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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/I 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 (—CF2>-) 1s a PFAS.
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F%}\ PFOS
» Man-made chemicals F OH
» Produced since 1950s F
» Defined by Carbon Fluor bond (C-F) trifluoroacetic acid Fluorinated "tail"
» One of the strongest chemical (hydrophobic) Functional group
bonds F F (hydrophilic)

» - “forever chemicals”
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Very large group of substances

— perfluoroalkyl carboxylic acids (PFCAs), C F, . .-COOH Nomenclature including acronyms well covered by Buck et al. (2011)
» Ve ry la rge g ro u p Of S u b Sta n CeS (— perfluoroalkane sulfonic acids (PFSAs), C  F, ., -SO,H Nomenclature including acronyms partially covered by Buck et al. (2011)
|— perfluoroalkyl phosphonic acids (PFPAs), CoFansrPOsH, Common nomenclature including acronyms exists

— Indicating that it is a synthesis pathway, instead of examples

» Ove r 4000 Su bsta n CeS erfluoroallyl acids (PFAAS |— perfluoroalkyl phosphinic acids (PFPIAS), (C,F, 1) (CF o) -PO,H o oymenc pias

— including perfluoroalkylether —— perfluoroalkylether carboxylic acids (PFECAs), e.g. C,F,OC,F,OCF,COOH
acids, PFEAAS) Note: This figure is intended to be comprehensive, but not exhaustive; in other words,

I— perfluoroalkylether sulfonic acids (PFESASs), e.g. C¢F, OCF,CFSOH there are other groups of PFASs that are not captured in this figure.

> Seve ra l la rge g ro u ps | perfluoroalkyl dicarboxylic acids (PFAiCAs), HOOC-C, ., -COOH It is recommended that polyfluoroalkyl acids use the acronym PolyFAA to better

distinguish from perfluoroalkyl acids. Depending on the fluorination degree and location,
\— perfluoroalkane disulfonic acids (PFdiSAs), HO,5-C,F,,,SO;H polyfluoroalkyl carboxylic acids may either be highly persistent themselves, or act as

° . . precursors to other PFAAs such as PFdiCAs, under natural conditions.
> C laSS'I Ca l ly kn Own P FAS ( P FOS , *— perfluoroalkane sulfinic acids (PFSIAs), C,F, ., -SO,H ** 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.

il kol acid polyfluoroalkyl carboxylic acids (PFCAs or PolyFCAs), e.g. H-C, F, -COOH, n>2 " Depending on the molecule structure, one may belong to PFAAs, PolyFAAs, PFAA
e C o polytiuoroalkyl acids precursors, or other groups that are not described here.
b poli";‘l’z':’::f;;l':t'::r' " polyfluoroalkylether carboxylic acids (PFECAS), e.g. CF,OC,FOCHFCF,COOH
> Fl u O r-i n a ted o l e rS PolyFEAAS) polyfluoroalkylether sulfonic acids (PFESAs), e.g. CIC4F,,0CF,CF,SO,H

p y — n:1 fluorotelomer alcohols, C F, . .CH OH n:1 fluorotelomer-based substances, C F, . .CH,R side-chain fluorinated polymers
e.g. (meth)acrylate, urethane or

> Fluoropo[ymers |— perfluoroalkanoyl fluorides (PACFs), C F, . COF PACF-based substances, C F, . .CO,-R oxget(ane p())\yrryvers,sw\icones

— ey a | f
PFASs — perfluoroalkyl iodides (PFAIs), C F, | — n:2 based es, C FyninCHCH, R non-polymers
o R =NH, NHCH,CH,OH, etc.
> S_i d e _ Ch a_i n fl uo r_i n ated po lym e rS |— perfluoroalkane sulfonyl fluorides (PASFs), C F, ., SO,F —— PASF-based substances, C.F, ,.SO,-R 2=
|— perfluoroalkylether non-polymers, e.g. C,FoOC,F,OC,F,OCF,-CH,0H, CAS No. 317817-24-6
M PFAA precursors —4— perfluoroalkylether side-chain fluorinated polymers

