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1 Searching for Clues

Searching for Clues

Outdoor brands and their suppliers rely
upon stunning natural images of lonely,
pristine mountain lakes and remote snowy
mountain ranges climbed by famous outdoor adventurers1 for their advertising. Yet
the chemicals used to make their products
weatherproof are leaving an indelible footprint in the remote mountainous regions
so loved by outdoor enthusiasts.
To search for clues about the extent that
these chemicals are contaminating these
pristine environments, Greenpeace undertook eight expeditions to remote mountainous areas on three continents. Snow, and

PFC in an outdoor-jacket

How a jacket is put together – and where the
PFCs are

inner layer
lining

middle layer

outer layer

waterproof
finishing with per- and
PFC-membrane
polyfluorinated chemicals
(Polytetrafluoroethylene,
(PFCs)
PTFE)

in some places water samples, were taken
at a total of 10 locations and analysed for
the presence of environmentally hazardous per- and poly-fluorinated chemicals
(PFCs).
An array of scientific studies suggests that
the PFC problem is nowhere near to being
solved.2 Greenpeace now wants to raise
awareness among outdoor enthusiasts and
the wider public with this unique, globally
organized study tour.
PFCs are used in many industrial processes and consumer products, and are
well known for their use by the outdoor
apparel industry in waterproof and dirtrepellent finishes. They are used for their
unique chemical properties, especially
their stability and their ability to repel
both water and oil.
However, PFCs are environmentally hazardous substances, which are persistent in
the environment.3 Once released into the
environment they break down very slowly;
they can remain in the environment for
many years after their release and are
dispersed over the entire globe. These pollutants are found in secluded mountain
lakes and snow from remote locations,
they accumulate in living organisms such
as the livers of polar bears in the Arctic
and also in human blood. 4 For some PFCs
there is evidence that they cause harm
to reproduction, promote the growth of
tumors and affect the hormone system.
Previous Greenpeace research found
PFCs in the wastewater of Chinese textile
factories,5 in wild fish that are caught for
consumption in China6 and in eels from
eleven European countries.7 In other studies PFCs were even detected in drinking
water.8, 9 In reports from 2012 and 201310, 11, 12

1		 W. L. Gore & Associates GmbH (2014). GORE
FABRICS RESPONSIBILITY Update http://www.
gore-tex.com/remote/Satellite?blobcol=urldat
a&blobheader=application%2Fpdf&blobkey=i
d&blobtable=MungoBlobs&blobwhere=128938
8191609&ssbinary=true
2		 See box 3, Footprints in the snow
3		 OECD (2013). Synthesis Paper On Per- and Polyfluorinated Chemicals (PFCs) http://www.oecd.
org/env/ehs/risk-management/PFC_FINALWeb.pdf
4		 OECD (2013), op.cit.
5		 Greenpeace (2011). Investigation of hazardous
chemical discharges fromtwo textile-manufacturing
facilities in China http://www.greenpeace.to/
greenpeace/wp-content/uploads/2011/07/
Textilemanufacture_China.pdf
6		 Greenpeace (2010). Swimming in Chemicals,
Perfluorinated chemicals, alkylphenols and metals
in fish from the upper, middle and lower sections of
the Yangtze River, China, 25 August, 2010
		http://www.greenpeace.org/international/en/
publications/reports/Swimming-in-Chemicals/
7		 Santillo, D., Allsopp, M., Walters, A., Johnston, P. &
Perivier, H. (2006)The presence of PFOS and other
perfluorinated chemicals in eels (Anguilla anguilla)
from 11 European countries. Greenpeace Research
Laboratories Technical Note07/2006, September
2006
		http://www.greenpeace.to/
greenpeace/?p=789
8		 Wilhelm et al (2012). Occurrence of perfluorinated
compounds (PFCs) in drinking water of North
Rhine-Westphalia, Germany and new approach to
assess drinking water contamination by shorterchained C4-C7 PFCs, Int J Hyg Environ Health.
2010 Jun; 213(3):224-32
9		 OECD (2013), op.cit.
10 Greenpeace e.V. (2012). Chemistry for any weather,
Greenpeace tests outdoor clothes for perfluorianted toxins, October 2012 http://www.greenpeace.
org/romania/Global/romania/detox/Chemistry%20for%20any%20weather.pdf
11 Greenpeace e.V. (2013). Chemistry for any weather,
Part II, Executive Summary, December 2013
http://m.greenpeace.org/italy/Global/italy/
report/2013/toxics/ExecSummary_Greenpeace%20Outdoor%20Report%202013_1.pdf
12 Greenpeace e.V. (2014). A red card for sportswear
brands, Greenpeace tests shoes in the prerun of
World Champion Ship, May 2014 http://www.
greenpeace.org/international/Global/international/publications/toxics/2014/Detox-Football-Report.pdf
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Greenpeace found that PFCs are routinely
present in outdoor clothing and shoes and
showed that volatile PFCs can evaporate
from these products into the air.

1 “Long-chain perfluorinated compounds” refers to
Perfluorocarboxylic acids (PFAC) with carbon chain
lengths C8 and higher, including perfluorooctanoic
acid (PFOA); Perfluoroalkyl sulfonates (PFAS) with
carbon chain lengths C6 and higher, including
perfluorohexane sulfonic acid (PFHxS) and perfluorooctane sulfonate (PFOS)
		 from: http://www.oecd.org/ehs/pfc
		 this definition implies:
		 short chain Perfluorocarboxylic acids are compounds with chain length C7 (PFHpA) and shorter
		 short chain Perfluorosulfonic acids are compounds
with chain length C5 (PFPeS) and shorter
2 https://www.patagonia.com/pdf/en_US/pfoa_
and_flourochemicals.pdf
3		 German Federal Environment Agency (Umweltbundesamt, 2009): Do Without Per- And
Polyfluorinated Chemicals And Prevent Their
Discharge Into The Environment, p. 11 https://
www.umweltbundesamt.de/sites/default/files/
medien/publikation/long/3818.pdf
4 German Federal Environment Agency (Umweltbundesamt, 2009):,op.cit.
5 Busch J.(2009): Analysis of poly- and perfluorinated
compounds (PFCs) in landfill effluent using HPLCMS/MS, GKSS report, Helmholtz-Gesellscahft,
Geesthacht 2009
6 German Federal Environment Agency (Umweltbundesamt, 2009):op.cit The development of cell
tumours has been observed in animal tests.
7 Madrid Statement (2015) http://greensciencepolicy.org/madrid-statement/
		 The Madrid Statement is based on: M. Scheringer,
X. Trier, I. Cousins, P. de Voogt, T. Fletcher e,
Z. Wang, T. Webster: Helsingør Statement on
poly- and perfluorinated alkyl substances (PFASs),
Chemosphere, Volume 114, November 2014,
Pages 337–339, http://www.sciencedirect.
com/science/article/pii/S004565351400678X
8 Liu C, Chang VW, Gin KY, Nguyen VT (2014):
Genotoxicity of perfluorinated chemicals (PFCs) to
the green mussel (Perna viridis), Sci Total Environ.
2014 Jul 15;487:117-22
9		 Li L, Liu J, Hao X, Wang J, Hu J (2015). Forthcoming increase of total PFAS emissions in China,
Poster at Fluoros 2015 International Symposium on
Fluorinated Organics in the Environment, Colorado
2015
10 Madrid Statement ( 2015). Op.cit.
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In this new study, Greenpeace finds that
these hazardous chemicals have left their
mark in the most remote and pristine
places on earth. Traces of PFCs were found
in snow samples from all sites that the
Greenpeace teams visited. They are present in the snow that fell last winter, as well
as in water from mountain lakes where
these substances have accumulated over
several years. Amongst the PFCs detected,
samples from all sites contained so-called
short chain PFCs1 – increasingly used by
many outdoor brands as if they were less
harmful instead of long chain PFCs.2 PFCs
were found not only in snow but also in
water samples that were collected from
high mountain lakes in all but one of the
areas visited.
The outdoor industry is not the only
source of PFCs, but is a very visible example of how PFCs are used and can be a
source of contamination of the environment. These substances can be released
during manufacturing, transport, storage
and use of the chemicals themselves and
the products that contain them. They can
be present in wastewater from factories
but also from domestic washing
machines;3 not all PFCs can be removed
from wastewater in sewage treatment
plants.4 Some PFCs have the potential to
evaporate during production and to a lesser extent from the finished products.
When products containing PFCs are disposed of PFCs can enter into groundwater
and surface water when such products are
landfilled.5
Per- and polyfluorinated chemicals (PFCs)
are hazardous substances. They do not
occur naturally and many degrade in nature very slowly; examples are found in
the most remote regions of the world in
snow, water and soil, and some of these
substances may cause reproductive harm,
can enhance the development of cell tu-

mours6, 7 or are suspected to act as mutagens.8 They have been used with little hesitation for 60 years and are found in many
consumer and industrial products. Of
particular concern are the toxic long-chain
or C8 PFCs PFOA and PFOS. Although
these two substances are now being taken
out of production in many countries – as
a result of increasing regulation – some
scientists predict that the concentrations of
these substances in the environment will
continue to rise beyond 2030.9 On the one
hand this is due to their persistence leading to increasing concentrations building
up in the environment as a result of ongoing releases, but they can also be formed
unintentionally as degradation products
from other PFCs that continue to be used
in large quantities as substitutes.
Since the beginning of its Detox campaign
in 2011, Greenpeace has been calling on
the clothing industry to eliminate all hazardous chemicals from its supply chain
by 2020. The outdoor industry needs to
urgently initiate concrete action plans to
drastically reduce and ultimately eliminate
its use of PFCs resulting in their elimination from production. This demand is
supported by many scientists; more than
200 scientists from 38 countries signed
the ‘Madrid statement’,10 which calls for the
elimination of PFCs from consumer products where they are not essential and when
safer alternatives exist.

1.2 The expeditions
Greenpeace organized these expeditions
to some of the most beautiful and unspoilt
regions on three continents to draw attention to a long standing, but little-known
and certainly unsolved problem.

(this winter). Another key criterion was for
the snow to have been untouched since it
fell. The snow must not have had the potential to be influenced by local sources of
PFC, such as settlements, skiing activities,
hiking paths, cattle, industry, traffic etc.

