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There has been significant media coverage of PFAS 
contamination in the US

ENDS Report 4

• The Dark Waters movie renewed the PFAS 
concern across the US, as well as globally

• In January, firefighting equipment firm, 
Tyco, agreed to a class action settlement of 
$17.5m for the people living near a 
firefighting training facility

• In the Biden Plan, there is a commitment to 
improving water quality by setting 
enforceable limits with the Safe Drinking 
Water Act and accelerating toxicity studies



As a result, the US has taken a number of actions 
towards management of PFAS

EPA: Environment Protection Agency 5

The US EPA uses a combination of voluntary and regulatory approaches to address the PFAS 
concern     

Stewardship

The Significant New Use Rule imposes notification and reporting requirements on 
manufacturers of a variety of PFAS

The EPA’s PFAS Action Plan outlines short-term solutions and long-term strategies to address 
PFAS. It outlines the tools the EPA is developing to address PFAS in drinking water, clean up 
PFAS contamination, expand monitoring and increase research

The PFOA stewardship program worked towards elimination of long chain PFCAs, and gained 
commitment from 8 major manufacturers to phase-out PFOA by 2015   

Action Plan

SNUR

Combination



The Sydney Morning Herald. NSW: New South Wales 6

There has also been media coverage in Australia as 
they move to phase out PFAS in firefighting foams

• The NSW government is moving to 
outlaw foams featuring PFAS
chemicals

• It looks like other states will follow the 
same trend due to extensive media 
coverage

• Bringing the state in line with 
Queensland and South Australia 
where they have already banned 
certain PFAS containing foams



Australia has taken numerous actions against PFAS

7AICIS: Australian Industrial Chemicals Introduction Scheme. OECD: Risk Reduction Approaches for PFAS

Australia under AICIS uses a combination of voluntary, regulatory and policy approaches with 
a focus on importation and use, rather than manufacture

Guidelines

Transitioning away from fluorinated fire-fighting foam to non-fluorinated firefighting foam 
including the destruction of remaining stockpiles.

There has been a Publication of National PFAS Position Statement, with voluntary industry 
consultations to try and increase awareness and encourage phase-outs of long-chain and 
short-chain PFAS

For pre-market entry applications there are additional data requirements for new PFAS. This 
regulatory stance assesses the risk that new PFAS pose, prior to their introduction

Action Plan

Foam

Combination



CELA: Canadian Environmental Law Association. MAC: Maximum Acceptable Concentrations 8

Environmental Performance Agreement reached to encourage action from industry to 
significantly reduce residuals from perfluorinated products sold in Canada. This is a signed 
agreement that requires annual reporting of progress

Guidelines

Introduction of regulations through ‘Prohibition of certain Toxic Substances Regulations’. A 
multi-substance risk management instrument to prohibit the toxic substances and products 
containing PFOA and PFOS, with few exemptions

In 2006 CELA implemented an “Action Plan for the Assessment and Management of 
Perfluorinated Carboxylic Acids and their Precursors” – comprehensive plan to eliminate such 
substances

In December 2018, drinking water quality guidelines updated for PFOS and PFOA.  The path 
they have taken is to have MAC concentrations of PFOS and PFOA

Action Plan

Regulation

Voluntary

Canada uses regulatory and voluntary approaches for
various long-chain PFAS



OECD: Risk Reduction Approaches for PFAS 9

Similarities in approach

Blended approaches
• Countries have taken a mix of regulatory and voluntary approaches

Collaborative efforts
• Collaboration among governments and organisations has helped to exchange information on risk 

reduction strategies that can help prioritise or inform action by others

Risk reduction paths
• Despite PFAS not being manufactured in certain countries like Australia and Canada, there is still a 

concerted effort to restrict or at least minimise the use, importation and export

Tackling toxic firefighting foams
• Numerous countries such as the USA, Australia, certain Member States of the EU are transitioning 

from operational fluorinated fire-fighting foam to fluorine-free foam 

There are a number of similarities between global 
approaches to PFAS management



Overview of proposed EU 
approach

Presented by: Mike Holland (EMRC)
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My role

• Consultant, part of a team working on 2 contracts regarding the 
‘Universal PFAS’ restriction

• F-gases (use phase)

• Food contact materials and generic packaging (use phase)

