safety of alternatives to PFAS

• Evaluation based on the 
Substitution Support Portal 
(https://www.subsportplus.eu/su
bsportplus/EN/Home/Home_no
de.html) 

• Possible only for alternatives 
identified by a CAS number (i.e. 
36%)
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Are the alternatives suitable and available?

• Overall, no suitable 
alternatives available 
for ~25% of PFAS 
applications
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Biggest challenges to universal phase-out

• F-gases
• Industrial uses of fluoropolymers
• Green energy transition
• Medical applications
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Conclusions/observations
• It’s encouraging that so many alternatives to uses of PFAS 

already available and transitions have occurred or are happening
• Hard work for product manufacturers and retailers

• Challenges remain but shift happens!
• Unique properties of PFAS offering multiple functions
• Some applications with no available alternatives currently available
• Ensuring no regrettable substitutions (alternatives assessment)
• Resistance from some industries 

• Green energy transition being used as a “free pass” for 
derogations

• Strong PFAS regulation, and other drivers, encourage innovation
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For more information

Access to the alternatives 
database

Email: 
romain.figuiere@aces.su.se
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