In May and June 2015, eight Greenpeace
teams were equipped with PFC-free clothing and undertook expeditions to remote
mountainous areas on three continents in
their respective regions, to take snow, and
in most cases water, samples for laboratory
analysis.

For water sampling, lakes were selected
that were not influenced by such local
sources of PFCs, as far as could be determined.

1.3 Key findings

For the selection of sampling sites remote
but accessible locations were chosen. One
key criterion for snow to be sampled was
that the snow had been recently deposited

All results and comparison with previous
studies are given in tables in Annex.
The eight Greenpeace expeditions in 10
countries took place in May and June 2015.

They show clearly that PFC chemicals are
widely detected in remote locations across
the globe and that inputs to these remote
locations have occurred even as recently as
the winter of 2015. PFCs do not occur naturally and should therefore not be found
in remote wilderness regions. Nevertheless,
they can travel around the world in the
atmosphere, either as gas or bound to dust
particles, until they are washed out in rain
or snow.
It is noteworthy that PFCs were detected
in snow samples from all the sites. The
highest concentrations were in the samples
from the High Tatras in Slovakia, the Sibillini Mountains near Lago Pilato in the Italian Apennines and the Alps (Macun Lakes
in the Swiss National Park).

1
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The substances with the highest concentrations in snow were the long-chain
PFCAs PFNA (C9-PFC), with values up to
0.755 ng/l, and PFHpA (C7-PFC) which was
detectable in significant concentrations
of up to 0.319 ng/l in the snow.
The levels found (0.034 – 0.319 ng/l of
PFHpA, and up to 0.755 ng/l for PFNA) are
comparable to other studies which analysed surface snow in the Tibetan mountains (PFHpA: 0.241 – 0.982 ng/l)1 and
Antarctica (PFNA: 0.024 – 1.14 ng/l).2
Comparable studies of snow in European
remote areas in Europe show that levels
in snow from Sweden3 were 0.0021 ng/l for
PFHpA, 0.0269 ng/l for PFNA, 0.0665 ng/l
for PFOA while snow from the Alps4
contained up to 0.31 ng/l for PFNA and
0.23 – 0.63 ng/l for PFOA.

1		 Wang et.al (2014). op.cit.
2		 Cai et. Al (2012). op.cit.
3		 Codling G, Halsall C, Ahrens L, Del Vento S,
Wiberg K, Bergknut M, Laudon H &Ebinghaus
R (2014). The fate of per- and polyfluoroalkyl
substances within a melting snowpack of a boreal
forest. Environmental Pollution 191: 190–198
4		 Kirchgeorg T, Dreyer A, Gabrieli J, Kehrwald N, Sigl
M, Schwikowski M, Boutron C, Gambaro A, Barbante C, Ebinghaus R (2013): Temporal variations
of perfluoroalkyl substances and polybrominated
diphenyl ethers in alpine snow, Environmental Pollution 178 (2013) 367-374
5		
6
7		
8		
9		
10

Codling et al (2014): op.cit.
Kwok et al (2013): op.cit.
Kirchgeorg et al (2013): op.cit.
Codling G (2014). Op. cit.
Kirchgeorg T, (2013): op-cit.
Furdui VI, Stock NI, Ellis D, Butt CM, Whittle DM,
Crazier PW, Reiner EJ, Muir DCG, Mabury SA
(2007): Spatial Distribution of Perfluoralkyl Contaminants in Lake Trout from the Great Lakes. Environ.
Schi.Technol. 41 (5) 1554-1559
11 Clara M, Weiss S, Sanz-Escribano D, Scharf, Scheffknecht C (2009): Perfluorinated alkylated substances in the aquatic environment: An Austrian
case study, Water Research 43: 4760-4768
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In this current study PFOA was detected
in samples from Slovakia (0.107 and 0.348
ng/l), Switzerland (0.087 ng/l) and Italy
(0.209 ng/l). PFOS was detected in samples
from Italy (0.024 ng/l). The snow sampled
at an altitude of over 5000m in the Haba
Snow Mountains in China contained the
lowest concentrations, with only the sulfonate 8:2 FTS clearly detectable. This compound has not been reported in previous
studies.

Short-chain PFCs were found in snow samples from six of the locations. For example,
the fluorosulfonic acid PFBS (C4) was
detected in the snow samples from Treriksroset in Scandinavia (Norway, Finland,
Sweden). The concentrations of short-chain
PFCs detected are comparable with similar
studies. However, in studies from Sweden5,
Svalbard6 and the Alps7 short-chain PFBA
(C4) was found. This compound was not
detected in the samples from Greenpeace’s
expeditions in Europe.
The short-chain PFCs found in the samples
from the expeditions to the Alps, the Apennines and the High Tatras were dominated
by PFHxA, with concentrations of 0.087
ng/l, 0.120 ng/l and 0.161 ng/l. These findings are comparable with studies on snow
from Sweden (PFHxA 0.0175 – 0.154 ng/l)8
and Italy (PFHxA 0.06 – 0.34 ng/l)9.
Seven out of eight expedition teams also
took water samples from mountain lakes.
These showed perfluorinated chemicals
that have accumulated over the years, resulting in concentrations that are significantly higher than the snow samples.
The concentrations of short-chain PFCs in
the water of most remote lakes are higher
than those of long-chain PFCs; in water
samples from Patagonia, Russia and Switzerland, the short-chain C4, C5 and C6
compounds are particularly clearly demonstrated with concentrations of up to 1.1 ng/l.

Box 1 PFCs in remote areas
The long range transport of some PFCs
to remote areas has been studied scientifically for several years. Particularly
those PFCs known to have toxic properties such as the long chained perfluorinated alkyl acid PFOA or sulfonate
PFOS are commonly found in snow
and water.1 Studies discuss three possible ways that PFCs are distributed in
the environment.2 Some PFCs can bind
to suspended particulate matter which
is transported through the atmosphere
and washed out and deposited in rain
and snow. Volatile compounds such as
polyfluorinated fluorotelomer alcohol
(FTOH) and sulfonates can be transported in the atmosphere over long
distances. They are called precursor
substances, as during their transport
they are subject to atmospheric oxidation, transforming them into accumulative perfluorinated alkyl acids or sulfonates which can then be deposited in
high mountains, for example. Finally,
ocean currents may play an important
role by transporting PFCs globally, for
example to the Arctic and Antarctic.
1		 See for example: Cai M, Yang H, Xie U, Zhao
Z, Wang F, Lu Z, Sturm R, Ebinghaus R (2012).
Per- and polyfluoroalkyl substances in snow,
lake, surface runoff water and coastal seawater
in Fildes Peninsula, King George Island, Antarctica J. Hazard. Mater. 209–210: 335–342.
Also see chapter 2.1 PFCs – global travellers
2		 Gawor A, Shunthirasingham C, Hayward SJ,
Lei YD, Gouin T, Mmereki BT, Masamba W,
Ruepert , Castillo LE, Shoeib M, Lee SC &
Harner T, Wania F (2014). Neutral polyfluoroalkyl substances in the global Atmosphere.
Environ. Sci.: Processes Impacts, 2014, 16, 404

These findings are within the range of
concentrations reported in previous studies from lake water analysis in the USA10 or
in Austria/Alps.11 However, in these studies
the concentrations found are predominantly higher than in the samples collected by
Greenpeace.

Three continents ten countries
Probeentnahmegebiet
Country

Date of Expedition

Altitude
Snow
sample
point

GPS Snow
sample point

PFC
evidence
in snow

Altitude
Water
sample
point

GPS Water
sample point

PFC
evidence in
water

China

Haba Snow Mountain,
Shangri-la county

26./27.05.2015

5053 m

27°19'38.16"
100°6'24.00"

yes

5053 m

27°20'57.19"
100°04'117.38"

no*

Russia

Altai Republic, Siberia

08.06.2015

1778 m

49°92'4450"
85°88'4698"

yes

1778 m

49°92'4450"
85°88'4698"

yes

Italy

Lake of Pilato, Monti
Sibillini, Umbria

28.05.2015

1943 m

42°49'33"
13°15'56"

yes

1943 m

42°49'33"
13°15'56"

yes

Switzerland

Macun Lakes,
Swiss National Park

19.06.2015

2641 m

46°43'717"
10°07'549"

yes

2636 m

46°43'729"
10°07'546"

yes

Slovakia

Žabia Bielovodská
dolina, High Tatras,
Carpathian Mountains

26.05.2015

1722 m

49°11'73.2"
20°05'560"

yes

1700 m

49°11'73.2"
20°05'560"

yes

Sweden

Kiruna, Övre Soppero

02.06.2015

511 m

68°15'30.6"
22°01'55.9"

yes

N/A

Keine Probe

not
sampled**

Norway

Skibotridalen,
Troms fylke

03.06.2015

616 m

69°11'54.5"
20°32'01.0"

yes

N/A

Keine Probe

not
sampled**

Finland

Kilpisjärvi, Enontekiö

04.06.2015

742 m

69°04'17.8"
20°41'28.5"

yes

N/A

Keine Probe

not
sampled**

Chile

Torres del Paine
Nationalpark, Patagonia

10.06.2015

900 m

-50°94'2886"
-72°95'0042"

yes

900 m

-50°94'2882"
-72°95'0424"

yes

Turkey

Rize-Çamlıhemşin and
Erzurum MoryaylaYedigöller, Kaçkar-Mountains

13.06.2015

3100 bis
3120 m

40°45'27"
40°50'29"

yes, but
no field
blank

2980 m

40°45'60"
40°50'40"

yes, but no
field blank

* PFC concentrations in the reference sample (field blank) were higher than in the sample
** No remote lake in that area

1.4 The ’great outdoors’
a growth industry
Positive images of beautiful mountain
landscapes, majestic forests, freshly fallen
snow and clean rivers, are heavily promoted by manufacturers of all-weather clothing to market their products. The growing
interest in nature and outdoor activities
means that outdoor clothing is the fastestgrowing segment of the global sports apparel market, with the global market estimated at US$ 25 billion in 2012.1
While PFCs are used in many industrial
processes and consumer products, a major
use is in protective treatments for textiles,
used throughout the outdoor industry.2
Outdoor clothing companies are also

aware of the inherent contradiction of
this practice and are worried about their
image. The manufacturers claim to have
made an appropriate response to the problem by phasing out particularly harmful
substances such as the long-chain PFCs
(C8 and longer, including PFOA and PFOS)
and replacing them with short-chain C4
to C6 PFCs. However, these chemicals are
also persistent and may exacerbate the
problem of PFC pollution; they need to be
used in larger quantities than the equivalent C8 compounds to achieve comparable
performance. Many of them are more volatile and mobile and therefore have the potential to disperse rapidly in water and air
across the globe. The limited steps taken
by the outdoor industry so far are nowhere
near sufficient to protect the remote natu-