• Socio-economic analysis

• Analysis of alternatives

• Decisions on what is in the restriction, exemptions, time scales, etc. 
to be made by the Competent Authorities

Text in footer 11



Basic details of the Restriction

• ‘Universal PFAS Restriction’

• Competent Authorities in 5 countries are leading the 
work: 

• DE, DK, NE, SE and Norway

• PFAS are defined in this process as substances that 
contain at least one aliphatic -CF2- or -CF3 element

• 4,700+ substances

• More comprehensive approach than many were expecting

• But still excludes some substances (e.g. vinyl fluoride)

• Covers a large number of activities

Text in footer 12



Process
Call for Evidence (2020)

⇓
Competent Authorities commission series of studies (August to November 2020)

⇓
Further consultation to clarify issues from the call for evidence (October 2020-March 2021)

⇓
Studies completed (February to May 2021)

⇓
Decisions reached by responsible Authorities

⇓
Restriction proposal submitted to ECHA

⇓
Appraisal by RAC and SEAC

⇓
Recommendations submitted to European Commission

Text in footer 13



Focus on persistence as a key driver for the 
restriction
• Action has already been taken regarding:

• Toxicity, where it is known (various restrictions)

• Ozone depletion (Montreal protocol)

• Climate (F-gas regulation)

• But not on persistence

• Alternative positions:

• Is persistence on its own sufficient for action?

• Costs to society of not using PFAS

• Across 4,700+ substances, when some PFAS have been found to cause harm, is it appropriate to wait for 
evidence of harm?

• Costs of impacts incurred + 

• Clean up costs if clean up is possible +

• Increased costs for industry to change to alternatives as PFAS use expands

• Other factors including toxicity are considered to the extent possible (e.g. to avoid regrettable 
substitution)
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Studies commissioned for the Restriction
• Production of PFAS including polymers

• Applications

• Textiles, leather

• Food contact material, packaging

• Consumer mixtures

• Lubricants and construction products

• Cosmetics

• Chrome plating

• Ski treatments

• Transportation

• Extractive industries

• Medical devices

• F-gases

• Electronics and energy

• Possibly others

• Waste management

Text in footer 15



Studies commissioned for the Restriction
• Production of PFAS including polymers

• Applications

• Textiles, leather

• Food contact material, packaging

• Consumer mixtures

• Lubricants and construction products

• Cosmetics

• Chrome plating

• Ski treatments

• Transportation

• Extractive industries

• Medical devices

• F-gases

• Electronics and energy

• Possibly others

• Waste management

• Complexity varies

• Ski waxes, vs.

• F-gases

• HVACR

• Heating

• Air conditioning

• Refrigeration

• Domestic

• Commercial

• Industrial

• Transport

• Foam blowing

• …

• Fire suppressants

• …

• Propellants

• Solvents

• Niche applications

• Many
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Are there alternatives?

• According to several stakeholders:

• “There are no alternatives”

• Review of the market shows that there normally are

• But what are the limitations of alternatives?

• Some are not disputed:

• Hydrocarbons in domestic refrigeration 

• Some are disputed:

• Hydrocarbons in domestic air conditioning systems 
replacing F-gases

• CO2 in mobile air conditioning

Text in footer 17



Legislative overlaps?

• F-gas regulation

• Earlier legislation addressed ozone depletion

• F-gas regulation addresses climate impacts

• Neither address persistence

• Building regulations

• Insulation standards

• Flammability

• Circular economy

• Recyclability of materials

• …
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Assessing proportionality

• Valuation of persistence

• Dutch study (Oosterhuis 2017) established indicators to show when, based 
on previous legislation, regulators have considered the costs of measures to 
be acceptable and when they have not.
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Summary

• Proposal under development by 5 EU Member States

• Very broad scope at the outset

• Analysis, disaggregated by sector, undertaken of:

• Size of market

• Emissions

• Availability and performance of alternatives

• Proportionality

• Decisions to be taken later this year by the 5 Member States on how to proceed

Text in footer 20



Consideration of possible 
grouping approaches and 
essential uses

Presented by: Ian Cousins (Department of Environmental Science, 
Stockholm University)
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Consideration of possible 
grouping approaches and 

essential uses

Ian T. Cousins

Department of Environmental Science, 

Stockholm University, Sweden

UK Environment Agency, 28th April 2021



Strategies for Grouping PFAS

• Motivation: 

– Grouping strategies are needed for PFAS because it 

would be time and resource intensive to test and regulate 

the thousands of PFAS on the global market on a 

chemical-by-chemical basis. 

