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It is currently not possible to perform in-depth environmental and health risk assessments of all
chemical substances in use in Europe because of the great variety of chemicals and their diverse
uses. New and legacy chemicals continue to be released into Europe’s environment, adding to the
total chemical burden on Europe’s citizens and ecosystems. Early identification of emerging risks
is one of the activities of the European Environment Agency (EEA). This briefing summarises the
known and potential risks to human health and the environment in Europe posed by a group of
very persistent chemicals, the per- and polyfluorinated alkyl substances (PFAS).
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Key Messages

Qmprising more than 4 700 chemicals, per and polyfluorinated alkyl substances (PFAS) are
a group of widely used, man-made chemicals that accumulate over time in humans and in
the environment.

Dtional monitoring activities have detected PFAS in the environment across Europe. The
production and use of PFAS in products has resulted in the contamination of drinking water
supplies in several European countries. In some highly polluted areas, concentrations of
perfluorooctanoic acid (PFOA) and perfluorosulfonic acid (PFOS) in drinking water were
above the limit value for individual PFAS proposed in the 2018 recast of the EU Drinking
Water Directive (EC, 2017).

iman biomonitoring has detected a range of PFAS in the blood of European citizens.
Though the levels for the most prevalent, studied and regulated PFAS, PFOA and PFOS are
decreasing, levels of more ‘novel’ PFAS are increasing. In some areas, concentrations of
PFOA and PFOS in the most exposed citizens were above proposed benchmark levels for
adverse effects in humans.

@de to the large number of PFAS chemicals, a substance-by-substance risk assessment and
management approach is not adequate to efficiently prevent risk to the environment and
human health from a single PFAS or mixtures of them.

Qking precautionary risk management actions for groups of chemicals and promoting the
use of chemicals that are ‘safe-and-circular-by-design’ could help to limit future pollution.

What are PFAS and what are they used for?

PFAS are a group of more than 4 700 man-made chemicals (OECD, 2018), the two most well-known
of which are perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) (Box 1). PFAS
are used in a wide variety of consumer products and industrial applications because of their unique
chemical and physical properties, including oil and water repellence, temperature and chemical
resistance, and surfactant properties. PFAS have been used in firefighting foams, non-stick metal
coatings for frying pans, paper food packaging, creams and cosmetics, textiles for furniture and
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outdoor clothing, paints and photography, chrome plating, pesticides and pharmaceuticals. Very
limited information is available regarding which specific PFAS are used in which applications and at
what levels in Europe.

Box 1

PFAS are a group of organic chemicals that contain a stable (unreactive)
fluoro-carbon segment. Polyfluorinated PFAS contain both fluoro-carbon
and hydro-carbon segments where the non-fluorinated part can degrade
and ultimately form perfluorinated PFAS acids, such as PFOA and PFOS.
While the long-chain PFAS accumulate in humans, animals and
sediment/soil, the short-chain PFAS accumulate in the environment
(German EPA, 2017, 2018) due to their persistency and high mobility in air
and water. The OECD provides further information on groups of PFAS.

Why are PFAS a concern?

PFAS either are, or degrade to, persistent chemicals that accumulate in humans, animals and the
environment. This adds to the total burden of chemicals to which people are exposed (Evans et al.,
2016) and increases the risk of health impacts. Of the relatively few well-studied PFAS, most are
considered moderately to highly toxic, particularly for children’s development. Figure 1 summarises
current knowledge of the health impacts of PFAS.

Figure 1. Effects of PFAS on human health
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etal., (2013); Fenton et al., (2009); and White et al., (2011).

People most at risk of adverse health impacts are those exposed to high levels of PFAS, and
vulnerable population groups such as children and the elderly. Fewer studies have investigated
effects on biota (Land et al., 2018). Throughout life, people and animals accumulate PFAS in their
bodies. In 2018, the European Food Safety Authority (EFSA) re-evaluated the multiple lines of
evidence of PFOA and PFOS toxicities, which resulted in significantly lower provisional ‘safe’ limits,
known as the ‘tolerable weekly intake’ (TWI) (EFSA, 2018). The assessment concluded that a
considerable proportion of the European population is expected to exceed the TWI due to intake of
PFAS from food and drinking water.

