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PFAS: Per- and Polyfluoroalkyl substances

PFASs are defined as fluorinated substances that contain at least one fully fluorinated methyl or
methylene carbon atom (without any H/CI/Br/l atom attached to it), i.e. with a few noted
exceptions, any chemical with at least a perfluorinated methyl group (—CF3) or a perfluorinated
methylene group (—CF>—) 1s a PFAS.
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» Produced since 1950s F OH
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» One of the strongest chemical trifluoroacetic acid Fluorinated "tail"
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» Large group of substances
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» Definition changed over the years
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Examples ol PFASs that already meel the delinition by Buck et al. [2011)*
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Very large group of substances

» Very large group of substances
» Over 4000 substances
» Several large groups

» Classically known PFAS (PFOS,
PFOA, etc.)

» Fluorinated polymers
» Fluoropolymers
» Side-chain fluorinated polymers

» Fluorocarbons
» F-gases
> ...
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PFASs  —

perfluoroalkyl acids (PFAAs;
— including per

-COOH

— perfluoroalkyl carboxylic acids (PFCAs),C F, .

(— perfluoroalkane sulfonic acids (PFSAs), C F, , -S5O, H

|— perfluoroalkyl phosphonic acids (PFPAs), C

2+

-POH,

|— perfluoroalkyl phosphinic acids (PFPIAs), (C F, . )(C, F, .)-POH

acids, PFEAAs)

polyfluoroalkyl acids
(PolyFAAs;

her —— per

ic acids (PFECAs), e.g. C,FgOC,F,OCF,CO0H
[ perfluoroalkylether sulfonic acids (PFESASs), e.g. C4F,,OCF,CF,SO,H
I— perfluoroalkyl dicarboxylic acids (PFdiCAs), HOOC-C F, -COOH

I— perfluoroalkane disulfonic acids (PFdiSAs), H035—C F —503H

n'2n

‘— perfluoroalkane sulfinic acids (PFSIAs), C F,

-SO,H

polyfluoroalkyl carboxylic acids (PFCAs or PolyFCAs), e.g. H-C F, -COOH, n>2

polyfluoroalkylether acids,
PolyFEAAs)*

PFAA precursors

other PFASs

—1— per

—

poly her carboxylic acids (PFECAs), e.g. CFEOCBFﬁC)CF FCF,COOH

polyfluoroalkylether sulfonic acids (PFESAs), e.g. CIC¢F,,OCF,CF,50,H

— n: fluorotelomer alcohols, C,

Nomenclature including acronyms well covered by Buck et al. (2011)

Nomenclature including acronyms partially covered by Buck et al. (2011)
Common nomenclature including acronyms exists
—— Indicating that it is a synthesis pathway, instead of examples
Text Polymeric PFASs
Note: This figure is intended to be comprehensive, but not exhaustive; in other words,
there are other groups of PFASs that are not captured in this figure.
“ It is recommended that polyfluoroalkyl acids use the acronym PolyFAA to better
distinguish from perfluoroalkyl acids. Depending on the fluorination degree and location,
polyfluoroalkyl carboxylic acids may either be highly persistent themselves, or act as
precursors to other PFAAs such as PFdiCAs, under natural conditions.
** Depending on the type of linkages between fluorinated side chain(s) and aromatic
ring(s), some side-chain fluorinated aromatics may act as precursors to PFAAs or PFEAAs.
*'* Depending on the molecule structure, one may belong to PFAAs, PolyFAAs, PFAA
precursors, or other groups that are not described here.

n:a based sub C,F.

CH,OH

annM

FannCHR side-chain fluorinated polymers
e.g. (meth)acrylate, urethane or

\— perfluoroalkanoyl fluorides (PACFs), C F, . COF

2nh

|— perfluoroalkyl iodides (PFAIs), C F.

