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1 — Summary
This report reviews available scientific literature on the chemical impact on workers and local
communities from the use of toxic per- and polyfluorinated alkylated substances (PFASs) in textile
production. There are around 4,000 PFASs in existence. Several environmental organisations have
called for the entire group of substances to be banned in ordinary consumer products because
they are not readily degradable synthetic chemicals which spread quickly in nature and can be
ingested by humans and animals through food, drink and air/dust 1. We currently have some
information about certain PFASs such as PFOA and PFOS, but we do not know enough about the
health and environmental effects of the rest of the large group of PFASs.
PFASs are widely used to create water and dirt-repellent textiles, and a considerable proportion of
PFAS emissions occur during the manufacture of textile chemicals and textiles, usually in countries
in the south. 74% (in volume) of all clothing imported to Norway in 2018 came from Asia. As many
as 40% of imports came from China, while 14% came from Bangladesh. Norway also imports
clothing from Malaysia, Turkey, Pakistan, India, Vietnam and Cambodia 2. Workers and local
communities bear an enormous burden in the form of pollutants affecting humans, groundwater,
crops and air.
Some articles have identified a high incidence of PFASs in textile factories and their immediate
environment. However, there have been remarkably few studies carried out into PFAS exposure
amongst factory workers. The fact that few studies have been conducted into the chemical impact
on workers in factories using PFASs in textile production is worrying. It means that Norwegian
retailers lack information about how PFAS exposure affects workers in the factories where their
goods are being manufactured. The lack of studies reflects a shift of the retailers’ responsibilities
downwards in the supplier chain and the fact that it is workers and local communities in the south
who are left to carry the burden on the back of the textile industry’s profits. Future in Our Hands’s
review of articles on the chemical impact on workers and local communities from toxic PFASs in
textile manufacturing has resulted in some alarming findings.
At a Chinese chemical factory supplying PFAS mixtures to the textile industry it was discovered
that the groundwater and surface water contain what is described as the “world’s highest levels” of
the harmful PFAS compound PFOA 3. Agricultural products and drinking water near the same
factory were also examined, and their PFAS levels were found to pose an unacceptable health risk,
especially to children 4. Similar indications of extensive PFAS contamination were found at other
Chinese chemical factories 5. There are around a dozen such large production plants in China,
many of them established in the last few years. Using manufacturing figures and water sampling,
1 For examples, see Future in Our Hands https://www.framtiden.no/aktuelt/miljogifter/fakta-om-miljogiftige-fluorkarboner-pfas.html and Stiftelsen
Miljømerket Svanen http://www.svanemerket.no/aktuelt/nyheter/kampen-mot-pfas/
2 The import of clothing to Norway has been concentrated to fewer countries, and China accounts for a declining proportion of import volumes. In 2018 a
total of 40% of clothing imports in terms of volume came from China. 14% came from Bangladesh, and 5% came from the Netherlands, Malaysia and
Turkey respectively. The rest came from Sweden, Pakistan, India, Vietnam and Cambodia in descending order: https://www.virke.no/tjenester/rapporteranalyse/rapporter/import-av-klar-til-norge/
3 Liu et al. (2016) Risk assessment and source identification of perfluoroalkyl acids in surface and ground water: Spatial distribution around a megafluorochemical industrial park, China. Envir. Int. 91, 69–77: https://www.sciencedirect.com/science/article/pii/S0160412016300563
4 Liu et al. (2017) Crop bioaccumulation and human exposure of perfluoroalkyl acids through multi-media transport from a mega fluorochemical industrial
park, China. Environ Int. 2017 May 27;106:37–47: https://www.sciencedirect.com/science/article/pii/S0160412017303756
5 Wang et al. (2014) Occurrence and transport of 17 perfluoroalkyl acids in 12 coastal rivers in south Bohai coastal region of China with concentrated
fluoropolymer facilities. Environmental Pollution 190:115–122 https://www.sciencedirect.com/science/article/pii/S0269749114001213 and Bao et al.
(2011) Perfluorinated compounds in the environment and the blood of residents living near fluorochemical plants in Fuxin, China. Environ. Sci. Technol.
2011, 45, 8075–8080 https://pubs.acs.org/doi/10.1021/es102610x
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one of the studies estimates that as much as 30% of the world’s PFOA emissions could come from
just one of these PFAS industry clusters 6. The emissions are also spread through the air from these
industrial regions 7.
There is limited documentation of the chemical impact on workers from the use of PFASs in textile
manufacturing. Textile workers may be exposed to high levels of vaporisation at many of the
production stages in the manufacturing process. Two recent scientific articles describe readings of
the blood of textile workers and indoor air in textile manufacturing plants in China. Both show
significant elevated concentrations of PFAS 8. At the same textile factory in China the families of
workers exposed to PFASs were also found to be absorbing excess amounts of PFASs. It is thought
that the substances are passed on to the families through cooking and indoor contact with PFAScontaminated hands and clothes 9. Dust pollution is a known problem in these factories. Reduced
lung function has been identified in many textile workers, although the direct cause is not clear 10.
Male infertility rates are another phenomenon in China’s footwear manufacturing district, and
PFASs are one of several suspected contributing chemical factors 11. A scientific article from 2017
found a link between PFASs and disrupted thyroid hormones in the wider south Chinese
population 12.
A study examining vaporisation of the most volatile PFAS varieties (known as fluorotelomer
alcohols or FTOHs) from recently purchased clothing from European retailers found that as much
as 70% of the substances vaporises into the air in just five days 13. The only study to date on air
quality in a Chinese factory found that FTOH levels in parts of the premises were more than 100
times higher than the highest reading made in a sports shop and as much as 100,000 higher than
what the wider Western population is exposed to. The combined PFAS concentrations in the air in
the production plant were as much as 200 times higher than normal. The study also found that the
harmful PFOA substance was a major component in the workers’ overall exposure 14.
In November 2018 the European Food Safety Authority (EFSA) published an updated risk
assessment of PFOS and PFOA and set new, provisional and markedly lower tolerances for the
substances 15. The EU’s assertiveness on this issue indicates that PFASs are more harmful than
previously thought 16. Because of the strict regulations on the use of PFOA in the EU, some
manufacturers are switching to shorter-chain PFASs. These substances may be slightly less toxic,
but there is little documentation of their impact on health and the environment. They may cause
some of the same negative effects as PFOA, and in order to achieve the same water and greaserepellent properties, the manufacturers have to use larger quantities of these substances 17. A
major dietary study conducted in China in 2017 issues a stark warning about the health risks to the
6 Shi et al. (2015). Characterizing direct emissions of perfluoroalkyl substances from ongoing fluoropolymer production sources: A spatial trend study of
Xiaoqing River, China https://www.sciencedirect.com/science/article/pii/S0269749115003280
7 Yao et al. (2017) Per- and poly-fluoroalkyl substances (PFASs) in the urban, industrial, and background atmosphere of Northeastern China coast around
the Bohai Sea: Occurrence, partitioning, and seasonal variation, Atmospheric Environment 167:150–158
https://www.sciencedirect.com/science/article/pii/S1352231017305289
8 Lu et al. (2014) PFAS in blood of textile workers and barbers Perfluorinated compounds in blood of textile workers and barbers. Chinese Chemical
Letters 25 (2014) 1145–1148 https://www.sciencedirect.com/science/article/pii/S1001841714001119
9 Fu et al. (2015) Elevated levels of perfluoroalkyl acids in family members of occupationally exposed workers: the importance of dust
transfer. Scientific Reports. https://www.nature.com/articles/srep09313
10 Lai et al. (2013) Long term respiratory health effects in textile workers: Curr Opin Pulm Med. March ; 19(2): 152–157.
http://europepmc.org/articles/PMC3725301
11Zhang et al. (2011) Perfluorinated chemicals in blood of residents in Wenzhou, China. Ecotoxicology and Environmental Safety 74: 1787–1793
https://www.sciencedirect.com/science/article/pii/S0147651311001242
12 Li, Y. et al. (2017) Perfluorinated alkyl substances in serum of the southern Chinese general population and potential impact on thyroid hormones. Sci.
Rep. 7, 43380 https://www.nature.com/articles/srep43380
13 Lassen et al. (2015) Polyfluoralkylforbindelser (PFAS) i tekstiler til børn, Danish Environmental Protection Agency, report no. 136:
https://docplayer.dk/10606118-Polyfluoralkylforbindelser-tekstiler-til-boern-kortlaegning-af-kemiske-stoffer-i-forbrugerprodukter.html
14 Heydebreck et al. (2016) Emissions of Per- and Polyfluoroalkyl Substances in a Textile Manufacturing Plant in China and Their Relevance for Workers’
Exposure. Environ. Sci. Technol: 10386−10396 https://pubs.acs.org/doi/10.1021/acs.est.6b03213
15 EFSA: http://www.efsa.europa.eu/sites/default/files/scientific_output/efs2_5194_Rev5.pdf
16 EFSA: http://www.efsa.europa.eu/en/press/news/181213
17 The Nordic Swan label: http://www.svanemerket.no/aktuelt/nyheter/kampen-mot-pfas/
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local population in a region with a significant PFAS industry. The study points especially to the fact
that the new short-chain PFASs – often described as being more harmless substitutions for PFOSs
and PFOAs – account for 90% of the health risk and thus pose an unknown additional risk on top of
the known hazardous substances PFOS and PFOA to the population living near the place of
manufacture 18.
PFASs are still being used in dirt, grease and water-repellent clothing as well as a number of other
products sold on the Norwegian market. In tests carried out in 2017 and 2018 Future in Our Hands
found PFASs in food packaging 19, cosmetics 20, products aimed at children 21 and ski wax 22. The
levels of PFAS found in finished products such as jackets, shoes etc. are usually not high enough to
pose a health risk to the consumer, but the substances vaporise during use, washing and finally
disposal, thus contributing to overall PFAS exposure in society. The risk is posed by the
accumulation of PFASs in the environment, and many of the compounds represent an
unacceptable risk of secondary exposure by both humans and animals through the food chain,
water, air and dust.
Banning the entire group of per- and polyfluoroalkyl substances (PFASs) and finding safe
substitutes would be the most effective way of improving the working environment for textile
workers and the local environment near the factories. Such a move would also help reduce global
emissions and downstream exposure over the products’ lifetime. Many large international chains
are also aiming to go PFAS-free by 2020 23. Recent scientific articles suggest that dirt-repellency is
the only remaining argument for continuing to use PFAS coatings since the substitute substances
have satisfactory water-repellent qualities. The researchers assert that the continued use of PFASs
for all kinds of textiles is unnecessary over-engineering 24.
Protective equipment – in particular masks fitted with charcoal filters – should be made obligatory
until manufacturers phase out PFASs from the production line. It would protect the working
environment for those working with PFAS substances since inhalation is thought to be the most
likely impact 25. It is unclear whether textile workers in China and other Asian manufacturing
countries have access to protective equipment such as supplied-air respirators in their factories.
To ascertain whether they do, the product brands must inspect the factories of both their suppliers
and their subcontractors.