Costs to society arising from PFAS exposure are high, with the annual health-related costs estimated
to be EUR 52-84 billion across Europe in a recent study (Nordic Council of Ministers, 2019). The
study notes that these costs are likely underestimated, as only a limited range of health effects (high
cholesterol, decreased immune system and cancer) linked to exposure to a few specific PFAS were
included in the estimates. In addition, PFAS pollution also affects ecosystems and generates costs
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through the need for remediation of polluted soil and water. Such costs are currently difficult to
assess since information on the number and scale of sites contaminated with PFAS in Europe and on
how PFAS impact ecosystems is lacking.

What are the main sources of environmental PFAS pollution?

= Production and use of PFAShave been the main sources of PFAS contamination over time
(Wang et al., 2014a, 2014b; Hu et al., 2016) for instance from fluoropolymer production
installations and from the use of PFAS-containing firefighting foams (Figure 1). Other sources
include PFAS produced and applied to textiles and paper and painting/printing facilities (Danish
EPA, 2014). Less is known about potential releases of PFAS from other uses such as oil
extraction and mining (Kissa, 2001), and the production of medical devices, pharmaceuticals and
pesticides (Krafft and Riess, 2015).

= PFAS in consumer products, such as textiles, furniture, polishing and cleaning agents and
creams, may contaminate dust and air, while food contact materials can contaminate food
(Nordic Council of Ministers, 2019; Danish EPA, 2018). Drugs and medical devices may be other
sources.

= Emissions to the environment occur via industrial waste water releases, as well as emissions to
air from industrial production sites followed by deposition onto soil and water bodies. Industrial
and urban waste water treatment plants are also a significant source of PFAS, via air, water and
sludge (Hamid, et al., 2016; Eriksson et al., 2017).

= Reuse of contaminated sewage sludge as fertilisers has led to PFAS pollution of soil (Ghisi et
al., 2019) and water in Austria, Germany, Switzerland and the US (Nordic Council of Ministers,
2019). The recycling of PFAS containing materials such as food contact materials and the
formation of volatile fluorinated gases during waste incineration (Danish EPA, 2019) are other
possible sources of PFAS pollution.

Where are PFAS found in Europe’s environment?

PFAS are ubiquitous in the aquatic environment and organisms (Valsecchi et al., 2013) across
Europe, and have been detected in air, soil, plants and biota (Houde et al., 2006). Areas around
industrial production, manufacturing and application sites have been found to be particularly
contaminated by PFAS. This has led to contaminated drinking water around factories in Belgium, Italy
and the Netherlands, and around airports and military bases in Germany, Sweden and the United
Kingdom (IPEN, 2018; Hu et al., 2016). The total number of sites potentially emitting PFAS is
estimated to be in the order of 100 000 in Europe (Nordic Council of Ministers, 2019).

Generally, regulated PFAS have been substituted with other short-chain and polymeric PFAS.

Publications > Emerging chemical risks in Europe — ‘PFAS’ > Emerging chemical risks in Europe — ‘PFAS’


https://www.solvay.com/en/chemical-categories/fluorine-chemicals/organic-fluorinated-compounds?utm_medium=social&utm_source=linkedin&utm_campaign=Tradeshows&utm_content=100001019221500&linkId=100000008875057
https://setac.onlinelibrary.wiley.com/doi/full/10.1002/etc.2663
https://pubs.acs.org/doi/10.1021/es052580b
http://norden.diva-portal.org/smash/get/diva2:1295959/FULLTEXT01.pdf
http://norden.diva-portal.org/smash/get/diva2:1295959/FULLTEXT01.pdf

Publications

Regrettably, several of these ‘novel’ PFAS and their short chain degradation products are also
persistent. In particular, short-chain PFAS accumulate in the environment and have been found to
contaminate surface, ground- and drinking water (Eschauzier et al., 2012; Sun et al., 2016; Gebbink
et al., 2017), and accumulate in plants (Ghisi et al., 2019), which may lead to increases in human
dietary exposure.