ZHHI

|— perfluoroalkane sulfonyl fluorides (PASFs), C F, SO,F

side-chain i d poly

|— perfluoroalkenes (C, F,  n>2)

I semifluorinated alkanes (SFAs),C F, .-C_ H, .

hydrofluorocarbons (HFCs,e.g.C F, . ,-C..H, ),

‘— perfluoroalkyl alcohols (C, F, . ,OH), e.g. (CFB)BC—OH, CAS No. 2378-02-1
(— fluoropolymers (FPs)

|— perfluoropolyethers (PFPEs), e.g. HOCH,O-(C F, O) -CH,OH

|— side-chain fluorinated aromatics**, e.g. C,,F,,,,-aromatic rings

(— perfluoroalkanes (C F,.,)

I perfluoroalkyl-tert-amines (C,F, )N

n 2

I perfluoroalkylethers (e.g. C F, . ,OC F,. )

m2mia

— others™**

|— perfluoroalkylether non-polymers, e.g C,FgOG,F,OC,F,OCF -CH,0H, CAS No. 317817-24-6

hydrofluoroethers (HFEs, e.g. C F
hydrofluoroolefins (HFOs, e.g. C F,,,-CH=CH,) that have a perfluoroalkyl chain

I— perfluoroalkyl (e.g.C F,, .C(O)C,F,,,) and semi-fluorinated ketones (e.g.C F,,,,C(O)C, H,.,.)

PACF-based substances, C F, ,CO,-R oxetane polymers, silicones
—— n:2fluorotelomer-based substances, C F, . CH,CH, R non-polymers
—— PASF-based substances, C F, SO,R R =NH, NHCH,CH,0H, etc.

perfluoroalkene derivatives, e.g.
[(CF,),CF1,C=C(CF,)OC4H,50,Na), CAS No. 70829-87-7

polytetrafluoroethylene (PTFE)
polyvinylidene fluoride (PVDF)
fluorinated ethylene propylene (FEP)
perfluoroalkoxyl polymer (PFA)
Other FPs




C-F bond is very strong - very stable molecules - interesting characteristics

Stability and thermo resistance (can withstand high temperatures)
Electrical wire coating
Use in Personal Protection equipment (fire fighting gear)
Fire fighting foams
Water and grease repellent characteristics
Outdoor gear like tents, shoes and raincoats (for example Gore-Tex)

Non-stick pots and pans (Tefal)

Food contact materials (popcorn bags, pizza boxes, ...)

GUARANTEED
TO KEEP YOU DRY

GORE-TEX

PRODUCTS



Essential uses?

Airconditioning Fire Heat pumps Refrigeration
extinguishers PLASTICS
EUROPE
= Erobling a sustainable future
—_— /‘/ Fluoropolymers Froduct Group

ONE-OF-A-KIND POLYMERS

WHY DO WE USE FLUOROPOLYMERS?

Ensure , reliability and performance across a variety of sectors

Fluoropolymers are unique chemical substances used
hseah Law-risk polymer for human health & environmant

across nUMerous gl P and
everyday applications from the aviation industry to
ion, medical davices and enargy production

Help drive EU industry competitiveness and innovation
AEROSPAGE Critical to numerous technologies enabling the Green Deal, reducing
waste and emissions
Few, if any, viable alternatives

transp 4
and technical apparel.
With a unique set of properties, they are durable,

chemically inert and mechanically strong. Fluorpolyrners
help to keep us safe and enable innovation,

QAN
MARIARUAY

_l( ‘lv GHEMGAL INDUSTRY

SUSTAINABLE BUILDINGS

TN

h\

POWER INDUSTRY

ENERGY
DIGITALISATION MEDICAL USE
. fedefa l pu b l ic « Promoting sustainable and smart mobility through slectric vehicles. * Driving innovation and helping decarbonise the aviation industry.
» Extending the lifespan of medical equip and devi reducing the need for replacements, risk of failure and cross infactions. s Assisting the chemicals industry in preventing corrosion in harsh envirenments.
HEALTHI FOOD » Enabling a data driven economy though the i ing of micropr and i ductors = Ensuring food and pharmaceuticals remain fresh end uncontaminated.
AND ENVIRON * Facilitating the Renovation Wave and the construction of snergy efficient buildings. e Pr ing np i P and high-performance clothing. 6