18 Zhang, Vestergren, Herzke et al (2017) Geographical Differences in Dietary Exposure to Perfluoroalkyl Acids between Manufacturing and Application
Regions in China. Environ. Sci. Technol. 51, 5747−5755:https://pubs.acs.org/doi/full/10.1021/acs.est.7b00246
19 Future in Our Hands: https://www.framtiden.no/201711287233/aktuelt/forbruk/miljoskadelige-fluorstoffer-i-fastfoodemballasje.html
20 Future in Our Hands: https://www.framtiden.no/gronne-tips/fritid/er-det-miljogifter-i-kosmetikken-din.html
21 Future in Our Hands: https://www.framtiden.no/gronne-tips/klar/test-hvilke-barneprodukter-inneholder-miljogifter.html
22 Future in Our Hands: https://www.framtiden.no/201704077135/aktuelt/swix-sprer-miljogifter-i-skisporet.html
23 Including Nike, Adidas, Puma, H&M, M&S, C&A, Li-Ning, Zara, Mango, Esprit, Levi's, Uniqlo, Benetton, Victoria's Secret, G-Star Raw Valentino, Coop,
Canepa, Burberry. Primark: https://www.greenpeace.org/archive-international/en/campaigns/detox/water/detox/intro/
24 Hill et al 2017 Substitution of PFAS chemistry in outdoor apparel and the impact on repellency performance. Chemosphere 181.
https://www.sciencedirect.com/science/article/pii/S0045653517306598
25 Agency for Toxic Substances and Disease Registry (ATSDR): https://www.atsdr.cdc.gov/pfas/index.html
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2 — Introduction
Of the various harmful substances that can be found in consumer products on the Norwegian
market, per- and polyfluorinated alkylated substances (PFASs) are amongst the most urgently
earmarked for phase-out. There are around 4,000 PFASs in existence. PFASs are not
manufactured in Norway. All PFASs are imported,
either in the form of industrial chemical products
or as components in processed consumer
products 26. Several environmental organisations
have called for the entire group of substances to
be banned in ordinary consumer products
because they are not readily degradable synthetic
chemicals which spread quickly in nature and can
How we absorb PFOA and
be ingested by humans and animals 27. We
PFOS:
currently do not know enough about the overall
impact of the large group of PFASs, either long- Drinking water and food,
chained or short-chained.
especially seafood
Water and dirt-repellent textiles are a key area of
application for PFASs, but consumers are given
little information about which products contain
the substances. Studies carried out in Norway and
neighbouring countries have found that most
brands of outdoor wear contain PFASs. PFASs can
also be found in cotton anoraks, puddle suits,
prams and pram hoods, footwear, blinds,
furniture fabrics and a range of preservatives 28. In
tests carried out in 2017 and 2018 Future in Our
Hands found PFASs in food packaging, cosmetics,
products aimed at children and ski wax.