Novel PFAS are increasingly detected (Xiao, 2017) in European surface waters. PFAS water pollution
has been identified in countries across Europe, including Austria, Denmark, France, Germany, the
Netherlands and Sweden, as well as outside the EU. Several PFAS are sufficiently volatile to be
considered long-range transboundary air pollutants, implying that emissions outside Europe are
transported into Europe where they may accumulate in cold areas such as the Arctic (EEA, 2017).
The well-known and regularly monitored PFAS (mainly perfluorinated acids) account only for a
fraction of the chemical burden from PFAS present in human blood, the environment and wildlife
(Koch et al., 2019).

While both well-known and novel PFAS have been detected in drinking water in non-EU countries
(Xiao, 2017; Kaboré et al., 2018; Dauchy, 2019), at present there is little monitoring data available in
the EU for drinking water. A case study by the World Health Organization (WHO) documents the story
of PFAS contamination of the drinking water of 21 municipalities in the Veneto region of Italy.
Industrial activity in the area had polluted both surface waters and ground water, as well as the
drinking water of approximately 127 000 citizens (WHO, 2017). Monitoring conducted by the
authorities of the Veneto Region found PFOS in 63-100 % of the locations sampled and PFOA in

100 % of the sites.

For comparison, the European Commission proposed a limit value of 0.1 ug/L for each individual
PFAS in the 2018 recast of the EU Drinking Water Directive. This draft limit value was exceeded by a
factor of 130 for PFOS and 66 for PFOA in samples taken in the Veneto Region.

PFQOS and their derivatives are included as a priority hazardous substance under the EU Water
Framework Directive (EU, 2013), with a much lower Environmental Quality Standard (AA-EQS) limit
value of 0.65 ng/L (0.00065 pg/L) in inland surface waters and 0.13 ng/L in seawater. Member States
are due to report on compliance with the PFOS EQS by 2021. Samples taken in 2013 in Northern
Europe exceeded this EQS in 27 % of river sites and 94 % of Baltic Sea and Kattegat seawater
(Nguyen et al., 2017).

What are the main routes of human exposure to PFAS?

The main exposure pathways for human and environmental exposures are shown in Figure 2. For
the general population, PFAS sources include drinking water, food, consumer products and dust
(EFSA, 2018). In food, fish species at the top of the food chain and shellfish are significant sources of
PFAS exposure. Livestock raised on contaminated land can accumulate PFAS in their meat, milk and
eggs (Ingelido et al., 2018; Numata et al., 2014). Direct exposure may also come via skin creams and
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cosmetics (Danish EPA, 2018; Schultes et al., 2018) or via air from sprays and dust from PFAS-
coated textiles. There is little knowledge on uptake via skin and the lungs, which can be severely
affected by PFAS (Ngrgaard et al., 2010; Serli et al., 2020). Consumer exposure may also occur via
other routes such as via floor, wood, stone, and car polishing and cleaning products. Groups that
may be exposed to high concentrations of PFAS include workers and people eating or drinking water
and foods contaminated via PFAS treated food contact materials (Susmann et al., 2019). Though
PFAS are used in drugs and medical equipment, there is little information on exposure via these
routes.
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Figure 2: Typical PFAS exposure pathways
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PFAS are transferred in the womb from mother to child and unless exposure decreases with age, the
PFAS body burden increases due to bioaccumulation (Koponen et al., 2018). Evidence of internal
PFAS exposure in humans is available from several national human biomonitoring studies conducted
inside and outside Europe. Men generally have higher PFAS body burdens and serum levels
(Ingelido et al., 2018) because they excrete fewer PFAS. For the most regulated PFAS, such as
PFOA and PFOS, consistent declines have been observed over the past 10-20 years in Europe (e.g.
in Belgium, Denmark, Finland, Germany, Spain and Sweden). This decrease in levels in humans is
likely to result from reduced exposure as a result of regulatory and non-regulatory action on
consumer products, such as food contact materials (Susmann et al., 2019) and textiles (Greenpeace,
2017).
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Despite the decreases in long-chain PFAS levels in human blood, concentrations of PFOA and PFOS
measured in human blood still exceed the EFSA benchmark dose levels (known as BMDLS5). This is
particularly true for children and highly exposed sections of the European population (Buekers et al.,
2018). The BMDLS5 reflect the concentration in blood at which critical effects occur (cholesterol effects
for adults and immune-toxicity for children) and are the basis for the provisional TWIs for PFOA and
PFOS (EFSA, 2018).