Environmental fate and exposure to PFAS
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Environmental fate and exposure to PFAS

» C-F bond is extremely persistent in the
environment

» Irreversible environmental
contamination

» Very hard to remove from water, soil
and air

» Widespread use in consumer products
(textiles, food contact materials,
cosmetics)

» Landfill leachate

» Incomplete incineration - release of
PFAS to atmosphere
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. PFAS Firefighting Foam
“  §

Human Exposure and sources of PFAS
Image: DWP, adapted from Oliaei et al. 2013.



PFAS Hazards

» Overarching concern: persistence
» Health concerns defined for some PFAS are:
» Bioaccumulation
» Carcinogenicity
» Toxicity to reproduction
» Effects on immune system
p link with COVID vaccine efficiency
> ...

» Only a few PFAS are extensively studied

» Emerging concerns

» Low-dose effects

» Non monotonic dose response
» Mixture effects
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—— High certainty

---- Lower certainty

Increased cholesterol levels
Developmental effects
affecting the unborn child

Breast cancer
Delayed mammary gland development

Reduced response to vaccines Liver damage

Lower birth weight

Kidney cancer

Early puberty onset -~~ - Inflammatory bowel disease

e (ulcerative colitis)

Increased miscarriage risk -~

(i.e. pregnancy loss) Testicular cancer

Low sperm count and mobility +* A
** Increased time to pregnancy

Pregnancy induced
hypertension/pre-eclampsia
(increased blood pressure)

Sources: US National Toxicology Program. (2016); C8 Health Project Reports, (2012); WHO IARC, (2017); Barry et al., (2013); Fenton et al..
(2009); and White et al., (2011).




Eremas

| » Source: HBM4EU Policy
brief

. federal public service

,: HEALTH, FOOD CHAIN SAFETY
.;‘\ AND ENVIRONMENT

il

Figure 1. Overview of exposure sources, pathways and health effects associated with PFASs

Possible sources
of exposure

How can PFAS

1 2

enter your body?

How might PFAS affect
your health?

& House dust

Occupational exposure
”i (PFAS manufacture,
E. firefighters, ski waxing,

chromium plating...)

Via inhalation

=~ Home consumer
ll; products

I}

, -t Personal care
products

Breast milk

Contaminated
drinking water o .
Via ingestion
Contaminated

food

Food consumer
products

—— Via dermal absorption

Kidney and
testicular cancer

Immunotoxicity

@ Thyroid disease
|
Increased
cholesterol levels
@ Liver damage

Developmental
toxicity

Effects on
reproduction
and fertility  (

Where they can be possibly found?

PFAS can be found in consumer products, such as food packaging and
cookware; personal care products, such as shampoo, dental floss, nail
polish and eye makeup; cleaning products, upholstery, leather, and

' carpets as well as home improvement products such as paints, varnishes,
lubricants and sealants.

® It can also be found in contaminated drinking water (close to manufacturing

facilities, waste treatment facilities, firefighting and military training sites
and airports) or food (fish, meat, fruit and fruit products, eggs, vegetables
and vegetable products due to contaminated soil).

{3







» Body of knowledge is increasing
» But still a lot of knowledge gaps!