- Through the umbilical cord and
breast milk
- Dust (outdoor and indoor)
- When touching surfaces or
products containing PFOA/PFOS
- Ski wax
Source: Norwegian Institute of
Public Health

26 Norwegian Institute of Public Health 13.12.2018: https://www.fhi.no/ml/miljo/miljogifter/fakta/fakta-om-pfos-og-pfoa/
27 For examples, see Future in Our Hands https://www.framtiden.no/aktuelt/miljogifter/fakta-om-miljogiftige-fluorkarboner-pfas.html and Stiftelsen
Miljømerket Svanen http://www.svanemerket.no/aktuelt/nyheter/kampen-mot-pfas/
28 Lassen et al. (2015) Polyfluoralkylforbindelser (PFAS) i tekstiler til børn, Danish Environmental Protection Agency, report no. 136:
https://docplayer.dk/10606118-Polyfluoralkylforbindelser-tekstiler-til-boern-kortlaegning-af-kemiske-stoffer-i-forbrugerprodukter.html og Gremmel et
al 2016 Systematic determination of perfluoroalkyl and polyfluoroalkyl substances (PFASs) in outdoor jackets. Chemosphere 160: 173–180:
https://www.sciencedirect.com/science/article/pii/S0045653516308013
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PFAS emissions have a serious impact on the environment
PFASs spread easily over long distances with ocean and air currents and have been
identified in large parts of the world, including in the Arctic region. PFASs have been
found in fish, birds and polar bears. Norwegian studies show that the accumulated
levels of PFASs in earthworms, moss, polar bears and human blood are equivalent
to or higher than the levels of other known pollutants such as PCB. There are higher
concentrations of PFASs in predators at the top of the food chain. The problem with
PFASs is that they are pollutants which take a long time to break down once they are
released into the environment. Many of them can accumulate in living organisms and
be harmful to the environment, animals and humans. Studies of animals have shown
that the substances can cause damage to the liver, foetuses and the immune system
in the event of long-term or repeated exposure. Some substances may also be
causing cancer. (Source: Miljøstatus.no)

PFAS substances more damaging to health
than first thought
The PFAS compounds we know the most about are PFOSs and PFOAs. Both substances break
down very slowly both in nature and in the human body, and they may be damaging to health.
In November 2018 the European Food Safety Authority (EFSA) published an updated risk
assessment of PFOS and PFOA and set new, provisional and markedly lower tolerances for the
substances 29. The EFSA reassessment was the result of a review of data from 35 different dietary
studies looking at concentrations of PFOAs and PFOSs in the blood of Europeans. Several
Norwegian studies were included in the European review, and concentrations were at the same
levels as in the rest of Europe 30.
In its assessment EFSA concludes that there is a likely causality between PFOS and PFOA
exposure and elevated cholesterol levels in adults. Liver function can also be affected, and the
substances can impact the efficacy of vaccinations in children. There are also studies which show
that PFOS and PFOA exposure increases the risk of infection and affects the immune system. High
concentrations of these substances also appear to lead to slightly lower birth weight in babies 31.
29 EFSA: http://www.efsa.europa.eu/sites/default/files/scientific_output/efs2_5194_Rev5.pdf
30 Poothong et al. 2017: https://reference.medscape.com/medline/abstract/29056041
and Haug et al. 2011: https://www.duo.uio.no/bitstream/handle/10852/12717/dravhandling-haug.pdf?sequence=3
31 Norwegian Institute of Public Health 13 December 2018: https://www.fhi.no/ml/miljo/miljogifter/fakta/fakta-om-pfos-og-pfoa/
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There are also concerns over whether the substances can cause testicular and kidney cancers,
obesity and bowel disease 32. EFSA also studied a number of other health effects but did not find
sufficient scientific evidence to be able to draw further conclusions on the health effects of PFOAs
and PFOSs at this point in time 33.
In 2018 on the basis of the assessment EFSA set new provisional weekly tolerances for PFOA and
PFOS intake. The new provisional tolerable intakes are considerably lower than the old limits set
by EFSA in 2008 34. The reason why they are provisional is that EFSA will consider introducing
combined tolerable intakes for multiple PFAS substances in 2019 35. The EU’s assertiveness on this
issue indicates that PFASs are more harmful than previously thought and that the only way to
reduce the risk to humans, animals and the environment in the long term is to ban all PFASs in
common consumer products as a precaution.

Acute emissions from Fagernes Airport in Valdres
The Norwegian Environment Agency has detected alarmingly high levels of PFASs in
Lake Tyrifjorden, one of Norway’s largest lakes. Following EFSA’s new risk
assessment, in February 2018 the Norwegian Food Safety Authority issued a warning
not to eat fish from Lake Leirin (including Lake Kalken) and Lake Sustjern near
Fagernes Airport in Valdres. The fish and water in Lake Kalken were found to
contain significantly higher levels of PFOS than other surveyed locations, and the
Food Safety Authority is also warning people not to eat meat or drink milk from
grazing animals that have drunk water from Lake Kalken. The cause of the acute
contamination was the past use by Fagernes Airport of firefighting foam containing
the perfluorinated compounds PFOS and PFOA. PFOS was phased out of firefighting
foam in 2001, while PFOA is thought to have been phased out in 2011.
Sources: Norwegian Environment Agency and Avinor.no