The above mentioned human biomonitoring study in the Veneto Region investigated human
exposure to PFOA and PFOS in the period 2015-2016 among 257 Italian residents of contaminated
areas and 250 residents of background areas (Ingelido et al., 2018). The PFOA blood concentrations
of residents of contaminated areas were 9-64 times higher than those of the background population.
For PFOS, the levels were 1.4-1.6 times higher. Levels of PFOA in the highly exposed population
were 0.2 to 26 times greater than the EFSA BDML5, while for PFOS, the figure was 0.3-1.3 times. EU
research projects, such as Human Biomonitoring for Europe (HBM4EU) (Box 2), are currently
working to produce a representative picture of PFAS exposure for the European population, as well
as investigating links between exposure and health effects.

Box 2

The Human Biomonitoring for Europe (HBM4EU) initiative is a 5-year EU
Horizon 2020 research programme designed to translate human
biomonitoring science into policy-relevant knowledge. A main task within
the project is to generate representative chemical exposure data for the
European population through harmonised human biomonitoring. PFAS is
one of the 18 HBM4EU priority substance groups investigated by HBM4EU
to better understand exposure and effects on health.

How can consumers avoid PFAS?

It is difficult for citizens to totally avoid exposure to PFAS. Using PFAS-free personal care products
and cooking materials and avoiding direct contact with PFAS-containing products helps to reduce
exposure. Decreased exposure to PFAS may be achieved by using consumer products from green
labels and buying brands free from PFAS. General and specific guidance to consumers and business
on how to find PFAS-free alternatives is provided by consumer organisations and some national
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institutions (see Danish EPA, German EPA and Swedish KEMI).
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Decreased exposure to PFAS may be achieved by using consumer

products from green labels and buying brands free from PFAS
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What is being done in the EU and globally?

Measures to reduce PFAS pollution are in place, mainly addressing well-known PFAS substances
and their precursors. PFOS and PFOA are listed under Annex A of the Stockholm Convention on
persistent organic pollutants (POPs), implying that parties to the Convention should ‘eliminate the
production and use’ of the chemicals.

At EU level, PFOS is restricted under the EU POPs Regulation (EU, 2019). PFOA and its precursors
are currently restricted under the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH) regulation (EU, 2006), including their presence in products made or imported into the EU.
This will soon be replaced by a new restriction under the POPs Regulation, which will have more
limited derogations, following a decision taken at the Stockholm Convention.

A number of other PFAS are on the REACH list of Substances of Very High Concern (SVHCs). In
June 2019, GenX (a short-chain PFAS substitute for PFOA in fluoropolymer production) was the first
chemical added to the SVHC list on the basis of its persistent, mobile and toxic properties posing a
threat to drinking water and the environment. Several PFAS are on the Community Rolling Action
Plan for evaluation over the coming years. As mentioned above, PFOA and PFOS are priority
hazardous substances under the Water Framework Directive (EC, 2017; EU, 2000).

Across Europe, several countries have been active in monitoring PFAS in environmental media as
well as in humans and products. Some countries have set national limit values for water and soil
(Denmark, Germany, the Netherlands and Sweden), for textiles (Norway) and for food contact
materials (Denmark). Several EU Member States have set drinking water limits for specific PFAS and
for groups of PFAS (Dauchy, 2019). In June 2019, Denmark announced a ban on PFAS-treated food
contact materials, to enter into force in 2020.

Looking ahead

With more than 4 700 known PFAS, undertaking substance-by-substance risk assessments and
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comprehensive environmental monitoring to understand exposure would be an extremely lengthy
and resource-intensive process. As a result, complementary and precautionary approaches to
managing PFAS are being explored.