» Impossible to fill in all gaps in a reasonable
time

PFAS tox database

The numbers in the heat map indicate the number of studies, not the number of significant effects. Click to select studies, click again to deselect. Filters
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Federal level actions on PFAS

» DGEM
» Substance evaluations of PFAS substances under REACH
» Belgian Competent Authority of REACH: Belgian vote for authorisation and restriction doss
» NAPED: research activities on PFAS substances envisaged under this plan
» Follow-up of the CSS and the REACH and CLP revisions
» Piloting the CCIEP group on PFAS (see next slides)
» Inspection campaigns on PFAS
» Belgian Builds Back Circular

» Substitution project on PFAS
» To be developed by FOD Economie

» Study on PFAS in textiles
» With focus on PFAS in home textiles

» DG APF
» BE position on EU Food Law actions and Food Contact Materials
» Projects related to PFAS in food (PERFOOD and FLUOREX)
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History of PFAS actions in chemical legislation

2006: EU restriction of PFOS (under Dangerous Substance Directive)
2009: PFOS added to the Stockholm Convention on Persistent Organic Pollutants (POP regulation in EU)
2011: PFOA and APFO identified as SVHC + CLP classification \
2012: ICCM3 identifies PFAS as emerging policy issue \
2016: PFNA identified as Substance of Very High Concern (SVHC) + CLP \
2017: PFOA added to the REACH restriction list (Annex XVII)

2017: PFDA identified SVHC + CLP

2019: HFPO-DA (Gen-X) identified SVHC

2020: PFOA added to Stockholm Convention

2020: PFBS identified as SVHC

2021: C9-C14 added to the REACH restriction list (enters into force in 2023)
2023: PFHxS and related substances will be added to the Stockholm Convention

Well know PFAS get regulated > lesser
known related PFAS replace them!
= regrettable substitution

vV vV vV vV vV v vV vV v v Vv Y
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Other PFAS related policy topics

» Sector specific
» Food Contact Materials (FCM)
» Plant Protection Products (PPP)
» Water
» Drinking water Directive (DWD)
» Groundwater Directive (GWD)
> Water Framework Directive (WFD)
> ..
» Product policy
> Ecolabel
» Sustainable Product Initiative (SPI)
» Food
» EFSA opinion

» Food contaminants regulation
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» Industrial Emissions Directive (IED)
> BAT
» E-PRTR

» Waste

» Soil

» International
» PIC
» OECD PFC group
» OSPAR
> SAICM

» Research

» Horizon Europe

These competences in are divided Belgium
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2019: Creation of the “short-chain” PFAS working
group

\

» EU and International policy actions shift from well known long-chain PFAS (PFOA and PFOS) to |
lesser known short-chain PFAS (PFHxA, PFBS, etc.) \

» Focus on “grouping approach” to tackle the large group of substances \
» Arrow-head approach: target degradation product of large group of substances \
> For example: PFHXA restriction process under REACH: group of substances with PFHxA as degradation product \

> Resulting in a lot of different uses being tackled in risk management measures like restrictions l\

» Need for coordinated information gathering and exchange of information between Belgium
authorities to follow these policy actions

- Resulted in the creation of a CCIEP short-chain PFAS working group
» As a subgroup of the CCIEP-Chemicals working group
» To share and collect data on short-chain PFAS in Belgium

» Report on the current knowledge of Short-Chain PFAS in Belgium
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Renewal and extension of the CCIEP mandate

» May 2021: Historical pollution of PFOS near a production site in Zwijndrecht (Antwerp}
gets media attention \

» Results in political actions: \

» Federal: Joint-Interministerial Conference on Environment and Health (JICEH) of July 8
2021, which requested to:

» Extend and expand on the mandate of the short-chain PFAS CCIEP working group \
» To inform and optimize different actions being taken in BE

» Act as national expert body including all relevant authorities in order to share and collect PFAS
related data
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CCIEP PFAS Working Group

» New mandate negotiated and finalized in December 2021 includes:
» Building of a BE databank on PFAS

» Exchange of information between authorities to contribute to international actions (REACH
restrictions, POPs, etc.)