» Fluorocarbons

perfluoroalkene derivatives, e.g.

| perfluoroalkenes (C,F, ., n>2) T [(CF,),CF,C=C(CF,)0C4H ,SO,Na), CAS No.70829-87-7

n'2n

}— semifluorinated alkanes (SFAs),C F, . -C_H,

> F - gases hydrofluorocarbons (HFCs,e.g.C F, . -C_ H, ), hydrofluoroethers (HFEs,e.g.C F, OC _H, )

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

2n+1

I perfluoroalkyl (e.g.C F, . .C(O)C_F, .)and semi-fluorinated ketones (e.g.C F, . .C(O)C H, )
> eoe \— perfluoroalkyl alcohols (C,F, . ,OH), e.g. (CFS)BC—OH, CAS No. 2378-02-1

— fluoropolymers (FPs) polytetrafluoroethylene (PTFE)
|— perfluoropolyethers (PFPEs), e.g. HOCH,O-(C  F, O) -CH,OH polyvinylidene fluoride (PVDF)
|— side-chain fluorinated aromatics**,e.g.C F, . -aromatic rings fluorinated ethylene propylene (FEP)

— other PFASs —— perfluoroalkanes (C.F, ) perfluoroalkoxyl polymer (PFA)
I perfluoroalkyl-tert-amines (CannH)aN Other FPs

. federal pu b I ic Servi ce I perfluoroalkylethers (e.g.C F, . OC_F, )

e
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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
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Airconditioning

Essential uses?

Fire Heat pumps Refrigeration
extinguishers PLASTICS
EUROPE
Enabling a sustainable future
Fluoropolymers Product Group
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ONE-OF-A-KIND POLYMERS

Fluoropolymers are unique chemical substances used
across numerous technologies, industrial processes and
everyday applications from the aviation industry to
transpontation, medical devices and energy production
and technical apparel.

With a unique set of properties, they are durable,
chemically inert and mechanically strong. Fluorpolymers
help to keep us safe and enable innovation.

WHY DO WE USE FLUOROPOLYMERS?

Ensure , reliability and performance across a variety of sectors
Low-risk polymer for human health & environment

Help drive EU industry competitiveness and innovation

Critical to numerous technologies enabling the Green Deal, reducing
waste and emissions

* Few, if any, viable alternatives

AEROSPACE

CHEMICAL INDUSTRY

SUSTAINABLE BUILDINGS

POWER INDUSTRY

ENERGY
DIGITALISATION MEDICAL USE
. fed era | pu bl ic ¢ Promoting sustainable and smart mobility through electric vehicles. ¢ Driving innovation and helping decarbonise the aviation industry.
» Extending the lifespan of medical equipment and devices, reducing the need for replacements, risk of failure and cross infections. » Assisting the chemicals industry in preventing corrosion in harsh environments.
HEALT Hr FOOD ¢ Enabling a data driven economy though the manufacturing of microprocessors and semi-conductors, » Ensuring food and pharmaceuticals remain fresh and uncontaminated.
AND ENVIRON * Facilitating the Renovation Wave and the construction of energy efficient buildings. » Protecting workers in professional protective and high-performance clothing.



PFAS Hazards

» Overarching concern: persistence!

» Health concerns defined for some PFAS are:

» Bioaccumulation
» Endocrine disrupting effects
» Carcinogenicity
» Toxicity to reproduction
» Effects on immune system
» link with COVID vaccine efficiency!

> ...
» Only a few PFAS are extensively studied!

» Emerging concerns

» Low-dose effects

» Non monotonic dose response
» Mixture effects

@ federal public service
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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

Obesity ----=-=---==--=-------4

Early puberty onset -~ - Inflammatory bowel disease

-* (ulcerative colitis)
Increased miscarriage risk -~
(i.e. pregnancy loss) Testicular cancer
Low sperm count and mobility < N
"~ 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).