1

VF Corporation (2013). Presentation, 17x17, Powerful Brands/Powerful Platforms, June 11, 2013
New York City page 33 (NPD Global sports market
estimate) http://vf17x17.com/pdf/2013%20
VFC%20Investor%20Day-Presentation.pdf
2 Danish Ministry of Environment (2013), Survey of
PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl substances, part of the LOUS-review,
29-04-2013, Environmental Project No. No. 1475,
2013; p.58 http://mst.dk/service/publikationer/
publikationsarkiv/2013/apr/survey-of-pfospfoa-and-other-perfluoroalkyl-and-polyfluoroalkyl-substances---part-of-the-lous-review/
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The Cycle
of PFC

ral areas so loved by their customers. So
far, these companies have side-stepped
the repeated warnings from Greenpeace’s
Detox campaign and neglected the need to
replace all PFCs used as waterproofing in
membranes and coatings.
The global spread of toxic and hazardous
chemicals in the textile industry is the
focus of the Greenpeace’s Detox My Fashion campaign. Clothing companies that
commit to Detox, undertake credible steps
to eliminate hazardous chemicals from
their production and products by 2020.
More than 30 international fashion brands,
sportswear brands and discounters such as
Lidl and Penny have published credible Detox Commitments with Greenpeace. This
corresponds to about 15 percent of global
textile production revenue.
Some smaller outdoor companies such
as Paramo, Pyua, Rotauf, Fjällräven and
R’ADYS already have entire collections
of functional weatherproof clothing that
are PFC-free. In contrast, leading outdoor
companies such as The North Face, Columbia, Patagonia, Salewa and Mammut have
shown little sense of responsibility. They
currently make products that are almost
exclusively weatherproofed with large
amounts of PFCs, while Jack Wolfskin and
Vaude have a small selection of PFC-free
products in their collections.

1.5 Reducing the chemical
footprint of the outdoor industry
As this report demonstrates, volatile PFCs
are being transported and deposited in
cold and remote mountainous regions. On

1		 IPE – Chinese Institute for Environmental Affairs;
which is the only credible global chemical discharge disclosure platform

PFCs

3

Environment

PFCs are released into the environment during the manufacturing of
textiles, as well as during the use
and disposal of products containing
PFCs. These substances can reach
our bodies when we breathe air
containing PFCs or when we ingest
food, drink water, or through exposure to house dust.

4

PFCs are environmentally hazardous
substances, which are persistent.
Once released into the environment
they break down very slowly; they
remain in the environment for many
years and can spread over the entire
globe.

Industries

1

2

PFCs are used in several industries,
and are released to the environment
during manufacturing processes and
during the use and disposal of products containing PFCs. Once in the environment, PFCs spread globally.

their way, some are transformed into more
dangerous and persistent PFCs, which will
contaminate the environment for many
years. Once released, it is impossible to
control PFCs. Volatile PFCs are being used
by outdoor brands today to make their
products weather resistant. These brands
use images of pristine nature in their advertising and promote their “sustainable”
products. At the same time, they are contributing to the distribution of hazardous
chemicals such as PFCs to the furthest
corners of the planet.
Both the outdoor industry and political
decision makers urgently need to ensure
that the well-known and controversial long
chain PFC chemicals are not substituted
with larger quantities of the lesser known
volatile or short chain PFCs. There is no
need to risk greater contamination of the

environment with PFC chemicals as alternatives that completely avoid the use of
any PFCs are already available for many
applications in outdoor clothing, as demonstrated by their use in these expeditions.
Outdoor brands must make a genuine
and credible Detox commitment to stop
using hazardous chemicals – with ambitious schedules and concrete measures that
match the urgency of the situation and
short-term deadlines for completely phasing out the use of all PFCs in products and
production processes. This will send an
important signal to the chemical industry
to increase its efforts on the further development of non-hazardous alternatives.
To be credible, the commitment to eliminate PFCs must include transparency, to
ensure that data on the discharge of hazardous chemicals into waterways by suppliers is published on a global online platform1 and to demonstrate the progressive

reduction of their use. This kind of data
is being published by other companies so
there is no excuse for outdoor brands not
to make sure that their suppliers disclose
this kind of data and allow everyone, including local populations, the right to find
out which chemicals are being released.
Political decision-makers must also take
action. In view of the hazardous properties of many PFCs, including the potential
for volatile substitutes to transform into
persistent PFCs, it is no longer enough
to only regulate a small number of individual substances such as PFOA and PFOS.

Outdoor-gear

Apart from textile and outdoor products,
PFCs are used in a variety of other products. But for volatile PFCs (FTOHs), information summarized by the Danish Ministry of Environment shows that “about
50 % of the production (5,000 t) goes
to the impregnation of textile consumer
products”.

Greenpeace calls on policy makers to fully
implement the Precautionary Principle1 by
restricting the entire group of PFCs.
To make this happen, pressure from the
public is vital – from nature lovers, outdoor and wilderness enthusiasts such as
climbers, skiers and walkers, to city dwellers and families – anyone who cares about
the future of our wild places and our own
health and environment. If we do not act
now to stop the spread of PFCs across the
planet, contamination could build up to
much greater levels, adding to the pollution that will need to be dealt with in the
decades to come. The outdoor industry
and the politicians need to hear your
voices, to urge them to take action on the
elimination of ALL PFCs.

1		 Precautionary Principle: This means taking preventive action before waiting for conclusive scientific
proof regarding cause and effect between the substance (or activity) and the damage. It is based on
the assumption that some hazardous substances
cannot be rendered harmless by the receiving
environment (i.e. there are no ‘environmentally
acceptable’/ ’safe’ use or discharge levels) and
that prevention of potentially serious or irreversible
damage is required, even in the absence of full
scientific certainty. The process of applying the Precautionary Principle must involve an examination
of the full range of alternatives, including, where
necessary, substitution through the development of
sustainable alternatives where they do not already
exist.
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2. PFCs – pollutants in
weather-proof clothing

PFCs – pollutants in weather-proof clothing
PFCs are all man-made; there are no natural background levels of PFCs. Yet PFCs
have been found throughout the natural
environment, from industrial areas to the
remote wildernesses of the Arctic and Antarctic, and in the air, water and living beings of these ecosystems. PFCs do not stay
in manufacturing facilities or in the products that contain them. They are released
into the air and water from manufacturing
sites, from the clothing that we wear and
wash, from the fire-fighting foams that are
used to train firefighters and combat fires,
from carpets, electronics and a vast number of other sources. They can then travel
via air and water currents to all parts of
the earth.
The very strong chemical bond between
carbon and fluorine in the PFC molecule
ensures that natural processes can only
degrade these substances extremely slowly.
They may stay in their original form or
they may transform into other types of
PFCs, but ultimately they take a very long
time, some of them an extremely long
time, to break down. This means that what
we release into nature today will stay there
and risk harming us and the environment
for the foreseeable future.
PFCs are waterproof, oil and dirt repellent;
they are used as a “durable water repellent”
in the finishing of textiles, typically used
in outdoor clothing but also in carpets
and furnishings; other applications are
firefighting foams, electronics, photography and coatings. PFCs are also used to
make fluoropolymers such as PTFE (also
known as Teflon®), mainly used by the
transport and automotive sector, but also
in electronics, chemical processing, paints
and coatings and to make weatherproof
membranes (such as Gore-Tex®), which
are widely used by the outdoor sector.

In 2012 and 2013 Greenpeace Germany
conducted investigations1, 2 which showed
that most of the outdoor sector relies on
per- and polyfluorinated chemicals (PFCs)
to make outdoor gear waterproof and that
they are present in a range of outdoor
products, for example rain jackets and
trousers, leather gloves, shoes and finally
also in swimwear. Other studies have also
found PFCs in water-proofing sprays,3 trekking shoes, 4 ski wax 5 and sleeping bags.6
The second Greenpeace study also found
that long chained PFCs – such as PFOS
and PFOA which are now regulated in
some countries – are increasingly being replaced with short chained PFCs which are
more volatile. The report demonstrated,
using test chamber experiments, that these
short-chain PFCs do not remain in the
clothes, but evaporate into the air. In addition, as they are less effective waterproofing agents, they are used in larger volumes
than long-chain PFCs. It has been shown
that there are higher concentrations of
volatile PFCs in the air in stores selling outdoor clothing than those without outdoor
gear.7
PFCs have been detected in the environment around the globe – in animals, in human blood8, 9 and in breast milk.10, 11 Some
accumulate in food, in drinking water and
in the air we breathe, and thus can pass
into the body. In earlier research, Greenpeace found certain PFCs in wastewater
from Chinese textile factories12 and in wild
fish which are also caught for consumption
in China.13 PFOA, PFOS and several other
PFCs have also been detected in drinking