32 Norwegian Environment Agency 13 December 2016: http://www.miljodirektoratet.no/no/Nyheter/Nyheter/2016/Desember-2016/Skadelig-fluorstoffblir-forbudt-i-Europa/
33
EFSA: http://www.efsa.europa.eu/sites/default/files/scientific_output/efs2_5194_Rev5.pdf
34 In 2008 the tolerance was set to 150 ng/kg of body weight per day for PFOSs and 1,500 ng/kg of body weight per day for PFOAs. The new provisional
limits are 13 ng/kg of body weight per week for PFOSs and 6 ng/kg of body weight per week for PFOAs. The new provisional tolerances are significantly
lower than the old limits and aim to provide safe levels for all population groups, including vulnerable groups such as foetuses and breastfeeding babies.
The new PFOS and PFOA tolerances have been set per week to take into account the fact that the substances accumulate in the body over time.
35 EFSA 13 December 2018: http://www.efsa.europa.eu/en/press/news/181213
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Current regulations on PFOS and PFOA
PFOS and PFOA have water, stain and grease-repellent properties and are used in the
manufacture of certain types of food packaging, textile coatings (e.g. sportswear and curtains),
cleaning products, cosmetics, paints and varnishes, firefighting foam and ski wax.
PFOS: A ban on PFOS and certain substances capable of forming PFOS has been in place in the EU
since 2008 36. PFOS and substances that can be converted into PFOS are also regulated in large
parts of the world through the Stockholm Convention37.
PFOA: PFOA and certain substances capable of forming PFOA have been banned in Norway since
2014. The Norwegian Environment Agency worked with the German authorities to successfully
impose an EU ban on PFOA and substances that degrade to form PFOA under the REACH
chemical regulations 38. The new prohibition comes into force in July 2020 and includes more
substances and lower threshold values than the existing Norwegian threshold values. From July
2020 it is no longer permitted to manufacture, import and sell products containing more than 25
ppb PFOA in Norway and the EU 39.
PFOS and PFOA are therefore strictly regulated and now barely used by Western manufacturers.
The PFOA ban comes into force in 2020 and then only in the EU/EEA. Although the ban is likely to
help cut the use of PFOA in the manufacture of consumer goods due for export outside the EU, the
ban only applies to the end product. If we are to completely eliminate PFOA and other PFASs, the
substance should be banished from the entire manufacturing process, including the raw materials
phase. In light of this, a ban on PFOAs in the end product alone provides very limited protections
for those working in the manufacture of consumer goods containing PFOA. The EU Commission
has recommended that PFOA be included in the international Stockholm Convention 40.

Manufacturing countries bear the brunt of
the burden
PFASs are widely used to create water and dirt-repellent textiles, and most PFAS emissions occur
during the manufacture of textile chemicals and textiles, usually in countries in the south. A report
by trade union Virke on the import of clothing to Norway in the period 2012–2018 shows that 74%
of imports of clothing in volume (tonnes) to Norway in 2018 came from Asia. 40% of imports came
from China, while 14% came from Bangladesh. Norway also imports clothing from Malaysia,
Turkey, Pakistan, India, Vietnam and Cambodia 41. Workers and local communities bear the
greatest burden in the form of pollutants affecting humans, groundwater, crops and air.

36 The EU regulation on PFOS: https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1523958164029&uri=CELEX:32011R0207
37 The Stockholm Convention: http://chm.pops.int/Convention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx
38 EU regulation of 13 June 2017: https://eur-lex.europa.eu/legal-content/DA/TXT/PDF/?uri=CELEX:32017R1000&from=EN
39 Norwegian Environment Agency November 2018: http://www.miljodirektoratet.no/no/Nyheter/Nyheter/2018/November-2018/Miljoskadelige-stofferi-kosmetikk--og-kroppspleieprodukter-blir-forbudt/
40 Norwegian Environment Agency December 2016: http://www.miljodirektoratet.no/Documents/EU-referater/REACH%20og%20CLP/071216_REACHkomiteen.pdf
41 The import of clothing to Norway has been concentrated to fewer countries, and China accounts for a declining proportion of import volumes. In 2018 a
total of 40% of clothing imports in terms of volume came from China. 14% came from Bangladesh, and 5% came from the Netherlands, Malaysia and
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The levels found in finished products such as jackets, shoes etc. are usually not high enough to
make them dangerous to use, but the substances vaporise during use, washing and finally disposal,
thus contributing to the overall PFAS exposure in society. The risk is posed by the accumulation of
PFASs in the environment, and many of the compounds represent an unacceptable risk of
secondary exposure by both humans and animals through the food chain, water, air and dust.
Because of the ban on PFOAs in the EU, some manufacturers are switching to shorter-chain
PFASs.
Such substances may be slightly less toxic, but there is little documentation of their effects, and in
order to achieve the same water and grease-repellent properties, the manufacturers have to use
larger quantities of these substances 42. Emissions of PFASs from the textile production line into the
working environment and local community have attracted little attention to date, and Future in Our
Hands therefore wanted to investigate further. This report summarises existing literature on PFAS
contamination in countries Norway imports a considerable amount of textiles from, especially
China.
We have looked at available information about:
→

PFAS exposure amongst workers during the manufacture of both textiles and textile
chemicals.

→

PFAS emissions into the local community near the factories.

Turkey respectively. The rest came from Sweden, Pakistan, India, Vietnam and Cambodia in descending order: https://www.virke.no/tjenester/rapporteranalyse/rapporter/import-av-klar-til-norge/
42 The Nordic Swan label: http://www.svanemerket.no/aktuelt/nyheter/kampen-mot-pfas/
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3—
Methodology
Literature searches on PFAS exposure in the factory environment and the local community near
textile factories and other PFAS producers were carried out in 2018. Keyword searches were
performed of scientific literature and of the source references provided in relevant articles.
Searches were performed using the scientific search engines Pubmed, ISI Web of Science and
Google Scholar.
Examples of keyword searches:
“Perfluorinated compound, Blood, Worker/Industrial/Employee”
“Perfluorinated compound / PFOS, PFOA, Exposure/Occupational exposure”
“PFAS textile workers”, “PFC Textile”, “PFAS”, “Perfluorinated and/or textile”, “worker health”,
“pulmonary health”.
Searches were also performed on the websites of the following well known manufacturers of
textiles with perfluorinated membranes:
Scotchguard
Teflon
Nanotex
GreenShield
Lurotex
Crypton
Gore-Tex
Dermizax
Proretex
Particular attention was paid to information about working conditions. Search words included: C8,
C6, technology name, data sheet + technology name, PFCs, PFAS, PFOS, PFCs + workers
Based on the companies’ own factory lists, we have drawn up a map showing the locations of
factories supplying a handful of well known Norwegian brands whose garments contain PFAS. The
map can be viewed at https://bit.ly/2uwgkyf
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The websites of NGOs and human rights organisations were also checked for relevant reports, and
some of the organisations were asked by email whether they have access to information about
PFAS exposure by Asian textile workers.
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4 – Results and
discussion
The bulk of the production chain for PFAS-coated outdoor wear on sale in Norway is outside
Norway and the Nordic region. This is clearly demonstrated by the map below, in which we have
used available supplier lists to plot factories supplying brands such as Stormberg, Bergans,
Norrøna etc. Most of the factories supplying the above-mentioned retailers are located in China.
The map does not provide a complete overview of factories supplying Bergans and Norrøna, as no
address was given for several of the suppliers.
In the past the PFAS chemicals used in textile manufacturing in Asia would often come from
European and American suppliers. Now much of the production of textile chemicals has been
moved to China and other Asian countries. A number of chemical factories known to be
manufacturing PFAS mixtures for the textile industry and certain areas with high-level PFAS
contamination have also been plotted.