• Two main categories of grouping strategies (for 

protecting human and environmental health):

1. those based on the intrinsic properties (e.g. P, B, M & 

T) of PFAS and 

2. those that inform risk assessment through estimation of 

cumulative exposure and/or effects  

23



Intrinsic Properties

24



P-sufficient Approach

• All PFAS are themselves, or degrade into, highly 

persistent substances (definition of P in EU) 

• Continual release of high P chemicals results in 

increasing levels and increasing probabilities of known 

and unknown effects. Exposure poorly reversible

• Basis for grouping all PFAS, but no legal basis

25



Bioaccumulative PFAS

• Long-chain PFAAs regulated because they are 

vP, B (and T). There are more bioaccumulative 

PFAS…

26

▪ Non-target/suspect 
screening reveal 
other potentially 
bioacccumulative
PFAS in wildlife and 
humans

▪ Can be identified 
using structure-
property methods
➢ typically 6 

perfluorinated
carbons 

▪ In vitro protein binding



Mobile PFAS

• German Environment Agency (UBA) proposed a 

PMT/vPvM approach for identifying threats to 

drinking water

• Mobility in soil estimated using KOC or KOW

• Consequence is that based on log KOW cut-offs 

for B (typically >5) and M (proposed <4) most 

of partitioning space is covered

– Hydrophobic and hydrophilic

– What is left? Polymers and some volatile PFAS

27



Polymer of Low Concern (PLC)?

28

• Some fluoropolymer products deemed PLC due 

to their high molecular weight (assumed low 

bioavailability), narrow molecular weight 

distribution, negligible oligomer content and organic 

and inorganic leachables

• But PLC only focuses on the use phase

• Lifecycle considerations important because

– PFAS processing aids (PFOA, HFPO-DA) and other 

PFAS emitted during production

– Concerns about persistent fluoropolymer solid waste 



Approaches that Inform Risk 

Assessment: 

Cumulative Exposure

29



Ideal Exposure Assessments vs 

Reality

• Accurate measurements of all relevant PFAS in 

exposure media in time and space

• Want to make probabilistic estimates of exposure 

(rather than single points “deterministic”)

• External and internal exposure relationships

• Reality

– We only measure a few PFAS compared to those 

present and only in a few places and certain times

– Know little about pharmacokinetics

– Precursors and PFAAs present

30



Total Organofluorine Approach

• TF/EOF/AOF – surrogates for PFAS 

cumulative exposure

• EU ‘PFAS total’ limit of 500 ng/L set in a 

recast of the Drinking Water Directive

– EOF/AOF could be used to pre-screen 

samples

• Uncertainties in translating the EOF/AOF 

measurements into risk-based guidelines

– Which PFAS are represented?

– EOF/AOF would capture non-PFAS derived 

organic fluorine

• Still maybe promising as pre-screening 

approach

– Lab inter-comparison studies underway
31



Precursor exposure?

• Lack of methods for measuring all relevant 

precursors to a specific PFAA

• Total oxidizable precursor assay (TOPA)?

• Levels of PFAAs in samples could be compared to 

guidelines after applying TOPA

• TOPA does not accurately simulate environmental 

degradation or metabolism

32



TOP Assay

33

PFAAs &

PFAA precursors
PFAAs

• Analyse PFAAs in sample before and after oxidation

• Difference is PFAA precursors

• Developed for water but now being applied to soils

Potassium persulfate

Sodium hydroxide



Approaches that Inform Risk 

Assessment: 

Mixture toxicity

34
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• No consensus on a single critical adverse effect

• Few adverse effects studied for multiple PFAS, and even
fewer mixture toxicity studies

• Even if common effects for multiple PFAS, common mode 
of action is not established



Simple Additive Toxicity

• Assumes multiple PFAS have the equivalent toxicity 

of a “lead PFAS” (often PFOS or PFOA)

– Guideline set based on sum of multiple PFAS (mostly 

PFAAs) in sample

– Used in drinking water guidelines in Sweden (11 

PFAS), Denmark (12 PFAS), US states, etc.