1		 Greenpeace e.V. (2012). Chemistry for any weather,
Greenpeace tests outdoor clothes for perfluorianted toxins, http://www.greenpeace.org/
romania/Global/romania/detox/Chemistry%20
for%20any%20weather.pdf
2		 Greenpeace e.V. (2013). Chemistry for any weather,
Part II, Executive Summary, Outdoor Report 2013
http://m.greenpeace.org/italy/Global/italy/
report/2013/toxics/ExecSummary_Greenpeace%20Outdoor%20Report%202013_1.pdf
3		 Fiedler S, Pfister G & Schramm KW (2011). Polyand perfluorinated compounds in household
consumer Products (2011). Toxicol Environ Chem
92: 1801-1811
4		 Stiftung Warentest (2013). Trekkingstiefel
http://www.test.de/Trekkingstiefel-Von-Mallorca-ins-Labor-4581136-0/
5 Nilsson H., Kärrman A, Westberg H, Rotander A,
van Bavel B & Lindström G (2010). A time trend
study of significantly elevated perfl uorocarboxylate
levels in humans after using fluorinated ski wax.
Environ SciTechnol. 2010 44(6): 2150-5
6		 Ökotest (2013). Ökotest Jahrbuch für 2013.
Published on 19. Oktober 2012
7		 Schlummer M, Gruber L, Fiedler D, Kizlauskas M &
Müller J (2013). Detection of fluorotelomer alcohols
in indoor environments and their relevance for human exposure. Environ Int. 2013 57-58:42-9
8 Berger U (Oral Prasentation). Perfluoroalkyl acids in
blood serum from first time mothers from Uppsala,
Sweden: temporal trends 1996-2010 and serial
samples during pregnancy and nursing, 6th SETAC
World Congress / SETAC Europe 22nd Annual
Meeting, Berlin, 20-24 Mai 2012
9		 Wilhelm M, Wittsiepe J, Völkel W, Fromme H,
Kasper-Sonnenberg M, (2015) Perfluoroalkyl
acids in children and their mothers: Association
with drinking water and time trends of inner exposures—Results of the Duisburg birth cohort and
Bochum cohort studies, International Journal Of
Hygiene And Environmental Health, July 2015
10 Bonefeld-Jorgensen EC, Long M, Bossi R, Ayotte P,
Asmund G, Krüger T, Ghisari M, Mulvad G, Kern
P, Nzulumiki P, Dewailly E (2011). Perfluorinated
compounds are related to breast cancer risk in
greenlandic inuit: A case control study Environ
Health. 10:88
11 Barbarossa A, Masetti R, Gazzotti T, Zama D, Astolfi
A, Veyrand B, Pession A, Pagliuca G (2013). Perfluoroalkyl substances in human milk: a first survey
in Italy. Environ Int. 2013 51:27-30
12 Greenpeace (2011). Investigation of hazardous
chemical discharges from two textile-manufacturing facilities in China http://www.greenpeace.
to/greenpeace/wp-content/uploads/2011/07/
Textilemanufacture_China.pdf
13 Greenpeace (2010). Swimming in Chemicals, Perfluorinated chemicals, alkylphenols and metals in
fish from the upper, middle and lower sections of
the Yangtze River, China
		http://www.greenpeace.org/international/en/
publications/reports/Swimming-in-Chemicals/
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1		 OECD (2013): op.cit.
2		 Wilhelm M, Bergmann S & Dieter HH (2010).
Occurrence of perfluorinated compounds (PFCs)
in drinking water of North Rhine-Westphalia, Germany and new approach to assess drinking water
contamination by shorter-chained C4-C7 PFCs, Int
J Hyg Environ Health. 213(3): 224-32
3		 Greenpeace e.V. (2006). Gift im Blut? PROMINENTE ENGAGIEREN SICH FÜR DEN SCHUTZ
VOR GEFÄHRLICHEN CHEMIKALIEN, in German
https://www.greenpeace.de/sites http://www.
greenpeace.de/files/greenpeace_ergebnisse_
bluttest_0.pdf
4		 ECHA (2013). Candidate List of Substances of Very
High Concern for authorization. European Chemicals Agency http://echa.europa.eu/chem_data/
authorisation_process/candidate_list_table_
en.asp
5		 UNEP (2009). Adoption of amendments to Annexes A, B and C of the Stockholm Convention on
Persistent Organic Pollutants under the United Nations Environment Programme (UNEP) http://chm.
pops.int/Portals/0/download.aspx?d=UNEPPOPS-COP-NOTIF-DN-CN524-2009.English.
pdf
6		 EU (2006). 2006/122/EC of the European Parliament and of the Council of 12 December 2006
amending for the 30th time Council Directive
76/769/EEC on the approximation of the laws,
regulations and administrative provisions of the
member states relating to restrictions on the marketing and use of certain dangerous substances
and preparations (perfluorooctane sulfonates).
Official Journal L 372/32
7		 Chemical Watch (2015), EU tells Stockholm Convention meeting of PFOA ban proposal, 7th May
2015, https://chemicalwatch.com/23749/eutells-stockholm-convention-meeting-of-pfoaban-proposal
8		 NEA (2013). Flere stoffer på verstinglista (additional
substances added to the priority list), Norwegian
Environment agency (NEA) http://www.miljodirektoratet.no/no/Nyheter/Nyheter/2013/
November-2013/Flere-stoffer-pa-verstinglista/
(Norwegian)
9		 ECHA (2013). op.cit.
10 See box 3, Footprints in the snow
11 Kwok KY, Yamazaki E, Yamashita N, Taniyasu S,
Murphy MB, Horii Y, Petrick G, Kallerborn R, Kannan K, Murano M &Lam PKS (2013). Transport of
Perfluoroalkyl substances (PFAS) from an arctic
glacier to downstream locations: Implications for
sources. Science of the Total Environment 447:
46–55
12 Wang X, Halsall C, Codling G, Xie Z, Xu B, Zhao
Z, Xue Y, Ebinghaus R & Jones KC (2014). Accumulation of Perfluoroalkyl Compounds in Tibetan
Mountain Snow: Temporal Patterns from 1980 to
2010. Environ. Sci. Technol. 2014, 48, 173−181
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water,1, 2 Greenpeace tests on human
blood in 2006 found PFCs in almost every
sample.3
The German Federal Environmental
Agency, in a recent comment regarding the European action plan for substance evaluation, 4 made clear that there
are serious concerns regarding the use of
polyfluorinated short chain compounds
such as 6:2 FtMA and 6:2 FTA as an alternative to perfluorinated C8-PFCs. The
alternatives can degrade into well-known
hazardous perfluorinated C6-compounds
such as PFHxA. Ultimately, the substitutes
transform into the hazardous substances,
or substances with similar hazardous properties, that they are supposed to replace.
Due to their persistence in the environment, Greenpeace does not consider shortchained PFCs as a safe alternative; In addition, volatile PFCs cannot be considered
as a safe alternative to the less volatile
PFCAs and PFSAs, due to their potential
to transform into persistent PFCAs, as well
as the lack of information about the direct
hazards of some volatile PFCs.
Only one PFC, PFOS, has so far been classified as a persistent organic pollutant
(POP) under the Stockholm Convention, a
global treaty that requires contracting parties to take measures to restrict the production and use of PFOS.5 The marketing and
use of PFOS within the EU has been prohibited for certain uses since 2008, with a
maximum limit of 1 µg/m2 set for PFOS in
textiles.6 In May 2015, the EU announced
its intention to back a global ban on PFOA
and will propose its addition to the Stockholm Convention.7

Norway is the first country where the sale
of textiles containing PFOA is prohibited,
with a limit of 1 µg/m2 from June 2014;
certain PFCs have also recently been added
to a list of priority chemicals, meaning
that releases to the environment must be
eliminated or substantially reduced by
2020.8 Norway, and all other countries,
should enforce the elimination of PFOA
(and the PFC chemical group as a whole) at
much lower levels, using the best current
testing technology. In addition, PFOA and
four other long chain PFCAs are also classified as substances of very high concern
(SVHCs) within the EU under the REACH
regulations.9
However, there are currently no limits set
for the use of any other PFCs by any industry, despite concerns about their hazardous
nature and the fact that they can commonly be found at far higher concentrations in
textiles.

2.1. PFCs – global travelers
An array of scientific studies suggests that
the PFC problem is nowhere near to being
solved.10 Greenpeace now wants to raise
awareness among outdoor enthusiasts and
the wider public with this unique, globally
organized study tour.
The long range transportation of PFCs has
been studied for many years. Volatile PFC
compounds such as polyfluorinated fluorotelomer alcohol (FTOH) and sulfonates
can be transported in the atmosphere over
long distances. During transport they are
subject to atmospheric oxidation and are
then, for example, deposited in the high
mountains as perfluorinated alkyl acids.11, 12

Box 3 Footprints in the snow – PFCs in the snow and water of remote regions
The snow and water of remote mountainous regions should be pristine and
untouched; however, recent scientific
studies that examined snow and water
samples show that PFCs have left a
chemical footprint that reflects the
changing patterns of their use. Studies
of the Canadian Arctic show PFCs in
high Arctic ice caps where the only
possible source is atmospheric deposition,1 and that degradation of the volatile PFCs FTOHs and FSAs into the
more persistent PFCs NEtFOSA and
PFOSA is occurring in the Arctic environment.2
The persistent ionic PFCs PFBA and
PFOS have also been found at low altitudes in Antarctica, but at higher levels
than in the Arctic. These could have
originated from the degradation of their
precursor PFCs transported via the atmosphere or particulate bound transport at long-range.3
In Europe, the transformation of recently deposited volatile PFCs into more
persistent PFCs is also apparent in the

melting snow of a boreal forest in Scandinavia4 and in the European Alps, where
volatile PFCs have been shown to accumulate in the atmosphere over the winter
months and be washed out with spring
snow.5 This study also provides evidence
of the changing composition of PFCs in
snow (from PFASs compositions to PFBA-dominated compositions).
The levels of PFCs in Tibetan mountain6
snow are lower than in European Alps,
but still reflect the changing patterns of
PFC production and use in the Northern
Hemisphere; notably, samples from Lake
Namco (‘Heavenly Lake’) show a recent
accumulation of short chain PFCs from
sources in India. Ironically, Gore-Tex, the
leading manufacturer of membranes for
outdoor wear, currently using PFC technology, sponsored a 2014 expedition led
by a Chinese philanthropist to ‘clean up
Heavenly Lake.7

Scientific studies of PFCs in snow and water have usually found perfluorinated alkyl
acids such as the particularly hazardous
PFOA or the sulfonate PFOS. This study1
discusses three possible ways that PFCs are
distributed. In addition to the transport of
volatile PFCs in the atmosphere, some less
volatile PFCs can bind to suspended particulate matter which is also transported
through the atmosphere and washed out
and deposited with rain and snow. Finally,
ocean currents can also transport PFCs to
the Arctic or Antarctic.

Taiwan, Korea, Chile and Argentina. All
these products will eventually reach the
end of their useful lives and end up either
in incinerators or in landfills. During their
lifetime and on disposal, depending on the
method of waste treatment, large quantities of PFCs could be released from these
products collectively into the air or washed
into surface waters or groundwater. It is
predicted that the maximum levels of
PFOA in the environment will be reached
by 2030, even though this chemical is
becoming subject to some restrictions.3 It
is conceivable that the use of short-chain
PFCs in much larger quantities could create greater pollution of the global environment for decades into the foreseeable
future.