» Body of knowledge is increasing

» But still a lot of knowledge gaps!

» Impossible to fill in all gaps in a reasonable PFAS tox database
time
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https://pfastoxdatabase.org/

Environmental fate and exposure to PFAS

» C-F bond is extremely persistent in the
environment

K FR FF
F.

' Atmespheric
transformation
4 of precursors :

» Irreversible environmental

contamination
» Very hard to remove from water, soil 20
and air o

Long-range
_ aceanic transport

Atmospheric
Q

release through 75 Q‘

‘marine aerosols a

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

» Landfill leachate

|

Direct
release fo
atmosphere

Long-range
atmospheric lransport

o
jgi_ K“,é?“

| &5 N IS
A €Y eoF

» Incomplete incineration - release of
PFAS to atmosphere

Direct release |
to aqueous

. environment

a Atmospheric
SCE deposition
[ 2
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Environmental fate and exposure to PFAS

Vs e A
@& v &

PFAS Treated Food

* PFAS Firefighting Foam

PFAS Producing/Using Factory

of exposure to humans.

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



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

Possible sources How can PFAS How might PFAS affect
ﬂ of exposure ? enter your body? g your health?

®

,J:( House dust

Via inhalation Immunotoxicity

Occupational exposure
%l (PFAS manufacture,
(]

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

o -

. federal public service

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

firefighters, ski waxing, ﬂ @ Thyroid disease
chromium plating...) e
i—j Home consumer —— Via dermal absorption Increased
products cholesterol levels
41 Personal care
' products .
v Liver damage
Breast milk /\
_ Kidney and
Contaminated testicular cancer
drinking water o .
] DR | Via ingestion
Contaminated Developmental
food toxicity
Food consumer Effects on
duct
products reproduction
and fertiity ([ /
. i 2
» Source: HBM4EU Policy Where they can be possibly found?
brief PFAS can be found in consumer products, such as food packaging and



» HBM show large portion exceeding the guideline values
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THE TRUTH HAS A MAN ON THE INSIDE.

Over the years large scale pollution near PFAS production sites have
been uncovered

US: Dupont and 3M

Italy: Miteni Ltd. and Solvay
Netherlands: Chemours
Belgium: 3M

Significantly higher PFAS concentrations are found in
populations living near such contaminated sites

Very high costs associated to remediating the PFAS pollution
(very hard due to persistent characteristics)

' i . federal public service
HEALTH, FOOD CHAIN SAFETY
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How are PFAS regulated?




History of PFAS policy actions

» 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) r/eu knOV{ PF’CAI‘SP%Z; regli'latedhe l'esser
2017: PFDA identified SVHC + CLP T ELEItE SEplaEs Ut

= regrettable substitution
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

vV vV vV vV vV v v v v v

@ federal public service
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2020: Chemical Strategy for Sustainability (CSS)

» Published in October 2020

» Part of the EU Green Deal

» Several actions on chemicals envisaged:
» Review of REACH and CLP
» Take action on the “cocktail effect”
> ...

» Phase out of all PFAS in the EU, except EU Chgmicals Strategy
for “essential uses”

for Sustainability

P
A\ -

-

@ federal public service #ChemicalsSt

HEALTH, FOOD CHAIN SAFETY #EUGreenDeal
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CSS: EU PFAS strategy

» Goal: minimization of exposure of humans and environment
to PFAS, taking into account the complete life-cycle of these
substances

» Proposed actions:
» Take action on PFAS as a group

» Phasing out all PFAS, except for essential uses, until
safer and sustainably alternatives are available

» Development of limit values for all relevant EU
legislation

» Take action on effective enforcement

» (Bio)monitoring, researching alternatives, developing
new analytical methods, etc.