» Update the existing PFAS report
» Expand from short-chain to all PFAS

» Adding current challenges and perspectives
» Exchange of information with other groups to enhance PFAS policy actions
» Expansion of the composition - adding health competences
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CCIM PFAS in Belgium report

» Initial goal: provide overview of the current situation regarding short-chain PFAS in “
Belgium \.

» ldentify the production, use, emissions of these substances in Belgium \
» Provide an overview of PFAS related projects in Belgium \
» To identify actions and perspectives

» Second version, focusing on PFAS in general, was finalized in September 2022
» Some disclaimers:

» The report has been developed as a living document and thus includes incomplete chapters that need
completion

» Intended to be a strategical document for BE position development and communication to the JICEH
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Structure

» Overview Hazards and Risk Management Measures
» BE data on PFAS
» Import, Production, Uses and Emissions
» Waste, recycling, re-use
» Monitoring and research
» BE risks, forecasts, evolutions
» (Importance of PFAS in BE)
» Overview of BE PFAS policy
» Alternatives to PFAS
» Discussion and Perspectives
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Current discussion/conclusion of the report

» Large uncertainties remain on the production and use of PFAS in BE
» Lesser-known PFAS will be topics of discussion in regulatory actions
» Especially F-gasses and Fluorinated polymers
» Research on PFAS hazards and risks needs to be generated
» Especially on the lesser known and on mixture effects
» Innovation and substitution of PFAS across the life-cycle
» Need to look at concepts like safe and sustainable by design for alternatives
» Research and Development on PFAS remediation and destruction needs
» Regulatory actions on EU and international level are needed
» Registration, Evaluation, Authorisation and Restrictions of CHemicals (REACH)
» CLP revision (inclusion of PMT and vPvM hazard classes)

» Development of concepts like Safe and Sustainable by Design and essential use
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Current discussion/conclusion of the report

Belgian Builds Back
» Large uncertainties remain on the production and use of PFAS in BE — Circular (BBBC) - PFAS

» Lesser-known PFAS will be topics of discussion in regulatory actions | mapping study

» Especially F-gasses and Fluorinated polymers L
» Research on PFAS hazards and risks needs to be generated BBBC, FLUOREX,

PFASFORWARD, Regional

studies, reports and
» Innovation and substitution of PFAS across the life-cycle (bio)monitoring

» Especially on the lesser known and on mixture effects —

» Need to look at concepts like safe and sustainable by design for alternatives

» Research and Development on PFAS remediation and destruction needs | L
» Regulatory actions on EU and international level are needed \

» Registration, Evaluation, Authorisation and Restrictions of CHemicals (REACH) Chemical Strategy for
Sustainability (CSS)

and REACH PFAS
restrictions

» CLP revision (inclusion of PMT and vPvM hazard classes) o

» Development of concepts like Safe and Sustainable by Design and essential use
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PFAS Challenges

» Large amount of substances

» Impossible to have complete toxicological profile of all PFAS
» Impossible to have regulatory action and risk management on substance-by-substance basis l‘\\
» Large amount of uses |
» Strongly imbedded into current society \
» Hard to substitute due to advantageous characteristics
» Medical uses, green technologies, Safety equipment, etc. \
» Persistent characteristics

» Don’t break down naturally + Very hard to remove from environment = concentrations will keep
rising irreversibly

» Even uncertainties on whether incineration can completely break down the C-F bond
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Perspectives

» Large number of substances

» Act on PFAS as a group - REACH restrictions and Stockholm Convention
> Prevent need for substance-by-substance analysis

> Prevent need for in depth toxicological analysis of all PFAS - grouping based on common hazard ->
persistence

» Keep expanding the PFAS knowledge base (PFAS tox and PubChem database)
» Large number of uses

» Ensure data flow throughout the supply chain

» Look at concepts like essential use

» Look into alternatives and Safe and Sustainable by Design concepts

» Persistent characteristics

» Innovation on destruction and remediation techniques

» Look into concepts like extended producer responsibility
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Thank you for your attention!

Any questions?