This includes the regulation of PFAS as a class, or as subgroups, based on toxicity or chemical
similarities. The proposal to establish a new ‘group limit’ value for PFAS of 0.5 ug/L, in addition to
limits for 16 individual PFAS of 0.1 pg/L in drinking water under the recast of the EU Drinking Water
Directive is currently under consideration at EU level. Such measures can be supported by cost-
effective and targeted monitoring of PFAS in the environment to provide early warning signals of
pollution.

In June 2019, the European Council of Ministers (EC, 2019) highlighted the widespread occurrence
of PFAS in the environment, products and people, and called for an action plan to eliminate all non-
essential uses of PFAS (Cousins et al., 2019).

The move towards zero pollution requires that product life cycles are made safer from the start
(Warner and Ludwig, 2016), based on the concept of safe-and-circular-by-design (van der Waals et
al., 2019). This approach offers opportunities to protect the health of Europe’s citizens and
environment at the same time as driving innovation for safer chemicals.

References

Kissa, E., 2001, ‘Fluorinated Surfactants and Repellents: Second Edition, Revised and Expanded Surfactant Science
Series. Volume 97, xiv + 616 pp, Marcel Dekker,New York. 2001, ISBN 0-8247-0472-X.", Journal of the American
Chemical Society 123(36), pp. 8882-8882 (DOI: 10.1021/ja015260a).

Barry, V., etal., 2013, ‘Perfluorooctanoic Acid (PFOA) Exposures and Incident Cancers among Adults Living Near a
Chemical Plant’, Environmental Health Perspectives 121(11-12), pp. 1313-1318 (DOI: 10.1289/ehp.1306615).

Buekers, J., etal., 2018, ‘Development of Policy Relevant Human Biomonitoring Indicators for Chemical Exposure in
the European Population’, International Journal of Environmental Research and Public Health 15(10), p. 2085 (DOI:
10.3390/ijerph15102085).

C8 Health Project Reports, 2012, ‘C8 Science Panel Website’ accessed 2 December 2019.

Cousins, I. T., et al., 2019, ‘The concept of essential use for determining when uses of PFASs can be phased out’,
Environmental Science: Processes & Impacts 21(11), pp. 1803-1815 (DOI: 10.1039/C9EM00163H).

Danish EPA, 2014, Screeningsundersggelse af udvalgte PFAS forbindelser som jord- og grundvandsforurening i
forbindelse med punktkilder, Miljgprojekt No 1600.

Danish EPA, 2018, Risk assessment of fluorinated substances in cosmetic products, Survey of chemical substances in
consumer products No 169, accessed 2 December 2019.

Danish EPA, 2019, Belysning af destruktion af visse POP-stoffer pa konventionelle affaldsforbreendingsanlaeg til

Publications > Emerging chemical risks in Europe — ‘PFAS’ > Emerging chemical risks in Europe — ‘PFAS’


https://www.consilium.europa.eu/media/40042/st10713-en19.pdf
http://www.c8sciencepanel.org/prob_link.html
https://www2.mst.dk/Udgiv/publikationer/2014/10/978-87-93178-96-0.pdf
https://mst.dk/service/publikationer/publikationsarkiv/2018/nov/risk-assessment-of-fluorinated-substances-in-cosmetic-products/
https://www2.mst.dk/Udgiv/publikationer/2019/07/978-87-7038-072-0.pdf

Publications

forbreending af hovedsageligt ikkefarligt og forbraendingsegnet affald, No 2085, accessed 2 December 2009.

Dauchy, X., 2019, ‘Per- and polyfluoroalkyl substances (PFASs) in drinking water: Current state of the science’, Current
Opinion in Environmental Science & Health 7, pp. 8-12 (DOI: 10.1016/j.coesh.2018.07.004).

EC, 2017, Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the quality of
water intended for human consumption (recast), COD No 0332, accessed 2 December 2019.

EC, 2019, Towards a Sustainable Chemicals Policy Strategy of the Union - Council conclusions (10713/19).

EEA, 2017, The Arctic Environment, European perspectives on a changing Arctic, Publication No 7, accessed 2
December 2019.