@ federal public service
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PFAS SWD

EUROPEAN
COMMISSION

Brussels, 14.10.2020
SWD(2020) 249 final

COMMISSION STAFF WORKING DOCUMENT

Poly- and perfluoroalkyl substances (PFAS)

Accompanying the document

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE AND THE COMMITTEE OF THE REGIONS

Chemicals Strategy for Sustainability
Towards a Toxic-Free Environment
18
{COM(2020) 667 final} - {SWD(2020) 225 final} - {SWD(2020) 247 final} -
{1SWD(2020) 248 final} - {SWD(2020) 250 final} - {SWD(2020) 251 final}


https://ec.europa.eu/environment/pdf/chemicals/2020/10/SWD_PFAS.pdf

REACH restrictions

» REACH = Registration, Evaluation, Authorisation and Restriction of CHemical substances
» Registration of all chemical substances put on the market in the EU at more then 1 ton/year
» Evaluation of registration dossiers and substances
» Authorisation of chemicals which are prohibited in the EU, except when authorisations are granted
» Restrictions, which are a broader tool to ban or limit the marketing/use or formulation of substances

» On restrictions

» REACH restrictions: restricting the manufacturing, placing on the market or use of a substance on
its own, in a mixture or in an article

» When there is an unacceptable risk to human health and/or the Environment
» Standard process:

» Preparation of a restriction dossier (Annex XV dossier)
» Public Consultations on the dossier

» Development of scientific opinions of the Risk Assessment Committee (RAC) and the Socio-Economic Committee (SEAC)
» After finalization of the Annex XV and the Opinions - EU Commission prepares a restriction entry for REACH (legal text)
» Proposal will be discussed and voted in the REACH Committee by Member States

@ federal public service
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Starting the restriction process

Notification of intention to submit a restriction

proposal

Registry of Intentions

Preparing the restriction dossier

Submission and conformity check

@ rederal public service

HEALTH, FOOD CHAIN SAFETY
AND ENVIRONMENT

Consultation on the Consultation on SEAC's
restriction report draft opinion

Commission  Complying with
decision on restriction

restriction

Enforcing the

restriction



REACH PFAS restrictions

» Several PFAS restrictions in the pipeline
» Already in force: PFOS and PFOA (so called C8 PFAS)

» Moved to Stockholm convention (POP)

» To be entered into force Current and upcoming PFAS restrictions
Relevance and
» C9-C14 PFCAs Importance
» To be decided
» PFHxA and related substances Universal
» PFHxS and related substances (will go to POP) PFAS

» In development
» PFAS in fire fighting foams

» Proposal on the way

» Universal PFAS restriction

Progress

- =
. federal public service _ | Inforce

HEALTH, FOOD CHAIN SAFETY
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FFF: Firetighting foams,




Universal PFAS restriction proposal

» REACH restriction proposal to be submitted by 4 Member States (NL, DE, SE,
DK) and NO

» Focus on the entire group of PFAS
» “Substances that contain at least one aliphatic -CF2- or -CF3 element”.
» Persistence as main common concern
» Only “essential” uses can continue
» Proposal planned to be published in January 2023
» Restriction entering into force: predicted for 2025
» But probably later!

federal public service
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Stockholm Convention

» International Convention on Persistent Organic Pollutants
» Implemented in the EU under the POP Regulation
» PFAS under this convention:

» PFOA and related substances
» PFOS and related substances

» PFAS to be included:

» PFHxS and related substances
» C9-C20 PFCAs

» Obligations for members:

» Provide data on stocks

» Ensure proper waste management
» Report on inspections

> ...

@ federol public service STOCKHOLM CONVENTION

HEALTH, FOOD CHAIN SAFETY
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What is Belgium doing?