The majority of outdoor products such as
clothing, tents and backpacks are made in
China,2 the bulk of them produced for export to Europe, Canada, the United States
and other countries such as Russia, Turkey,

1		 Young CJ, Furdui VI, Franklin J, Koerner RM, Muir
DCG & Mabury SA. (2007). Perﬂuorinated acids in
Arctic snow: new evidence for atmospheric formation. Environ Sci Technol 2007;41: 3455–61

2		 Stock NL, Furdui VI, Muir DCG, Mabury SA
(2007). Perﬂuoroalkyl contaminants in the Canadian Arctic: evidence of atmospheric transport
and local contamination. Environ Sci Technol 41:
3529–36
3		 Cai M, Yang H, Xie U, Zhao Z, Wang F, Lu Z,
Sturm R, Ebinghaus R (2012). Per- and polyfluoroalkyl substances in snow, lake, surface runoff
water and coastal seawater in Fildes Peninsula,
King George Island, Antarctica J. Hazard. Mater.
209–210: 335–342
4		 Codling G, Halsall C, Ahrens L, Del Vento S,
Wiberg K, Bergknut M, Laudon H &Ebinghaus R
(2014). The fate of per- and polyfluoroalkyl substances within a melting snowpack of a boreal
forest. Environmental Pollution 191: 190–198
5		 Codling G, Halsall C, Ahrens L, Del Vento S,
Wiberg K, Bergknut M, Laudon H &Ebinghaus R
(2014). op.cit.
6		 Wang X, Halsall C, Codling G, Xie, Z, Xu B, Zhao
Z, Jones KC (2014). Accumulation of perfluoroalkyl compounds in Tibetan mountain snow: temporal patterns from 1980 to 2010. Environmental
Science & Technology, 48(1): 173–81
7		 W. L. Gore & Associates GmbH (2014). GORE
FABRICS RESPONSIBILITY Update http://www.
gore-tex.com/remote/Satellite?blobcol=urld
ata&blobheader=application%2Fpdf&blobke
y=id&blobtable=MungoBlobs&blobwhere=12
89388191609&ssbinary=true

1		 Gawor A, Shunthirasingham C, Hayward SJ, Lei
YD, Gouin T, Mmereki BT, Masamba W, Ruepert
C, Castillo LE, Shoeib M, Lee SC, Harnerf T and
Wania F (2014). Neutral polyfluoroalkyl substances
in the global Atmosphere. Environ. Sci.: Processes
Impacts 16, 404
2		 Li L, Liu J, Hao X, Wang J, Hu J (2015). Forthcoming increase of total PFAS emissions in China,
Poster at Fluoros 2015 International Symposium on
Fluorinated Organics in the Environment, Colorado
2015
3		 Li L, Liu J, Hao X, Wang J, Hu J (2015). op.cit.
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Invisible traces

Industrial chemicals in the remotest corners of the world

Who hasn’t dreamt of visiting the untouched wilderness of
the Himalayas, the Andes or the Altai Mountains, to hike or
climb in these incredible natural landscapes. In few places
in the world the snow is purer than at more than 5000 metres above sea level in China, or the water cleaner than in a
clear mountain lake far from civilization in the Altai Mountains. Very few nature lovers would expect persistent and
hazardous chemicals to be found in such places.
Greenpeace organized these expeditions to some of the
most beautiful and unspoilt regions on three continents to
draw attention to a long standing, but little-known and certainly unsolved problem.
In May and June 2015, eight Greenpeace teams on three
continents took water and snow samples to be tested
for PFCs. Some of the expeditions were very demanding,
with extreme weather conditions and climbing challenges.
Others were pleasant walks, with breathtaking scenery
and wildlife.
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China

Haba Snow Mountain Shangri-La County in Yunnan Province
Snow and water samples at 5053 meters

In the Chinese Naxi language "Golden
Flower" is the highest of the Haba Mountains. It lies on the banks of the "Golden
Sand" river; rare animal and plant species
thrive on its slopes and in its gorges. The
main peak of the mountain is 5396 m high,
where it is freezing cold and the air is thin.
In 1999 Zhong Yu became the first woman
to climb the mountain, together with her
mountain guide Haosi. Sixteen years later
the two of them returned to the summit of
"Golden Flower" – this time with a Greenpeace team.
Some things have changed. China leads
the world for producing the most perfluo-

rocarbons for all kinds of applications.
The smog in China's cities has become
denser and the pollution of air and water
has increased. Tourism in the Haba Mountains has become professional and an increasing number of mountain climbers
have left their tracks.
Another change is in the clothing worn
by the two pioneers. For her first climb,
Zhong Yu wore a cotton jacket with a broken zipper. Haosi wore sneakers — without socks. This time, they wore warmer
and drier PFC-free outdoor clothing and
were accompanied by Lei Yutung, head of
research at Greenpeace Asia. From their
base camp at 4,000 metres, they set out
at dawn to climb a further 1,000 up the
mountain, to collect the samples and return to camp by sundown.

Chile
Torres del Paine National Park Patagonia
Samples (snow, water) taken at 900 meters at Lago Base, Torres del Paine
Leonel Mingo (Greenpeace campaigner)
and Roberto Roa (Greenpeace Chile logistics team) walked more than 64 kilometers
in the Torres del Paine National Park in
Patagonia to collect snow and water samples from the mountains and lakes. At
night the temperature dropped to minus
13 degrees centigrade and wind speeds
reached more than 80 kilometers per
hour.
“We completed the sampling successfully
but then we had to get out quickly
because a snowstorm was approaching
fast and it was totally dark,” says Leonel
Mingo. “We began a six-hour descent
from the mountain in extreme weather in

the middle of the night. We could not
break to rest because we risked freezing
every time we stopped. We could see only
a few meters ahead of us with our headlamps.”
When Mingo and Roa finally reached their
tents after the twenty-hour trek, they fell
asleep right away, still fully clothed. “Apart
from the wind and cold, it was a great experience,” said Mingo.
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Russia
Golden Mountains of Altai southern Siberia (UNESCO World Heritage Site)
Samples of snow and water taken at 1,778 meters
The Altai is a high mountain region in
Central Asia with peaks of up to 4,506
metres, in the borderlands of Kazakhstan,
Russia, Mongolia and China. It extends
from taiga (swampy coniferous forest) and
alpine meadows to glacier zones, high
mountain tundra and steppes. The Greenpeace team climbed to Lake Verhnemul-

tinskoe in the Katunskiy biosphere reserve. The Golden Mountains of Altai are
a UNESCO World Heritage Site because
they are home to rare and endemic flora
and fauna. “People told me that if I ran
into a bear, I should start to sing,” said Nina Lesikhina, Greenpeace Russia’s expert
on chemicals. But the Greenpeace team
only came across the fresh tracks of
bears, as well as foxes, rabbits, and squirrels. The people who live in the area were
very friendly and interested, and concerned about the quality of water in their
mountain lakes.

Slovakia
The High Tatras in the Carpathians
Sample of snow taken at 1,722 meters
and sample of water at 1,700 meters
In the Slovak Carpathians Greenpeace
colleagues Branislav Blascak and Matej
Hlinican visited the remote High Tatras
Mountains. They trekked up the Zabia
Bielovodská valley (also known as the
“Whitewater Valley of Frogs”) to a height
of 1722 metres.
The High Tatras national park is closed
to all tourist activities during the winter
season. The valley is situated within a
protected area (classified as 5th degree,
which is the highest level of protection)
and so is permanently closed to all
tourists.

Blascak said: ”It was a unique feeling to
visit this place (with permission from the
National Park) and do sampling work.
It was also not easy as there were no
trails and we had lot of equipment. On top
of that it rained all day long. In the valley
there was still lot of snow; we had to
cross the snow fields very carefully because the lakes are right underneath. Any
mistake would have meant big trouble
and a fall into the cold 4 degree water.
Still, it was a pleasure for us to do this
trip.”
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Switzerland

Italy

Swiss National Park Macun Lakes
Snow and water samples taken at 2,600 meters

Monti Sibillini National Park Umbria (Apennines)
Samples (snow, water) taken at 1,950 meters

“I’m back from a spectacular trek to one
of the most beautiful and remote places in
the Alps,” said Manfred Santen, Greenpeace Germany’s expert on chemicals.
Together with Mirjam Kopp, project leader
of the current Detox campaign, and Thom
Mueller, Santen collected samples of
snow and water at the Lakes of Macun in
the Swiss National Park.
“It is a paradox that the outdoor industry
claims to love nature, yet leaves traces of
persistent chemicals in pristine natural areas,” said Santen. “We want to show how
widespread these hazardous chemicals
are - even in areas far away from civilization and dirty industries.”

Lago di Pilato (Pilate’s Lake) at the foot of
the Pizzo di Diavolo (Devil’s Peak) rock
formation is of great interest to biologists.
The shimmering turquoise lake, only 500
meters long, is the habitat for an endemic
crustacean called Chirocephalus marchesoni, a freshwater shrimp about 10 mm
long. It is found nowhere else in the world.
Giuseppe Ungherese (toxics campaigner)
and Luca Nicolini (volunteer) from Greenpeace Italy were concerned about disturbing these creatures during sampling.
However, the park authorities assured
them that at this time of year, Chirocephalus marchesoni only dwells at the bottom
of the lake.

This Greenpeace team also made it home
warm and dry in outdoor clothes that are
PFC-free – despite encountering almost
every kind of weather, from sunshine to
rain, snow and sleet.

Sweden/Finland/Norway

Turkey
Rize-Çamlıhemşin and Erzurum Moryayla-Yedigöller area Kackar Mountains
Samples of snow and water taken between
2,980 and 3,400 meters
The Kackar Mountains near the Black
Sea are known among enthusiasts for
lonely high-altitude hikes between lakes,
streams and springs. A four-person
Greenpeace team collected samples of
water and snow from four pristine places
– from lakes to a glacier summit. On the
way they saw a wolf pack and came
across bear tracks.