EFSA, 2018, Risk to human health related to the presence of perfluorooctane sulfonic acid and perfluorooctanoic acid
in food, accessed 2 December 2019.

Eriksson, U., etal., 2017, ‘Contribution of precursor compounds to the release of per- and polyfluoroalkyl substances
(PFASs) from waste water treatment plants (WWTPs)’, Journal of Environmental Sciences (China) 61, pp. 80-90 (DOI:
10.1016/}.jes.2017.05.004).

Eschauzier, C., etal., 2012, ‘Impact of Treatment Processes on the Removal of Perfluoroalkyl Acids from the Drinking
Water Production Chain’, Environ. Sci. Technol. 46(3), pp. 1708-1715 (DOI: 10.1021/es201662b).

EU, 2000, Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a
framework for Community action in the field of water policy (327).

EU, 2006, Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 December 2006
concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), establishing a
European Chemicals Agency, amending Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93
and Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission Directives
91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC (OJ L).

EU, 2013, Directive 2013/39/EU of the European Parliament and of the Council of 12 August 2013 amending
Directives 2000/60/EC and 2008/105/EC as regards priority substances in the field of water policy (Text with EEA
relevance). (2013/39/EU).

EU, 2019, Regulation (EU) 2019/1021 of the European Parliament and of the Council of 20 June 2019 on persistent
organic pollutants (Text with EEA relevance.) (OJ L).

Evans, R. M., etal., 2016, ‘Should the scope of human mixture risk assessment span legislative/regulatory silos for
chemicals?’, Science of The Total Environment 543, pp. 757-764 (DOI: 10.1016/j.scitotenv.2015.10.162).

Fenton, S. E., etal., 2009, ‘Analysis of PFOA in dosed CD-1 mice. Part 2. Disposition of PFOA in tissues and fluids from
pregnant and lactating mice and their pups’, Reproductive Toxicology (Elmsford, N.Y.) 27(3-4), pp. 365-372 (DOI:
10.1016/j.reprotox.2009.02.012).

Gebbink, W. A, etal., 2017, ‘Presence of Emerging Per- and Polyfluoroalkyl Substances (PFASSs) in River and
Drinking Water near a Fluorochemical Production Plant in the Netherlands’, Environmental Science & Technology
51(19), pp. 11057-11065 (DOI: 10.1021/acs.est.7b02488).

German EPA, 2017, Protecting the sources of our drinking water from mobile chemicals, Umweltoundesamt, accessed
2 December 2019.

German EPA, J., 2018, ‘PFC-Planet: Chemikalien in der Umwelt’, Umweltbundesamt, accessed 2 December 2019.

Ghisi, R., etal., 2019, ‘Accumulation of perfluorinated alkyl substances (PFAS) in agricultural plants: A review’,

Publications > Emerging chemical risks in Europe — ‘PFAS’ > Emerging chemical risks in Europe — ‘PFAS’


https://ec.europa.eu/environment/water/water-drink/pdf/revised_drinking_water_directive.pdf
https://www.eea.europa.eu/publications/the-arctic-environment
https://www.efsa.europa.eu/en/efsajournal/pub/5194
https://www.umweltbundesamt.de/en/publikationen/protecting-the-sources-of-our-drinking-water-from
https://www.umweltbundesamt.de/themen/pfc-planet-chemikalien-in-der-umwelt

Publications

Environmental Research 169, pp. 326-341 (DOI: 10.1016/j.envres.2018.10.023).
Greenpeace, 2017, PFC Revolution in the Outdoor Sector, accessed 2 December 2019.

Hamid, H. and Li, L., 2016, ‘Role of wastewater treatment plant (WWTP) in environmental cycling of poly- and
perfluoroalkyl (PFAS) compounds’, Ecocycles 2(2) (DOI: 10.19040/ecocycles.v2i2.62).

Houde, M., et al., 20086, ‘Biological Monitoring of Polyfluoroalkyl Substances: A Review’, Environmental Science &
Technology 40(11), pp. 3463-3473 (DOI: 10.1021/es052580b).