Screenshot: Factory map for Future in Our Hands 2018. The locations of factories supplying a selection of Norwegian clothing brands. Two brands are
displayed in this picture. The online version can be viewed at https://bit.ly/2uwgkyf
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Lack of transparency around manufacturers’
names
Most scientific articles and official reports on PFAS readings in specific products and locations
anonymise the manufacturer’s name. This makes it difficult to verify and independently interpret
the results and represents an insufficiently accountable practice which stands in stark contrast to
the fact that many clothing chains now disclose their factory lists and publish inspection reports on
both products and factories. Yet in terms of concrete findings of adverse chemicals, the links to
the manufacturer are being obscured. The few studies we are aware of on PFASs in textile
factories in China also tone down occupational exposure and risk during the manufacture of PFAScoated textiles more than is strictly necessary.

Evidence of PFAS exposure by workers in
Chinese textile factories
There is limited documentation of the chemical impact on workers and local communities from the
use of PFAS in textile manufacturing. Only very recently were two scientific articles published
which contain readings of the blood of textile workers and indoor air in textile manufacturing
plants in China. Both show significant elevated concentrations of PFAS. It is important to include
the emissions from the chemical mixtures used in textile manufacturing when examining textile
production and overall emissions from clothing. Findings from studies in this field indicate that the
textile manufacturing industry may have a serious PFAS problem.
The main routes for PFASs entering the body are food, drink and air/dust. The textile
manufacturing process involves several stages of production where workers may be at high risk
from chemical vaporisation 43. Dust pollution is another known problem in these factories. Reduced
lung function has been identified in many textile workers, although the direct cause is not clear 44.
Male infertility rates are another phenomenon in China’s footwear manufacturing district, and
PFASs are one of several suspected contributing chemical factors 45. A scientific article from 2017
found a link between PFASs and disrupted thyroid hormones in the wider south Chinese
population 46.
Norway’s National Institute of Occupational Health has identified lung damage and other health
issues in people who have worked with PFAS chemicals without using protective equipment. On a
general basis the institute therefore recommends personal protective equipment such as suppliedair respirators 47. It is unclear whether all textile workers in China and other Asian manufacturing
countries have access to such protective equipment in their factories. To ascertain whether they
43 Heydebreck et al. (2016) Emissions of Per- and Polyfluoroalkyl Substances in a Textile Manufacturing Plant in China and Their Relevance for Workers’
Exposure. Environ. Sci. Technol. 2016, 50, 10386−10396 https://pubs.acs.org/doi/10.1021/acs.est.6b03213
44 Lai et al. (2013) Long term respiratory health effects in textile workers: Curr Opin Pulm Med. March ; 19(2): 152–157.
http://europepmc.org/articles/PMC3725301
45 Zhang et al. (2011) Perfluorinated chemicals in blood of residents in Wenzhou, China. Ecotoxicology and Environmental Safety 74: 1787–1793
https://www.sciencedirect.com/science/article/pii/S0147651311001242
46 Li, Y. et al. (2017) Perfluorinated alkyl substances in serum of the southern Chinese general population and potential impact on thyroid hormones. Sci.
Rep. 7, 43380
47 Email to Future in Our Hands from the National Institute of Occupational Health January 2018.
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do, the product brands must inspect the factories of both their suppliers and their subcontractors.
Generally speaking, workers’ rights are weaker in China, and free trade unions are not common48.
The only available study on the indoor climate in a Chinese textile factory, published in 2016,
describes the ventilation system in the factory but does not mention other protective equipment. In
fact, the study calculates the impact on workers directly from the PFAS values measured in the
indoor air 49.
An article from 2014 describes somewhat elevated levels of PFAS in the blood of workers at a
Chinese textile factory 50. The factory is likely to be using some PFAS chemicals in its production,
but the article does not provide information about which types of textiles it produces. At the same
textile factory in China the families of workers exposed to PFASs were also found to be absorbing
excess amounts of PFASs. It is thought that the substances are passed on to the families through
cooking and indoor contact with PFAS-contaminated hands and clothes 51.
Some studies suggest that the storage and use of large quantities of PFAS-coated garments in a
single location such as a clothes shop or school changing rooms combined with poor ventilation
will result in high PFAS levels in the air. A study examining vaporisation of the most volatile PFAS
varieties (known as fluorotelomer alcohols or FTOHs) from recently purchased clothing from
European retailers found that as much as 70% of the substances vaporises into the air in just five
days 52. This rapid vaporisation suggests that garments coming straight off the production line –
such as those in interim storage at a production plant, for instance – could emit far higher
quantities of PFAS and are thus highly likely to exceed the safe levels for workers in the plant if
there is insufficient ventilation or protective equipment. The only study to date on air quality in a
Chinese factory found that FTOH levels in parts of the premises were more than 100 times higher
than the highest reading made in a sports shop and as much as 100,000 higher than what the wider
Western population is exposed to. The combined PFAS concentrations in the air in the production
plant were as much as 200 times higher than normal. The study also found that the harmful PFOA
substance was a major component in the workers’ overall exposure 53.
The general impact on the groundwater and soil in the immediate environment around the
chemical and textile factories comes on top of the occupational exposure sustained by the workers
and their families. There is scientific literature on PFAS emissions to the local environment near
chemicals factories.