Treriksroset (Three-Country Cairn)
in Scandinavia
Samples taken at 511 metres at Kiruna
Övre Soppero in Sweden, at 616 metres
at Skibotridalen Troms fylke in Norway, and
at 742 metres at Kilpisjärvi Enontekiö in 
Finland
The Detox expedition team hiked to the
summits of three mountains (one in Sweden, one in Norway, and one in Finland)
near the Treriksroset monument (ThreeCountry Cairn) marking the point where
the borders of these three countries meet.
“The beauty of the remote Scandinavian
mountains is breathtaking. For three stunning and adventurous days our small but
determined Detox expedition team hiked
to the top of three mountains in the area
of the Three Country Cairn. Under the
midnight sun and with the curious company of reindeers, we crossed rivers and
walked on snowshoes to collect the snow
samples we needed,” said Therese Jacobson, leader of the Scandinavian expedition.
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4. Samples and Results

Samples and Results

Eight Greenpeace teams were equipped
with PFC-free clothing and backpacks and
sent on expeditions to the most pristine
places in their respective regions, which
took place in May and June 2015. The
teams collected snow and water samples.

4.1. Methodology in brief
Specially pre-cleaned glass bottles were
used for the sampling, which were previously cleaned and heated in the investigation laboratory (for details see Annex).
The bottles were wrapped individually and
transported in PFC-free polyethylene
bags. All auxiliary items required for sampling were also pre-cleaned, individually
wrapped in aluminum foil and transported
in PFC-free polyethylene bags.
On arrival at the sampling point, the
first step was to ascertain that the existing snow was untouched. The sample of
snow was taken near the surface with precleaned small stainless steel blades. Two
wide mouth 2.5 litre bottles were filled
with snow, while attempts were made to
compress the snow to achieve the highest
possible sample volume.
The water samples were filled directly
from the lake shore in 1 litre glass bottles.
Again, two bottles were filled.
Two snow samples (duplicates) were collected from the expeditions in the Haba
Snow Mountains (China), the High Tatras
(Slovakia), the Alps (Switzerland) and
Norway, and each duplicate was analysed
separately. The expeditions in the Altai
Mountains (Russia), Finland, Sweden and
Chile also collected two samples each;
however, as only small amounts of snow
were collected from each site respectively,
the two samples were combined into one
for analysis, in order to achieve a better

sample detection limit. The expeditions in
the Apennines (Italy) and Kackar Mountains (Turkey) collected only one snow
sample each.
Two water samples (duplicates) were collected from the expeditions in the High
Tatras (Slovakia) and the Alps (Switzerland) and each duplicate was analysed
separately. Two duplicate water samples
were collected from the expeditions in the
Haba Snow Mountains (China), the Altai
Mountains (Russia) and Patagonia (Chile)
respectively; to improve the detection limit
the two samples were combined into one
for each location. Only one water sample
was collected from each of the expedition
in Turkey and Italy.
For all the snow and water samples, in all
locations apart from Turkey, field blanks
were taken in order to determine if any
contamination had occurred during the
sampling, or as a result of the equipment
used. In each case one 2.5 litre (for snow)
or a 1 litre (for water) glass bottle, identical to that used to collect the samples, was
transported to and opened at the sampling
site and resealed. In the laboratory the bottles were rinsed with purified water which
was subsequently analysed in an identical
way to the samples.
The closures of all sample bottles were
sealed at the sampling site, firstly with
a layer of pre-cleaned aluminum foil, a
screw cap, and then externally sealed with
self-sealing thermoplastic film (parafilm),
with one exception: all the bottles from the
expedition in China were finally sealed at
4000 metres, because the bottles had to be
opened briefly and reclosed twice on the
way down to equalize pressure.
Samples were sent to an independent accredited laboratory for analysis. Further
details of the methodology are in Annex.

4.2 Results and
their interpretation
All results of the snow and water sampling
are listed in Annex, where a comparison
with previous studies on snow and water
sampling is also provided.
The following are selected highlights from
the data. Concentrations are given without
subtraction from field blank data; these are
provided in the tables in Annex.
Sample concentrations that are below field
blank concentrations are not reported. In
cases where the PFC concentrations are
close to the detection limit or to the levels
in the field blanks, these are mentioned
below.
PFCs were detected in samples from all
sites, from the 5000m peaks of the Shangri La region in China to Tierra del Fuego
in southern Chile, clearly showing that
PFC chemicals are widely detected across
the globe and that contamination of these
remote locations has occurred even as recently as the winter of 2015. Short chain
PFCs were found in several remote areas
visited by these expeditions. Short chain
PFCs such as the PFBS (C4-PFC) are particularly apparent in the snow samples
from Treriksroset in Scandinavia, while
the short chain PFCs found in the samples
from the Swiss Alps and the High Tatras
in Slovakia were dominated by PFHxA (see
chart in Annex).
The highest concentrations of individual
PFCs were detected in the samples from
the Swiss Alps, the High Tatras in Slovakia and the Italian Apennines, with the
highest concentration (0.755 ng/l) in snow
found for the long chain PFNA (C9-PFC).
The lowest concentrations were found in
snow sampled at an altitude of over 5000m
in the Haba Snow Mountains in China.
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Figure 1 Long chain PFCs in snow (ng/l)

The lake water samples show persistent
PFC chemicals that have accumulated over
the years, resulting in concentrations
that are significantly higher than the snow
samples, with concentrations of short
chain PFCs in the water of most remote
lakes higher than that of long chain PFCs.
The aim of this investigation was to provide a snapshot of PFC contamination in
these remote areas. Because only single
samples have been analysed (with some
exceptions where duplicates were con-

ducted), a statistical analysis would not be
meaningful.
Several sampling conditions could have influenced the data presented in this report,
which is important to keep in mind when
making comparisons of PFC levels between sites and with previous studies from
the scientific literature. Conditions such as
the weather, season, altitude and distance
from point sources can all affect the levels
and composition of PFCs in samples. However, we are confident that the overall data

Figure 2 Short chain PFCs in snow (ng/l)

set in this study confirms the presence
of short and long chained PFCs in snow
and lake water samples from remote areas
across the world.

Snow samples
PFCs were detected in snow samples from
all sites. The highest concentrations of individual PFCs were found in samples from
the High Tatras (Slovakia), the Apennines
(Italy) and the Alps (Switzerland), all of
which were dominated by the long chained
PFC (C9) PFNA (Perfluorononanoic Acid).

The substance PFHpA (Perfluoroheptanoicacid) was found in samples from all
locations, apart from China. The levels
found (0.034 – 0.319 ng/l of PFHpA, and
between limit of quantification and 0.755
ng/l for PFNA) are comparable to other
studies which analysed surface snow in
the Tibetan mountains (PFHpA: 0.241 –
0.982 ng/l)1 and Antarctica (PFNA: 0.0188
– 1.142 ng/l).2

Long chain PFCs
in snow samples3
In Patagonia, Chile, three long chain
PFCs - PFUnA (C11, 0.090 ng/l), PFTrA
(C13, 0.305 ng/l) and PFTeA (C14, 0.021
ng/l) – were found in the snow sample.
The long chain PFCs PFTrA (C13, 0.212
ng/l) and PFTeA (C14, 0.270 ng/l) were
found in snow from the Altai Mountains, Russia.
The samples from the High Tatras
(Slovakia) were dominated by the long
chained PFC (C9) PFNA at concentra-

1		 Wang et.al (2014). op.cit.
2 Cai et. Al (2012). op.cit.
3 ”Long-chain perfluorinated compounds” refers to
Perfluorocarboxylic acids with carbon chain lengths
C8 and higher, including perfluorooctanoic acid
(PFOA); Perfluoroalkyl sulfonates with carbon chain
lengths C6 and higher, including perfluorohexane
sulfonic acid (PFHxS) and perfluorooctane sulfonate (PFOS)
http://www.oecd.org/ehs/pfc
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tions of 0.659 ng/l and 0.722 ng/l respectively, for the two samples collected
at this site. One of these samples also
contained the highest concentration of
PFOA (0.348 ng/l) of all snow samples
in this study. PFOS was also detected in
one sample at concentration of 0.015ng/l
near the lowest quantification limit.
Long chain PFCs such as PFDA, PFUnA,
PFDoA, 8:2 FTS and PFOSA were present in the sample (PFDA and PFDoA
were present in the field blank in similar concentrations, see table in Annex).
The samples from the Alps (Switzerland) were also dominated by the longchained PFNA Perfluorononanoic Acid
(C9-PFC), with 0.321 ng/l and 0.479 ng/l
respectively, for the two samples collected at this site. One of the samples also
contained PFOA (0.087 ng/l), the substance PFHpA was found in both snow
samples (0.199 & 0.319 ng/l respectively,
field blank: 0.058 ng/l) as well as PFDA
and PFUnA.
The long chained PFC (C9) PFNA also
dominated the sample from the Apennines (Italy), with a level of 0.755 ng/l.
PFOA was present in the sample (0.209
ng/l) and PFOS was detected at concen-

1		 Wang et.al (2014). op.cit.
2 Precursors may be released during manufacturing
or be present in products. “For definition purposes
“precursor” means a substance that has been
recognized as having the potential to degrade
to perfluorocarboxylic acids with a carbon chain
length of C8 and higher (including PFOA) or perfluoroalkyl sulfonates with a carbon chain length of
C6 of higher (including PFHxS and PFOS)” http://
www.oecd.org/ehs/pfc/
3		 Codling et al (2014): op.cit.
4 Kirchgeorg et al (2013): op.cit.
5 Codling et al (2014): op.cit.
6 Kwok et al (2013): op.cit.
7		 Kirchgeorg et al (2013): op.cit.
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trations near the limit of quantification
(0.024 ng/l). The substances PFDA,
PFUnA, PFDoA and PFTeA were also
present.
C8 compounds were detected in
samples from Finland (PFOA, PFOS,
PFOSA) and Sweden (PFOSA); both had
concentrations below the limit of quantification (LOQ, see Table 1). Other long
chain PFCs that were detected in all
Scandinavian snow samples were PFUnA (C11, 0.048 – 0.072 ng/l,) and PFTeA
(C14, 0.035 – 0.058 ng/l). PFTrA (C13)
was found in one sample from Norway.
Apart from 8:2 FTS, no clear evidence
of long chain PFCs (C8 and longer) was
found in the samples from the Haba
Mountains (China), ie. the concentrations were below the limit of quantification. This result indicates lower
contamination of snow with long chain
PFC compared with samples from the
Tibetan Plateau.1 8:2 FTS is a precursor
substance for PFOS.2 Findings of this
compound have not been reported in
previous studies.
The levels of PFOA found in the
samples from the High Tatras (Slovakia, 0.348 ng/l), the Alps (Switzerland,
0.087 ng/l) and in the sample from the
Apennines (Italy, 0.209 ng/l) were comparable with levels found in the studies
of the Tibetan Plateau (PFOA: 0.068
– 0.191 ng/l) and the Antarctic (PFOA:
0,1067 – 0,3832 ng/l).
Comparable studies for European remote areas show 0.122 ng/l for PFOA in
snow from Sweden3 and 0.2 – 0.63 ng/l
for PFOA in snow from the Alps.4
Some of the target substances were detected in some reference samples (field
blanks). This was taken into account when
interpreting the results. When substances
occur in concentrations below or similar to
the concentrations in the field blanks this
is mentioned here. PFDA and PFHpA were

found in the field blank from the High
Tatras (Slovakia, which also contained
PFDoA) and field blank from the Alps
(Switzerland) (which also contained 8: 2
FTS). The reference sample from the Altai
Mountains (Russia) contained PFHpA,
PFUnA and PFTeA. There can be numerous reasons for the contamination of reference samples with the target substances,
including possible pollution via the air or
impurities in the bottles.
The levels in the sample from the
Kackar Mountains (Turkey) should be
cautiously interpreted, since there was
no reference sample (field blank). PFOA
(0.219 ng/l), PFNA (0.059 ng/l), PFDA
(0.042 ng/l) and 8:2 FTS (0.038 ng/l)
were detected.