Hu, X. C., etal., 2016, ‘Detection of Poly- and Perfluoroalkyl Substances (PFASs) in U.S. Drinking Water Linked to
Industrial Sites, Military Fire Training Areas, and Wastewater Treatment Plants’, Environmental Science & Technology
Letters 3(10), pp. 344-350 (DOI: 10.1021/acs.estlett.6b00260).

Ingelido, A. M., et al., 2018, ‘Biomonitoring of perfluorinated compounds in adults exposed to contaminated drinking
water in the Veneto Region, ltaly’, Environment International 110(October 2017), pp. 149-159 (DOI:
10.1016/j.envint.2017.10.026).

IPEN, 2018, Fluorine-free firefighting foams (3F) viable alternatives to fluorinated aqueous film-forming foams (AFFF),
Independent Expert Panel Convened by IPEN Stockholm Convention POPRC-14 Rome.

Kaboré, H. A, et al., 2018, ‘Worldwide drinking water occurrence and levels of newly-identified perfluoroalkyl and
polyfluoroalkyl substances’, Science of The Total Environment 616-617, pp. 1089-1100 (DOI:
10.1016/j.scitotenv.2017.10.210).

Koch, A., etal., 2019, ‘Towards a comprehensive analytical workflow for the chemical characterisation of
organofluorine in consumer products and environmental samples’, TrAC Trends in Analytical Chemistry (DOI:
10.1016/j.trac.2019.02.024).

Koponen, J., etal., 2018, ‘Longitudinal trends of per- and polyfluoroalkyl substances in children’s serum’, Environment
International 121, pp. 591-599 (DOI: 10.1016/j.envint.2018.09.006).

Krafft, M. P. and Riess, J. G., 2015, ‘Per- and polyfluorinated substances (PFASs): Environmental challenges’, Current
Opinion in Colloid & Interface Science 20(3), pp. 192-212 (DOI: 10.1016/j.cocis.2015.07.004).

Land, M., etal., 2018, ‘What is the effect of phasing out long-chain per- and polyfluoroalkyl substances on the
concentrations of perfluoroalkyl acids and their precursors in the environment? A systematic review’, Environmental
Evidence 7(1), p. 4 (DOI: 10.1186/s13750-017-0114-y).

Nguyen, M. A,, etal., 2017, ‘Spatial distribution and source tracing of per- and polyfluoroalkyl substances (PFASSs) in
surface water in Northern Europe’, Environmental Pollution 220, pp. 1438-1446 (DOI: 10.1016/j.envpol.2016.10.089).

Nordic Council of Ministers, 2019, The cost of inaction - A socioeconomic analysis of environmental and health
impacts linked to exposure to PFAS, TemaNord No 516.

Negrgaard, A. W., et al., 2010, ‘Lung Damage in Mice after Inhalation of Nanofilm Spray Products: The Role of
Perfluorination and Free Hydroxyl Groups’, Toxicological Sciences 116(1), pp. 216-224 (DOI: 10.1093/toxsci/kfq094).

Numata, J., et al., 2014, ‘Toxicokinetics of Seven Perfluoroalkyl Sulfonic and Carboxylic Acids in Pigs Fed a
Contaminated Diet’, Journal of Agricultural and Food Chemistry 62(28), pp. 6861-6870 (DOI: 10.1021/jf405827u).

OECD, 2018, ‘About PFASs - OECD Portal on Per and Poly Fluorinated Chemicals’, accessed 2 December 2019.

Schultes, L., et al., 2018, ‘Per- and polyfluoroalkyl substances and fluorine mass balance in cosmetic products from the
Swedish market: implications for environmental emissions and human exposure’, Environmental Science: Processes
& Impacts 20(12), pp. 1680-1690 (DOI: 10.1039/C8EMO0368H).