48 These are two articles describing the absence of trade unions, as we interpret the concept, in China:
http://www.dw.com/en/labor-rights-movements-gaining-momentum-in-china/a-18959557
http://www.law.nyu.edu/news/ideas/cynthia-estlund-china-labor-law
49 Lai et al. (2013) Long term respiratory health effects in textile workers: Curr Opin Pulm Med. March ; 19(2): 152–157.
http://europepmc.org/articles/PMC3725301.
50 Lu et al. (2014) PFAS in blood of textile workers and barbers Perfluorinated compounds in blood of textile workers and barbers. Chinese Chemical
Letters 25 (2014) 1145–1148 https://www.sciencedirect.com/science/article/pii/S1001841714001119
51 Fu et al. (2015) Elevated levels of perfluoroalkyl acids in family members of occupationally exposed workers: the importance of dust
transfer. Scientific Reports. https://www.nature.com/articles/srep09313
52 Lassen et al. (2015) Polyfluoralkylforbindelser (PFAS) i tekstiler til børn, Danish Environmental Protection Agency, report no. 136:
https://docplayer.dk/10606118-Polyfluoralkylforbindelser-tekstiler-til-boern-kortlaegning-af-kemiske-stoffer-i-forbrugerprodukter.html
53 Heydebreck et al. (2016) Emissions of Per- and Polyfluoroalkyl Substances in a Textile Manufacturing Plant in China and Their Relevance for Workers’
Exposure. Environ. Sci. Technol. 2016, 50, 10386−10396 https://pubs.acs.org/doi/10.1021/acs.est.6b03213
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PFAS emissions from chemical and textile
factories in China
Acute contamination of the local environment has been discovered at factories that produce PFAS
chemicals in many places in the world, including in Italy, China and the US 54. In Norway
groundwater and rivers have been contaminated as a result of textile production at the now
defunct Helly Hansen plant in Østfold 55. Excessive levels of PFAS have also been detected in waste
water from a Swedish and an Austrian textile factory 56. In China, too, there is evidence of
emissions from textile factories filtering into the groundwater 57. In these cases workers may have
been overexposed to PFASs.
Around half of all chemicals in the world are thought to be used for textile production58. In the US
contamination of the local community near a chemical factory producing chemical mixtures
containing PFASs has been linked to an increase in cancer cases, amongst other things 59. At a
Chinese PFAS chemical factory said to be supplying the textile industry it was discovered that the
groundwater and surface water contain what is described as the “world’s highest levels” of the
harmful PFAS compound PFOA 60. Agricultural products and drinking water from the same location
were also analysed, and their PFAS levels were found to pose an unacceptable health risk,
especially to children 61. Similar indications of extensive PFAS emissions were found at other
Chinese PFAS chemical factories 62. There is thought to be around a dozen such large production
plants in China, many of them established in the last few years. Using manufacturing figures and
water sampling, one of the studies estimates that as much as 30% of the world’s PFOA emissions
could come from just one of these PFAS industry clusters 63. The emissions are also spread through
the air from these industrial regions 64.
The Chinese population’s exposure to PFASs has risen sharply in the past few decades, having
previously been lower than in countries such as the US. The highest exposure levels are found in
industrial regions, and the textile industry is named as one potential PFAS source. Work is ongoing

54 Greenpeace (2016) PCF pollution Hotspots Report: https://www.greenpeace.org/archive-international/en/publications/Campaign-reports/Toxicsreports/PFC-Pollution-Hotspots/ and The Intercept, Sept 2016, Teflon toxin goes to China: https://theintercept.com/2016/09/15/the-teflon-toxin-goesto-china/
55 M.C., Børresen, M.H., Schlabach, M. et al. (2010) J Soils Sediments 10: 179: https://link.springer.com/article/10.1007/s11368-009-0172-z
56 Clara et al. (2008) Emissions of perfluorinated alkylated substances (PFAS) from point sources – identification of relevant branches. Water Science &
Technology: 58: https://iwaponline.com/wst/article-abstract/58/1/59/14706/Emissions-of-perfluorinated-alkylated-substances?redirectedFrom=fulltext
57
Greenpeace (2011) Dirty Laundry – Unravelling the corporate connections to toxic water pollution in China:
https://www.greenpeace.org/international/publication/7168/dirty-laundry/
58
McKinsey (2016) https://www.mckinsey.com/business-functions/sustainability/our-insights/style-thats-sustainable-a-new-fast-fashion-formula
59
Vieira et al. (2013) Perfluorooctanoic acid exposure and cancer outcomes in a contaminated community: a geographic analysis. Environ Health Perspect.
121(3):318–23: https://ehp.niehs.nih.gov/doi/10.1289/ehp.1205829
60
Liu et al. (2016) Risk assessment and source identification of perfluoroalkyl acids in surface and ground water: Spatial distribution around a megafluorochemical industrial park, China. Envir. Int. 91, 69–77: https://www.sciencedirect.com/science/article/pii/S0160412016300563
61
Liu et al. (2017) Crop bioaccumulation and human exposure of perfluoroalkyl acids through multi-media transport from a mega fluorochemical industrial
park, China. Environ Int. 2017 May 27;106:37–47: https://www.sciencedirect.com/science/article/pii/S0160412017303756
62
Wang et al. (2014) Occurrence and transport of 17 perfluoroalkyl acids in 12 coastal rivers in south Bohai coastal region of China with concentrated
fluoropolymer facilities. Environmental Pollution 190:115–122 https://www.sciencedirect.com/science/article/pii/S0269749114001213 and Bao et al.
(2011) Perfluorinated compounds in the environment and the blood of residents living near fluorochemical plants in Fuxin, China. Environ. Sci. Technol.
2011, 45, 8075–8080 https://pubs.acs.org/doi/10.1021/es102610x
63 Shi et al. (2015). Characterizing direct emissions of perfluoroalkyl substances from ongoing fluoropolymer production sources: A spatial trend study of
Xiaoqing River, China: https://www.sciencedirect.com/science/article/pii/S0269749115003280
64 Yao et al. (2017) Per- and poly-fluoroalkyl substances (PFASs) in the urban, industrial, and background atmosphere of Northeastern China coast around
the Bohai Sea: Occurrence, partitioning, and seasonal variation, Atmospheric Environment 167:150-158:
https://www.sciencedirect.com/science/article/pii/S1352231017305289
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to interpret the “chemical fingerprints” of various common industrial PFAS mixtures. Textile
coatings are also mentioned as a likely source in this context 65.
A major dietary study from China in 2017 compares the local population’s PFAS exposure from
food in a region with a large chemical PFAS manufacturing industry and another region with a large
PFAS application industry such as textile production. The study warns strongly of the health risk to
the population in the region with extensive chemical PFAS manufacturing 66. The study points
especially to the fact that the new short-chain PFASs – often cited as harmless substitutions for
PFOSs and PFOAs – account for 90% of the health risk and thus pose an unknown additional risk
on top of the known hazardous substances PFOS and PFOA to the population living near the place
of manufacture.