• Limitations:

1. the identified critical adverse effects, as well as modes 

of action vary

2. elimination kinetics vary

3. mixture toxicity may not be simply additive

4. many PFAS are neglected 

36



Hazard Index

37



Hazard Index Application

38

• HI > 1 so more refined risk assessment 
needed



Higher tier mixture risk 

assessments?

• Mixture toxicity methods should ideally be 

applied to same critical organ/system

• Hepatocellular hypertrophy and kidney effects 

remain the only endpoints for which there are 

similar toxicity data from similar study designs, 

for multiple PFAS

– Kidney data not amenable for dose-response 

modelling

– But liver hypertrophy data are amenable

– Applied by RIVM in Relative Potency Factor (RPF) 

Approach

39



Relative Potency Factor (RPF) 

approach

𝑅𝑃𝐹𝑖 =
𝐵𝑀𝐷𝑃𝐹𝑂𝐴
𝐵𝑀𝐷𝑖

𝐶𝑃𝐹𝑂𝐴 𝐸𝑞𝑢 =෍

𝑖=1

𝑛

𝑅𝑃𝐹𝑖 ∗ 𝐶𝑖

𝐻𝑄 =
𝐶𝑃𝐹𝑂𝐴 𝐸𝑞𝑢

𝑃𝑂𝐷𝑃𝐹𝑂𝐴

40

• Liver hypertrophy

• 22 PFAS rat, oral



RPFs for multiple PFAS

41

• Differences in RPFs largely explained by elimination rates

• Internal dose normalization indicated similar potencies 
for all PFAAs (Gomis et al., 2015)



RPF approach: application to 

drinking water

42

• PFOA equivalent concentration 25 ng/L which is under 
the drinking water guideline limit for PFOA in the 
Netherlands of 87.5 ng/L



EFSA opinion: mixture approach

• Tolerable weekly intake (TWI) of 8 ng/kg BW for 

sum of 4 PFAS (PFOA, PFNA, PFHxS and PFOS)

• Decreased response of the immune system to 

vaccination was used as the critical human 

health effect in determining the new TWI value

• 4 PFAS have similar elimination half-lives

• Immunotoxicity effects observed for all four 

PFAS although potencies inconsistent

• Mode of action unknown

• Pragmatic protective approach adopted

43



Ongoing in the European Union

• Authorities of Denmark, Germany, 

Netherlands, Norway and Sweden are 

preparing a REACH restriction proposal for a 

wide range of PFAS

– Unclear which PFAS included

– Derogations granted according to essentiality

• Are all PFAS equally bad?

– Only common property is high P

44



Take homes/challenges

• For mixture risk assessment, strictly one should only 

group PFAS that have the same mode of action, 

accounting for PK differences

– Then grouping PFAS for risk assessment is challenging!

– RPF approach only “higher tier” method available

• Huge data gaps have caused regulators to make 

pragmatic and protective solutions

– Phasing out all PFAS based on high P with derogations 

for essentiality

– Cumulative exposure and simplified mixture risk 

assessment

45
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• US EPA and NTP testing 150 PFAS for hepatotoxicity, 

immunotoxicity, developmental toxicity, mitochondrial 

toxicity, developmental neurotoxicity, hepatic 

clearance, and toxicokinetics with high-throughput in 

vitro assays 

– By maximizing structural diversity, this research may inform 

mixture risk assessment

• Precautionary approaches warranted for continued use

• Contaminated sites

– Because of clean-up cost implications, pragmatic risk 

assessment approaches warranted

– Precautionary risk assessment for soils halting building in 

the Netherlands!

The way forward?



Thank you for your attention!
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What do we want to achieve in 
terms of PFAS Risk 
Management?

Presented by: Richard Dean (Environment Agency)
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Developing a UK Risk Management 
Options Analysis

Managing PFAS through UK REACH

Richard Dean, Senior Specialist, 

Chemicals Assessment Unit 



OFFICIAL - SENSITIVE

UK PFAS RMOA: purpose and context 

To give the Appropriate Authorities sufficient 
information to decide upon the best risk 
management option(s) to take forward.