Publications > Emerging chemical risks in Europe — ‘PFAS’ > Emerging chemical risks in Europe — ‘PFAS’


https://storage.googleapis.com/planet4-international-stateless/2017/02/432f4056-pfc-revolution-in-outdoor-sector.pdf
https://ipen.org/sites/default/files/documents/IPEN_F3_Position_Paper_POPRC-14_12September2018d.pdf
http://norden.diva-portal.org/smash/get/diva2:1295959/FULLTEXT01.pdf
https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/aboutpfass/

Publications

Sorli, J. B., etal., 2020, ‘Per- and polyfluoroalkyl substances (PFASs) modify lung surfactant function and pro-
inflammatory responses in human bronchial epithelial cells’, Toxicology in vitro: an international journal published in
association with BIBRA 62, p. 104656 (DOI: 10.1016/j.tiv.2019.104656).

Sun, M., etal., 2016, ‘Legacy and Emerging Perfluoroalkyl Substances Are Important Drinking Water Contaminants in
the Cape Fear River Watershed of North Carolina’, Environmental Science & Technology Letters 3(12), pp. 415-419
(DOI: 10.1021/acs.estlett.6b00398).

Susmann, H. P, etal., 2019, ‘Dietary Habits Related to Food Packaging and Population Exposure to PFASs’,
Environmental Health Perspectives 127(10), p. 107003 (DOI: 10.1289/EHP4092).

US National Toxicology Program, 2016, Toxicological Profile for Perfluoroalkyls, accessed 2 December 2019.

Valsecchi, S., et al., 2013, ‘Determination of perfluorinated compounds in aquatic organisms: a review’, Analytical and
Bioanalytical Chemistry 405(1), pp. 143-157 (DOI: 10.1007/s00216-012-6492-7).

van der Waals, J., et al., 2019, Safe-by-design for materials and chemicals, Zenodo, accessed 2 December 2019.

Wang, Z., et al., 2014a, ‘Global emission inventories for C4-C14 perfluoroalkyl carboxylic acid (PFCA) homologues
from 1951 to 2030, Part |: production and emissions from quantifiable sources’, Environment International 70, pp. 62-
75 (DOI: 10.1016/j.envint.2014.04.013).

Wang, Z., et al., 2014b, ‘Global emission inventories for C4—-C14 perfluoroalkyl carboxylic acid (PFCA) homologues
from 1951 to 2030, part Il: The remaining pieces of the puzzle’, Environment International 69, pp. 166-176 (DOI:
10.1016/j.envint.2014.04.006).

Warner, J. C. and Ludwig, J. K., 2016, ‘Rethink how chemical hazards are tested’, Nature News 536(7616), p. 269
(DOI: 10.1038/536269a).

White, S. S., etal., 2011, ‘Gestational and chronic low-dose PFOA exposures and mammary gland growth and
differentiation in three generations of CD-1 mice’, Environmental Health Perspectives 119(8), pp. 1070-1076 (DOI:
10.1289/ehp.1002741).

WHO, 2017, Keeping our water clean: the case of water contamination in the Veneto Region, Italy, accessed 2
December 2019.

WHO IARC, 2017, Some Chemicals Used as Solvents and in Polymer Manufacture,.

Xiao, F., 2017, ‘Emerging poly- and perfluoroalkyl substances in the aquatic environment: A review of current
literature’, Water Research 124, pp. 482-495 (DOI: 10.1016/j.watres.2017.07.024).

Identifiers

Briefing no. 12/2019

Title: Emerging chemical risks in Europe — ‘PFAS’

PDF TH-AM-19-014-EN-N - ISBN 978-92-9480-196-8 - ISSN 2467-3196 - doi: 10.2800/486213
HTML TH-AM-19-014-EN-Q - ISBN 978-92-9480-195-1 - ISSN 2467-3196 - doi: 10.2800/02904

Publications > Emerging chemical risks in Europe — ‘PFAS’ > Emerging chemical risks in Europe — ‘PFAS’


https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=1117&tid=237
https://zenodo.org/record/3254382#.XeU6KYNKiUl
http://www.euro.who.int/__data/assets/pdf_file/0019/341074/pfas-report-20170606-h1330-print-isbn.pdf?ua=1

Publications

Published on 12 Dec 2019

Publications > Emerging chemical risks in Europe — ‘PFAS’ > Emerging chemical risks in Europe — ‘PFAS’