Comparison of PFOA levels in Norway and
China
Measured levels of PFAS exposure will vary considerably for a variety of reasons, including
measuring methods. It is therefore not easy to compare the results of different surveys. In the
table below we have compared findings from articles measuring PFOA exposure in China and
Norway. As mentioned previously, PFOA is a component used in textile coatings. It has been
banned in Norway since 2014 due to the environmental and health risks it poses. PFOA is also one
of the compounds for which a threshold level has been set (far-right column).
The findings in the table are only intended as an example in order to illustrate some of the
differences in PFAS exposure and emissions between countries that import consumer products
and those that manufacture them. The findings are not directly comparable, therefore, since the
readings were taken at different times using different measuring and calculation methods. Yet they
do provide some indications.
The comparison shows that PFOA exposure is high and comparable for those working directly with
PFAS substances, be it in Norway (e.g. ski waxers 67) or in China (e.g. textile workers 68). When it
comes to samples from the local environment (groundwater and surface water at an old Helly
Hansen factory in Norway 69 compared with groundwater and surface water samples from a
Chinese PFAS chemical factory 70), the situation as regards PFOA contamination is decidedly worse
in China. Contamination from PFAS production will affect a much larger number of people in
China than in Norway since China accounts for most of the production of PFAS chemicals and
other PFAS-related industries such as textiles.

65 Li et al. (2011) Serum levels of perfluorinated compounds in the general population in Shenzhen, China. Chinese Sci Bull October (2011) Vol. 56 No. 28–
29: https://link.springer.com/article/10.1007%2Fs11434-011-4616-7
66 Zhang, Vestergren, Herzke et al (2017) Geographical Differences in Dietary Exposure to Perfluoroalkyl Acids between Manufacturing and Application
Regions in China. Environ. Sci. Technol. 51, 5747−5755:https://pubs.acs.org/doi/full/10.1021/acs.est.7b00246
67 Freberg et al. (2009), Kjemisk eksponering og effekter på luftveiene blant profesjonelle skismørere:
https://brage.bibsys.no/xmlui/bitstream/handle/11250/288235/stamirapporter_109.pdf?sequence=1&isAllowed=y
68Lu et al. (2014) PFAS in blood of textile workers and barbers Perfluorinated compounds in blood of textile workers and barbers. Chinese Chemical
Letters 25 (2014) 1145–1148 https://www.sciencedirect.com/science/article/pii/S1001841714001119
69 M.C., Børresen, M.H., Schlabach, M. et al. (2010) J Soils Sediments 10: 179: https://link.springer.com/article/10.1007/s11368-009-0172-z
70 Liu et al. (2016) Risk assessment and source identification of perfluoroalkyl acids in surface and ground water: Spatial distribution around a megafluorochemical industrial park, China. Envir. Int. 91, 69–77: https://www.sciencedirect.com/science/article/pii/S0160412016300563
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Norway
What is
being
Location
measured?*
Groundwater 1.4 µg/l 71

Surface
water

Indoor air
(house dust)

Blood
(serum)

China
Background level Location

Background
level

N/A

N/A

Average concentrations
in groundwater near a
defunct Helly Hansen
textile factory.
0.3 µg/l 75
N/A
Single sample from a
stream near the Helly
Hansen textile factory.

15,000–36,000 ng/g 79

5–40ng/g 80

Median value to
maximum value
measured in ski wax
dust in waxing cabin.

Range of average
readings from two
studies on house
dust in 2007
(highest) and 2016
(lowest) in Norway.
2.7 ng/ml 84

50–57 ng/ml
Median value over two
seasons for ski waxers.
174 ng/ml 83
Max. value for ski
waxers.

2009 average for
the general
Norwegian
population.

240 µg/l 72
Max. value of 37
groundwater
samples at PFAS
chemicals factory.

Range of max
values between
workshops 1 and 2
in textile factory
dust.
5 ng/ml
average value and
11 ng/ml 85
maximum value for
textile factory
workers.

Ecological quality
0.5 μg/l 73
0.04 µg/l 74
Drinking water

1,700 µg/l 76
N/A
Max. values of ten
surface water
samples at PFAS
chemicals factory.
4.5 µg/l 77
Max. values of 35
samples in 12
different rivers
near PFAS
chemical factory.
10,000–155,000
ng/g 81

Recommended
level

205 ng/g 82

Drinking water
0.04 µg/l
Ecological quality
Norway and EU
9.1 µg/l 78

N/A

Average of 28
samples of house
dust taken in a
number of
locations in
China.
1.8 ng/ml 87
N/A
average in 2017
for the general
Chinese
population.

9 ng/ml 86
average value and
118 ng/ml max.
value for shoe
factory workers.