Deliver within financial year 2020-21

No statutory prescription for the process, but an   
EU model we can follow or adapt.
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RMOA overview 

Overview of  

processes & 

legislation

Scoping: substances & groups

Identifying uses, estimating tonnages 

Emissions & exposure

Risk assessment

Options analysis

Conclusions on most appropriate options

Review of 

hazards
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Overview of  

processes & 

legislation

Scoping: substances & groups

Options analysis

EU REACH, PPPs, Biocides, cosmetics, 

POPs, CLP,  WFD, IED, permitting, 

RoHS, voluntary schemes etc. 
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Scoping: substances & groups

Consider stakeholders & perspectives

Describe concerns – environment & human 
health via environment

Consider relevant strategies & assumptions

A manageable RMOA – definition & 
grouping 



OFFICIAL - SENSITIVE

Review of hazard information

Review classification information
Review evidence for CMR, PBT, vPvB, EDC or 

other ELoC
Assess relevance & reliability of info
Consider read-across to group level
PNECs for threshold substances



OFFICIAL - SENSITIVE

Identifying uses, estimating UK tonnages
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Emissions & exposure

Environmental emissions from PFAS life cycle –
manufacture, use, disposal or recycling

• via air – volatilisation, dust

• via water – “down-the-drain”, aerial deposition 

• via land – sewage sludge, food waste, aerial 
deposition, landfill

Review monitoring data on exposure
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Risk assessment

Summarise evidence for risk for each group

RCRs may be possible for threshold 
substances 

Main exposure sources for non-threshold 
substances
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Next steps

EA & HSE agree initial RMOA scope

EA develops first iteration with HSE

Stakeholders review scope & first iteration

EA develops second iteration with HSE

Defra reviews second iteration and instructs  
HSE on regulatory approach 
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Thank you!

“If you don't know where you are going, 
chances are you'll end up someplace else.”     

Attributed to Yogi Berra



Product stewardship – NGO 
perspective

Presented by: Kerry Dinsmore (Fidra)
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Who are Fidra, why are we here?

• Scottish registered charity 

• Science and evidence-based 
approach to influencing positive 
environmental change

• Focus on working collaboratively with 
industry, retail and policy makers

• Involved in international consortia, 
e.g. POPFREE, and rely on dialogue 
with primary research and scientific 
expertise

Dr Kerry Dinsmore (Kerry.Dinsmore@fidra.org.uk) 62

www.fidra.org.uk

http://www.fidra.org.uk/


PFAS in food packaging

• High turnover, single-use item

• Potential for market growth when 
pitched as sustainable alternative to 
plastic

o Regrettable substitution

o Cost to industry of making ‘wrong’ 
choice

o Undermining public confidence and 
risk of mixed messaging

Dr Kerry Dinsmore (Kerry.Dinsmore@fidra.org.uk) 63



PFAS in food packaging

Dr Kerry Dinsmore (Kerry.Dinsmore@fidr.org.uk) 64

Forever Chemicals in the Food Aisle Report 

https://www.pfasfree.org.uk/wp-content/uploads/Forever-Chemicals-in-the-Food-Aisle-Fidra-2020-.pdf


Who’s responsible?

Dr Kerry Dinsmore (Kerry.Dinsmore@fidra.org.uk) 65

Chemical 
industry?

Packaging 
manufactures? 

Retailers?

Consumers?

Waste 
processors?

Policy makers?



Fidra’s model for change

Dr Kerry Dinsmore (Kerry.Dinsmore@fidra.org.uk) 66



Demonstrating support for change

Dr Kerry Dinsmore (Kerry.Dinsmore@fidra.org.uk) 67



Demonstrating support for change

Dr Kerry Dinsmore (Kerry.Dinsmore@fidra.org.uk) 68



Product stewardship –
industry perspective

Presented by: Makiko Yada (ATCS)

Text in footer 69



X September

UK PFAS Workshop

Product Stewardship

28 April 2021



Agenda

C6 Fluorotelomer Applications

C6 Fluorotelomer Chemistry1

2

Emissions3

Closing remarks 4



C6 Fluorotelomer 
Chemistry



Alliance for Telomer Chemistry Stewardship, 
in a nutshell

The Alliance for Telomer Chemistry Stewardship (ATCS) is a global organization of companies that

manufacture C6 fluorotelomer-based products in Europe, North America and Japan. Our mission is to

promote the responsible production, use, and management of fluorotelomers, while also advocating for a

sound science and risk-based approach to regulation.