Short chain PFCs
in snow samples
Short chain PFCs were detected in the
snow samples from six of the eight expeditions. The samples from the Haba Snow

Mountains (China) and the Altai Mountains (Russia) had no significant evidence
of short chain PFCs. Short chain PFCs are
clearly detectable in all the European locations. The concentrations of short chain
PFCs that were detected are comparable
with similar studies. However, in studies
from Sweden,5 Svalbard6 and the Alps7
short chain PFBA (C4) was found. This
compound was not detected in the samples
from Greenpeace’s expeditions in Europe.
The C7-carboxylic acid PFHpA was
found in all samples ranging from 0.020
to 0.319 ng/l.

The sample from Patagonia (Chile) contained PFBS (C4-PFC) at a concentration
of 0.029 ng/l.
Short chain PFCs were also detectable in
the samples from Slovakia; PFBS (C4PFC) at 0.07 ng/l and PFHxS (C6-PFC)
at 0.161 ng/l were found in one of the
two samples collected at this site. PFHxA (C6-PFC) was found at 0.067 and
0.161 ng/l respectively for the 2 snow
samples.
Other short chain PFCs were detectable
in the samples from Scandinavia. PFBA
(C4 PFC) was detected in the sample
from Finland and PFPeA (C5 PFC) was
detected in samples from Norway, Finland and Sweden, although the levels
were close to the limit of quantification
so there is no clear evidence for the
presence of these substances.
In addition, PFBS (C4-PFC) was detected
in concentrations between 0.036 ng/l
to 0.04 ng/l in all three Scandinavian
samples. The concentrations found are
lower than in a comparable study.1
In one of the two snow samples from
the Alps in Switzerland, PFPeA
(C5-PFC, 0.150 ng/l) and PFHxA (C6PFC, 0.087 ng/l) are identified, but
contamination in the reference sample
(field blank: 0.076 ng/l for PFPeA and
0.035 ng/l for PFHxA) should also
be taken into account.
Snow from the Apennines (Monti Sibillini in Italy) contained PFHxA at a level
of 0.12 ng/l.
There was some contamination with short
chain target substances in the reference
samples (field blanks). In the High Tatras
(Slovakia), PFPeA was detected, in the
Alps (Switzerland) PfPeA and PFHxA were
found and the reference sample from the
Altai Mountains (Russia) contained PFPeA.
The findings from the field blanks were

taken into account when interpreting the
respective results.2
The levels of PFCs measured in the
snow samples from the Kackar Mountains (Turkey) need to be interpreted
with caution, as there was no reference
sample present. However, the levels of
PFPeA (C5-PFC, 0.044 ng/l) and PFHxA
(C6-PFC, 0.070 ng/l) that were found
are comparable to the findings from the
other Greenpeace expeditions.

Water samples
Seven out of the eight expeditions took
samples of lake water from remote mountain areas, from the Haba Snow Mountains
in China; the Altai Mountains in Russia,
Torres del Paine in Patagonia, Chile; the
Kackar Mountains in Turkey; the High Tatras in Slovakia; the Macuner lakes in the
Swiss Alps and Lake Pilato in Apennines
(Monti Sibillini Italy).
Unlike the snow samples collected in
this investigation, which predominantly
contain PFCs that were deposited in the
months prior to sampling, lake water samples will have accumulated concentrations
of PFCs over years.
Two duplicate samples from each location
were analysed from the Macun lakes in the
Swiss Alps and from the mountain lake in
the High Tatras in Slovakia.
One sample each from the following locations was studied; Lago Pilato in the Italian
Apennines; the lakes in the Russian Altai
Mountains; Torres del Paine, Patagonia in
Chile; the Haba Snow Mountains, China
and the Kackar mountains, Turkey.
Some PFCs will equilibrate more into sediments than in lake water, this will influence the relative amounts of different PFCs
present in water samples. The following

are selected highlights from the data. All
results of the snow and water sampling are
listed in the Annex.

Long chain PFCs
in water samples
The only location where PFOA (C8-PFC)
was clearly detected in the samples was
the Macun lakes in the Swiss Alps,
with concentrations of 0.561 ng/l and
0.355 ng/l in the two samples collected
from this site. However, PFOA was also
present in the corresponding reference
sample (field blank) at 0.248 ng/l. In the
two samples from this site, the very persistent and toxic PFOS was also found
at 0.053 ng/l and 0.089 ng/l; PFNA
(C9-PFC) at 0.140 ng/l and 0.233 ng/l;
and PFDA (C10-PFC) at 0.048 ng/l and
0.051 ng/l.
Lake water from the High Tatras (Slovakia) also contained PFOS at 0.030 ng/l
in both samples collected at this site.
PFNA (C9-PFC) was also found at
0.117 ng/l and 0.118 ng/l, together with
PFDA (C10 PFC, 0.047 & 0.048 ng/l),
PFUnA (C11-PFC, 0.051 & 0.052 ng/l).
PFNA (C9-PFC) was found at in the
Russian Altai Mountains (0,151 ng/l),
PFDA at 0.039 ng/l.
The sample of lake water from China could
not be evaluated, as higher concentrations
of the target substances were found in the
field blank sample.

1 Codling G (2014). Op. cit.
2 LOQ (Limit of Quantification) for some PFC in field
blanks are higher than LOQs for samples and in
some cases higher than reported concentrations
in some samples. In these cases it is not known
whether the field blank had equivalent or higher
concentrations of the PFC compared to corresponding samples.
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Figure 3 long chain PFCs in water (ng/l)

Short chain PFCs
in water samples
With the exception of China and Chile the
C7-PFC PFHpA was detected in samples
from all sites in a concentration range
from 0.084 to 0.319 ng/l (Switzerland). The
results for the sample of lake water from
China could not be evaluated, as higher
concentrations of the target substances
were found in the field blank sample.

Figure 4 short chain PFCs in water (ng/l)

The C4-PFC PFBA was found in the
sample from Patagonia (Chile) at concentrations of 1.118 ng/l.
The lake sample from the Altai Mountains in Russia also contained PFBA at
0.605 ng/l.
There was also clear evidence of PFBA
in one of the two samples from Macun Lakes in the Swiss Alps, which
contained 0.773 ng/l. Another C4 PFC,
PFBS was also found, with levels of
0.056 or 0.075 ng/l and the C6-PFC
PFHxA was found at levels of 0.127
and 0.156 ng/l respectively, in the two
samples from this site.

PFBS was also found in the sample
from Lago Pilato in the Italian Apennines, at levels of 0.031 ng/l.
The C5-PFC PFPeA was found in water
samples from the High Tatras (Slovakia) (at 0.121 ng/l or 0.216 ng/l) and the
C6-PFC PFHxA was found at concentrations of 0.083 and 0.087 ng/l.

These findings are within the range of
concentrations reported in previous studies from lake water analysis in USA1 or in
Austria /Alps.2 However, in these studies
the concentrations that were found are
predominantly higher than in the samples
collected by Greenpeace; one reason could
be that these expeditions sampled in more
remote areas.

The results of the water sample from
the Kackar Mountains in Turkey
should be interpreted with caution, as
no reference sample was taken. However, the PFCs which were detected above
the lowest quantification limit (PFHxA,
PFHpA, PFOA, PFDA and PFBS) are in
line with the concentrations measured
in samples from the other expeditions.