@ federal public service
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Actions on regional level

» Walloon region

» Monitoring projects

» BIODIEN: PFAS in surface water and
groundwater

» CARIBOUH: PFAS in sewage sludge

\v «% Wallonie
A— recherche
La saciété CRA_W

wallonne
des caux

Institut scientifique

de service public

Arrété du gouvernement wallon allouant une subvention au Groupement
d’Intérét Scientifique wallon de Référence pour la qualité des EAUX
(GISREAUX)

RECHERCHE DE PERTURBATEURS ENDOCRINIENS ET D’AUTRES
SUBSTANCES D’ INTERET RECENT DANS LES EAUX EN VUE DE LA
PROTECTION DE LA SANTE PUBLIQUE ET DE L'ENVIRONNEMENT

PROGRAMME DE RECHERCHE « BIODIEN »

» Flemish region

» PFAS action plan

» Monitoring projects and research initiatives
» Human biomonitoring

» Since 2021: many new projects

PFAS gemeten in de Vlaamse bevolking

‘ P 2de cyclus P 3de cyclus P 4 de cyclus
ﬁ (2007-2011) (2012-2015) (2016-2020)
oL O} VI referentiegroep VI referentiegroep VI referentiegroep
Pasgeborenen
PFOS, PFOA PFOS, PFOA,
(n=218) PFNA, PFHxS, PFBS
Jongeren (n=269) PFOS, PFOA,
14-15 jaar PFNA, PFHXS, PFBS,

PFDA, PFPEA, PFHXA,
PFHpA, PFUNDA,
PFDODA, PFHpS

)

Volwassenen

ol PFOS, PFOA (n=410)
ar (n=204)
Volwassenen PFOS, PFOA,
50-85aar PFNA, PFHxS, PFBS
(n=209)

7\ Vlaanderen
§

Y Is omgeving



Federal level actions on PFAS

» DGEM
» Substance evaluations of PFAS substances under REACH

» Belgian Competent Authority of REACH: Belgian vote for authorisation and restriction
dossiers

» 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

B U
» Projects related to PFAS in food (PERFOOD and FLUOREX) gUILDS

. federal public service
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Other EU and international PFAS related policy actions

» 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

@ rederal public service

HEALTH, FOOD CHAIN SAFETY
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» Industrial Emissions Directive (IED)

> BAT
» E-PRTR

» Waste
» Soil

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

» Horizon Europe

Competences in Belgium are divided!




CCIEP: Coordination Committee International
Environment Policy

» Belgium competences regarding environment are distributed between the
different authorities

» Regional: drinking water, soil, environmental permits, ...

» Federal: product policy, food safety, ...

- Need for coordination between authorities for EU and international policy
actions on environment

» 1995: creation of the CCIEP

» Created in line with the cooperation asreement between the different
authorities

» Existing of working groups responsible for specific environment related
topics

» For example: CCIEP-Chemicals group

@ federal public service
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https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/19102754/Samenwerkingsakkoord%20van%205%20april%201995_NL.pdf

2019: Creation of the “short-chain” PFAS working
group

» EU and International policy actions shift from well known long-chain PFAS (PFOA an
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

» 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

@ federal public service
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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 (JICE
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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CCIEP PFAS Working Group - current and planned
outcomes

» Qutcomes:

» BE comments submitted to the Public Consultation of the PFAS in AFFF restriction
proposal

» Info sharing of projects and policy actions via CCIEP report
» Cooperation between the regions on mapping exercises
» Discussions on harmonizing standard levels of PFAS over the different regions
» Upcoming:
» Providing input into the General PFAS restriction
» Further providing data into the AFFF restriction proposal
» Looking into drafting a PFAS AOB point for the ENVI Council Conclusions
» Etc.
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Conclusion
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PFAS Challenges

» Large amount of substances

» Impossible to have complete toxicological profile of all PFAS

» Impossible to have regulatory action on substance-by-substance basis
» Large amount of uses

» Strongly imbedded into current society

» Hard to substitute due to advantageous characteristics

» Medical uses, green technologies, etc.

» Persistent characteristics

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

» Even incineration has not been proven to 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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federal public service
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Thank you for your attention!

Any questions?