ATCS was created in 2020, following the dissolution of the FluoroCouncil, to focus on fluorotelomers. The

association responsible for representing the fluoropolymer business is the Fluoropolymers Product Group

(FPG).

ATCS member companies include:

• AGC, Inc.

• Daikin America, Inc.

• Dynax Corporation

• JCI (Johnson Controls, Inc.)

https://www.americanchemistry.com/ATCS/About-ATCS/


FluoroChemistry

Non-fluorinated Polymer Backbone

Fluorinated side-chains -
F(CF2)n

Hydrocarbon non-
fluorinated side-

chains

High molecular weight polymers with

fluorinated “backbone”

• Fluoroplastics (e.g., PTFE, ETFE, PVDF,

FEP)

• Fluoroelastomers (flexible, rubber-like)

C6 fluorinated chains attached to a non-
fluorinated organic polymer backbone

• Fluorinated polymers (surface 
treatment)

• Surfactants (class B firefighting
foams, electroplating)

Fluorotelomers Fluoropolymers



Low surface tension resulting in unique water- and oil-repellency (DWOR)

Exceptional stability leading to long lifetime of products

High heat and chemical resistance

Key Properties of C6 fluorotelomers 



C6 Fluorotelomer 
Applications



Main applications of C6 fluorotelomers
(non-exhaustive)

High-performance 

air and liquid 

filtration media

Woven and 

nonwoven 

medical textiles

PPE for fire fighters, 

first aid responders 

and sports equipment 

for extreme weather

Military and 

police equipment

Rescue equipment 

outside of PPE

Construction 

textiles

Solar/marine 

textiles

Nonwovens used 

in transport, 

including electric 

vehicles

Interior/exterior 

textiles in 

transport



Main applications of C6 fluorotelomers
(non-exhaustive)

Pulp-based repellent 

medical equipment

Sealing materials for 

transport applications

Firefighting foams used 

in case of high hazard 

fires in industrial sites

Paints and coatings 

used in transport 

and construction

Batteries, 

photovoltaics

Hard chrome 

plating

Semiconductors/ 

electronics

Coating of 

mechanical parts



Emissions



There are ex situ treatment technologies currently available for the removal of fluorotelomer-based chemistry from

water, such as ion exchange resins and/or membrane filtration. In addition, other techniques such as closed-loop

water cycles are in place.

ATCS members have also actively promoted the use of Best Available Techniques to promote responsible

production and use by downstream sectors:

➢ Development of best practice guidance for the textile sector.

➢ Guidance on for firefighting foams used in case of high hazard fires in industrial sites.

Downstream users example – EU textile sector: Emissions of PFHxA estimated at 80g/year.

➢ Figures are expected to decrease further due to the review of existing BATs on textile production under

the IED.

Emissions minimisation



Emissions to air and waste management:

➢ Off-air is either incinerated or captured and filtered via vent condensers and scrubbers or

activated carbon beds.

➢ Liquid or solid waste potentially contaminated with fluorinated substances are sent for

incineration in dedicated facilities.

Worker protection:

➢ Well-managed process control.

➢ Gloves, safety shoes, workwear and respiration masks.

➢ Up to date Safety Data Sheets.

Emissions minimisation (ctd)



Closing remarks



C6 fluorotelomer chemistry is used in high-performance applications for which currently no alternatives

are available.

➢ Due to crucial role of C6 Fluorotelomers in the value chain of several key enabling technologies and markets,

the UK’s strategic autonomy could be undermined without access to this chemistry.

➢ Technologies are available to minimise emissions of facilities producing and processing C6 fluorotelomers.

ATCS is committed to supporting regulations that focus on responsible manufacture and use.

ATCS is willing to engage with the UK authorities on how to secure effective emission control of C6

fluorotelomer chemistry while ensuring its continued use in critical applications.

Conclusions



X September

In case you have questions, please visit 

americanchemistry.com or contact us by email at 
shawn_swearingen@americanchemistry.com. 

Thank you!

AGC, Daikin, Dynax Corporation, and Johnson Controls