71 M.C., Børresen, M.H., Schlabach, M. et al. (2010) J Soils Sediments 10: 179.
72 Liu et al. (2016) Risk assessment and source identification of perfluoroalkyl acids in surface and ground water: Spatial distribution around a megafluorochemical industrial park, China. Envir. Int. 91, 69–77.
73 http://www.miljodirektoratet.no/old/klif/publikasjoner/2722/ta2722.pdf
74M.C., Børresen, M.H., Schlabach, M. et al. (2010) J Soils Sediments 10: 179.
75 Analysis report 2007 Country Governor of Østfold: Helly Hansen site, Moss
76 Liu et al. (2016) Risk assessment and source identification of perfluoroalkyl acids in surface and ground water: Spatial distribution around a megafluorochemical industrial park, China. Envir. Int. 91, 69–77: https://www.sciencedirect.com/science/article/pii/S0160412016300563
77 Wang et al. (2014) Occurrence and transport of 17 perfluoroalkyl acids in 12 coastal rivers in south Bohai coastal region of China with concentrated
fluoropolymer facilities. Environmental Pollution 190:115–122.
78 Ecological quality ratios for PFOA, cf. the Water Framework Directive.
79 Freberg et al. (2009), Chemical exposure among professional ski waxers.
80 Bohlin-Nizzetto et al. 2015. PFASs in house dust. Norwegian Environment Agency, M-430.
81 Heydebreck et al. (2016) Emissions of Per- and Polyfluoroalkyl Substances in a Textile Manufacturing Plant in China and Their Relevance for Workers’
Exposure. Environ. Sci. Technol. 2016, 50, 10386−10396.
82 Zhang et al. 2010 Perfluorochemicals in Meat, Eggs and Indoor Dust in China(…)ENVIRONMENTAL SCIENCE & TECHNOLOGY 44:9.
83 Freberg et al. (2009), Chemical exposure among professional ski waxers.
84 Poothong et al. 2017.
85
Lu et al. (2014) PFAS in blood of textile workers and barbers Perfluorinated compounds in blood of textile workers and barbers. Chinese Chemical
Letters 25 (2014) 1145–1148.
86
Zhang et al. (2011) Perfluorinated chemicals in blood of residents in Wenzhou, China. Ecotoxicology and Environmental Safety 74: 1787–1793.
87
Li, Y. et al. (2017) Perfluorinated alkyl substances in serum of the southern Chinese general population and potential impact on thyroid hormones. Sci.
Rep. 7, 43380
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* The findings in the table a re not comparable because t he samples were taken at different times using different
measuring and calculation methods. The table only provi des a summary of available data on PFOA exposure in
Norway and China.
The µg/l unit represents mic rograms per litre, the ng/g u nit is nanograms per gramme when measuring dust
particles, and the ng/ml uni t represents nanograms per millilitre used for blood sam ples.

Lack of information about PFAS exposure and
protective equipment in textile factories
Few NGOs and human rights organisations have published reports on working conditions and the
use of PFASs in the textile industry in Asia. The International Labour Organisation (ILO) refers to its
guidelines on handling chemicals in the workplace. The guidelines state that workers should have
the right to use protective equipment 88. We have not found any descriptions of what kind of
protective equipment the textile industry uses when workers are exposed to PFASs either in the
scientific studies or in other available information examined when preparing this report. Protective
equipment is a simple measure to reduce workers’ exposure to PFASs since inhalation is
considered the most likely way of absorbing them 89.
The websites of the manufacturers we studied do not contain any information about adverse
consequences for their workers. 3M refers to its own studies which do not mention any negative
impact on workers exposed to PFASs 90. BigSky, which supplies GreenShield, comes close to
recognising that there is a problem for workers in the textile industry by publishing an external
statement in its news section in which PFASs are mentioned as a working environment issue 91.
In recent years manufacturers have largely switched to so-called C6 technologies (short-chain
PFASs) as a replacement for longer-chain PFASs. PFAS-free solutions for textile treatment do
exist, including from Teflon and Nanotex. Some manufacturers have launched PFAS-free
alternatives. Gore-Tex has opted to distinguish between different PFASs and phase out those it
considers to be harmful to the environment.
Greenpeace is the environmental organisation that has been the most vocal about the use of PFASs
in recent years. Its reports do not focus directly on workers in the textile industry, however. In
terms of textiles, Greenpeace has primarily focused on outdoor wear. A one-sided focus on
outdoor wear could overshadow other textile uses: insulated jackets, children’s outdoor suits,
cheap waterproofs, play tents, camping tents etc. Any product that would benefit from a dirt and
water-repellent surface may have been coated with PFASs. It is not clear exactly how much of the
world’s outdoor wear is coated with PFASs. Other textiles such as car interiors, awnings, carpets,
sofas etc. are also coated with PFASs. Outdoor wear is only a small part of the problem
surrounding PFASs, therefore92.

88 ILO, Safety in the use of chemicals at work, side 39: http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/--safework/documents/normativeinstrument/wcms_107823.pdf
89 Agency for Toxic Substances and Disease Registry (ATSDR) link: https://www.atsdr.cdc.gov/pfas/index.html
90 3M: https://www.3m.com/3M/en_US/sustainability-us/policies-reports/3m-and-fluorochemicals
91 GreenShield: https://greenshieldfinish.com/sustainability-and-performance-in-textiles-can-you-have-it-all/
92
Vestergren et al. (2015) Are imported consumer products an important diffuse source of PFASs to the Norwegian environment? Environmental Pollution
198: 223–230: https://www.sciencedirect.com/science/article/pii/S026974911400534X
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Conclusion and recommendations
In November 2018 the European Food Safety Authority (EFSA) published an updated risk
assessment of PFOS and PFOA and set new, provisional and markedly lower tolerances for the
substances. The EU’s assertiveness on this issue indicates that PFASs are more harmful than first
thought. Some manufacturers are switching to shorter-chain PFASs, but there is still limited
information about the impact on health and the environment of the switch. The widespread use of
PFASs globally means the substances have been found all over the world, including in the Arctic.
The substances are very persistent and will remain in nature for decades, perhaps even hundreds
of years, before decomposing. The cost and work involved in cleaning contaminated soil and
groundwater are very high, and the impact on animals and humans exposed to high doses is
severe. The most vulnerable are workers in factories manufacturing PFAS chemicals and in other
industries where PFASs are being used as well as their families and local residents living near these
factories. We now know a great deal more about the harmful effects of some of the long-chain
PFASs. We know far less about thousands of PFAS substances that have yet to be studied for
human exposure. For that reason there is cause for concern, both because the documentation and
knowledge of overall PFAS exposure is limited and because what we do know suggests that many
people are being exposed to dangerously high doses of PFASs in their work.
Protective equipment, especially masks fitted with charcoal filters, is an essential tool to protect
the working environment where PFAS substances are involved. Recent scientific articles suggest
that dirt-repellency is the only remaining argument for continuing to use PFAS coatings since the
substitute substances have satisfactory water-repellent qualities. Many researchers assert that the
continued use of PFASs for all kinds of textiles is unnecessary over-engineering 93.
Finding good substitutes and phasing out per- and polyfluoroalkyl substances (PFASs) is the most
effective – and in fact the only – way of improving the working environment and local communities
of textile workers. Such a move would also help reduce global emissions and downstream
exposure over the products’ lifetime. Many large international chains are also aiming to go entirely
PFAS-free by 2020 94.

93

Hill et al 2017 Substitution of PFAS chemistry in outdoor apparel and the impact on repellency performance. Chemosphere 181:
https://www.sciencedirect.com/science/article/pii/S0045653517306598
94
Greenpeace Detox campaign https://www.greenpeace.org/archive-international/en/campaigns/detox/water/detox/intro/ and Jack Wolfskin
https://www.jack-wolfskin.co.uk/pfc/
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