1 Furdui VI, Stock NI, Ellis D, Butt CM, Whittle DM,
Crazier PW, Reiner EJ, Muir DCG, Mabury SA
(2007): Spatial Distribution of Perfluoralkyl Contaminants in Lake Trout from the Great Lakes. Environ.
Schi.Technol. 41 (5) 1554-1559
2 Clara M, Weiss S, Sanz-Escribano D, Scharf,
Scheffknecht C (2009): Perfluorinated alkylated
substances in the aquatic environment: An Austrian
case study, Water Research 43: 4760-4768
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The ‘great outdoors’

5. The ‘great outdoors’
A contradiction at the heart of the outdoor industry
The outdoor industry stands for freedom
and love of nature, the “great outdoors”. It
uses images of beautiful mountain landscapes, majestic forests, freshly fallen snow
and clean rivers, to market its products.
These positive images are heavily promoted by manufacturers of all-weather clothing and have brought strong double-digit
growth in recent years. The global market
was estimated in 2012 at US$ 25billion
in 2012,1 with the European market estimated at around 4.8 billion euros in 20142
Within Europe, Germany has the biggest
market, with a turnover of over one billion
euros, followed by Great Britain, Ireland
and France. The most popular products are
jackets and trousers (50 percent) followed
by shoes (25 percent) and backpacks (6
percent). Consumers are often prepared to
pay hundreds of euros for an extra warm
Superanorak, unlike the trend for cheaper
‘fast fashion’.
The VF Corporation, owner of the world’s
largest outdoor apparel company The
North Face reported revenues of US$1.9
billion in 2012.3 Brands such as The
North Face, Patagonia, Vaude or Jack
1		 Market Research.com (2012). Global Market Review Of Performance Outdoor Apparel – Forecasts
To 2018, 4th December 2012 http://www.marketresearch.com/just-style-v3410/Global-Review-Performance-Outdoor-Apparel-7268866/
2 http://www.europeanoutdoorgroup.com/
news/latest-eog-research-confirms-continued-outdoor-market-growth-during-2014 ?
3 VF Corporation (2013). Presentation, 17x17, Powerful Brands/Powerful Platforms, June 11, 2013
New York City page 33 (NPD Global sports market
estimate) http://vf17x17.com/pdf/2013%20
VFC%20Investor%20Day-Presentation.pdf
4		 Greenpeace website, Detox Catwalk (2015).
http://www.greenpeace.org/international/en/
campaigns/detox/fashion/detox-catwalk
5		 Santen M (2014). Lidl commits to Detox! Budget
retailers Lidl and Tchibo have also made Detox
commitments. Blogpost
		http://www.greenpeace.org/international/
en/news/Blogs/makingwaves/lidl-detox/
blog/51675/
6		 http://www.subsport.eu/case-stories

Wolfskin are no longer only aimed at
mountain climbers or skiers. The industry
has evolved from a specialist supplier to
manufacturers of trendy everyday clothes,
with their stores now a part of every city.
Jack Wolfskin has 200 of its own stores
between the North Sea and the Alps, while
in China it distributes its products in more
than 300 shops.

The outdoor industry: still at
base camp on corporate responsibility for PFC pollution
Outdoor products are promoted with images of deep snow skiers or fearless climbers
– despite the fact that most customers are
not exceptional athletes, but city dwellers
who simply want to stay warm and dry on
a bike ride or an autumn hike. Children’s
clothing is also sold with “high-performance” finishes – although it is more often
used in the rain and mud, in the sandpit or
in the playground. Nevertheless, the industry has started a veritable arms race to ensure that its clothing can always resist the
most extreme weather conditions found
in the ‘great outdoors’ that represents the
brands’ biggest selling point. This unfortunately results in an increasing chemical
burden, especially with the controversial
PFCs.
The global spread of toxic chemicals in
the textile industry is the focus of the
Greenpeace’s Detox My Fashion campaign.
Clothing companies that commit to Detox,
undertake to eliminate hazardous chemicals – including PFCs – from their production and products by 2020. More than 30
international fashion brands, sportswear
brands and discounters such as Lidl and
Penny have subsequently made Detox
Commitments with Greenpeace (see Box
4 for details). This corresponds to about
15 percent of global textile production by
revenue.

Box 4: Examples show PFC
elimination is possible
The outdoor sector lags behind other
textile companies in acting on PFCs
and other hazardous chemicals. The
feasibility of eliminating all PFCs is
shown by the actions of fashion brands
and budget retailers that have made
Detox commitments to eliminate the
discharge of all hazardous chemicals
by 2020 which they are now implementing.4, 5 Some fashion brands have
already eliminated PFCs from their
products and supply chains; H&M was
the first brand to deliver on its commitment to eliminate PFCs, reporting that
as from January 2013 all PFCs have
been eliminated from their products,
and Mango delivered on its commitment to eliminate PFCs in all products
produced and sold by July 2013. Some
sportswear companies – which also
make outdoor products – have also
made Detox commitments. Puma commits to eliminate all PFCs by the end of
December 2017 and the adidas Group
will ensure that all of its products will
be at least 99 % PFC-free by no later
than 31 December 2017. Of the sportswear companies, only Nike has failed to
make a credible Detox Commitment to
eliminate all PFCs.
Retailers such as Lidl, Aldi and Rewe
have already phased out PFCs from
the production of rainwear especially
for children and have recently committed to the elimination of 100 % of all
PFCs.
Despite the lack of credible action from
outdoor brands, there are signs that
some brands are already working on
PFC-free products – for example, in
2013 Jack Wolfskin published a case
study on Subsport demonstrating the
successful use of an alternative product that does not use PFCs.6
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6. Greenpeace conclusions
and recommendations

Greenpeace conclusions and recommendations
Both the outdoor industry and political
decision makers urgently need to ensure
that the well-known and controversial long
chain PFC chemicals are not substituted
with the lesser known volatile or short
chain PFCs, used in even larger quantities to ensure similar functionality to
long chain PFCs. There is no need to risk
greater contamination of the environment
with any PFC chemicals since alternatives
that completely avoid the use of PFCs are
already available for many applications
in outdoor clothing, as demonstrated by
their use in these expeditions.
Since 2011, Greenpeace’s Detox My Fashion

campaign has been working to ensure that
hazardous chemicals are removed from
the entire manufacturing supply chain of
the textiles industry. The outcome of this
investigation underlines the need for all
PFCs to be eliminated by all sectors, not
only textiles; in particular, the outdoor
clothing industry urgently needs to take
action to eliminate the entire group of PFC
compounds. Regrettably, there is not one
outdoor brand among the 16 companies
that have committed to zero discharges of
all hazardous chemicals by 2020 and are
acknowledged Detox Leaders.1
As global players, outdoor companies such
as The North Face, Jack Wolfskin, Patagonia and other companies have an opportunity and the responsibility to improve
manufacturing practices in their supply
chains. Brands must make a genuine and
credible commitment to stop using hazardous chemicals – with ambitious schedules
and concrete measures that match the
urgency of the situation. In particular, outdoor clothing brands must set short-term
deadlines for completely phasing out the
use of all PFCs in production processes.
As prominent users of PFCs, these brands
need to take the lead on the elimination of
all PFCs; this will send an important signal
to the chemical industry and other innovators to increase their efforts on the further

development of non-hazardous alternatives. Phasing out PFCs by 2020, as some
outdoor clothing brands aspire to do, is not
ambitious enough. PFC-free materials are
already available today that are suitable
for most applications and other companies, some of which also produce outdoor
clothing, such as Puma and adidas, have
adopted much more ambitious elimination
targets for PFCs; others, such as H&M and
Mango have already eliminated PFCs in
their products.2

Transparency
On the road to clean production, outdoor
clothing brands must commit to greater
transparency. For every product in which
hazardous chemicals are found there is
a factory releasing unknown quantities
of these substances into the surrounding
environment. Where are these factories?
Which hazardous chemicals are being
used by suppliers and emitted at their
sites? What volume of chemicals does this
involve? Greenpeace is calling on all businesses in the industry to publish precise
information on the hazardous chemicals
released in wastewater from all production
facilities, factory by factory, and chemical by chemical. This kind of disclosure is
not an unrealistic expectation, as some in
the industry would claim; several fashion
brands e .g. Mango, G-Star, Inditex, Puma,
Levi’s and Fast Retailing/Uniqlo have
already ensured the publication of data
from their suppliers on the discharge of
hazardous chemicals into waterways, on a
global online platform.3 There is no excuse
for outdoor brands not to ensure that their
suppliers disclose this kind of data. As long
as the textile industry continues to use water courses as private wastewater channels,
the local population has the right to find
out which chemicals are being released
and at what levels.
Political decision-makers must take action. In view of the hazardous properties
of many PFCs, including the potential for

short chain or volatile substitutes to transform into more persistent PFCs,, it is no
longer enough to only regulate individual,
well researched substances such as PFOA
and PFOS. Much more stringent regulation
to protect our health and the environment
is needed. Greenpeace calls on policy makers to fully implement the Precautionary
Principle4 by restricting the entire group
of PFCs.
There is also a vital role for ordinary
people here – from nature lovers, outdoor
and wilderness enthusiasts such as climbers, skiers and walkers, to city dwellers and
families – anyone who cares about the future of our wild places and our own health
and environment. If we don’t act now to
stop the spread of PFCs across the planet,
contamination could build up to much
greater levels, leaving us with decades of
pollution to deal with. The outdoor industry and the politicians need to hear your
voices, to urge them to take action on the
elimination of ALL PFCs.

It’s time to act.
It’s time to Detox!
www.greenpeace.de/detox
1		 Greenpeace (2015). Detox Catwalk http://www.
greenpeace.org/international/en/campaigns/
detox/fashion/detox-catwalk
2		 See Box 4, Examples show PFC elimination is possible
3		 IPE – Chinese Institute for Environmental Affairs;
which is the only credible global chemical discharge disclosure platform
4		 Precautionary Principle: This means taking preventive action before waiting for conclusive scientific
proof regarding cause and effect between the substance (or activity) and the damage. It is based on
the assumption that some hazardous substances
cannot be rendered harmless by the receiving
environment (i.e. there are no ‘environmentally
acceptable’/’safe’ use or discharge levels) and that
prevention of potentially serious or irreversible damage is required, even in the absence of full scientific
certainty. The process of applying the Precautionary Principle must involve an examination of the full
range of alternatives, including, where necessary,
substitution through the development of sustainable alternatives where they do not already exist.
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Table 1 Results PFCs (in ng/l) in snow samples from Greenpeace expedtions into remote areas
Country

NRO sample
number

Sample
type

Russia
Altay Mountains

RUAS1
+ RUAS2

snow

RUAS0

field blank

HBSNOW01

snow

HBSNOW04

snow

< 0,299

< 0,039

0,034

0,020

< 0,059

< 0,049

< 0,016

HBSNOW
BLANK

field blank

< 0,502

< 0,065

< 0,049

< 0,026

< 0,099

< 0,083

< 0,027

S1S + S2S

snow

< 0,171

0,064

< 0,016

0,050

< 0,033

< 0,028

< 0,009

SFBS

field blank

< 0,532

< 0,069

< 0,052

< 0,028

< 0,105

< 0,088

snow 1

< 0,274

0,066

< 0,027

0,058

< 0,054

snow 2

< 0,290

< 0,038

< 0,028

0,034

NFBS

field blank

< 0,505

< 0,066

< 0,050

F1S + F2S

snow

0,163

0,055

FFBS

field blank

< 0,516

S1A

snow

S1B

China
Haba Snow Mountains

Sweden
Kiruna/Övre

Slovakia
High Tatras

Switzerland
Alps/Lake Macun

Chile
Patagonia /Torres del
Paine
Italy
Appennines
Sibillini Mountains
Turkey
Kackar Mountains

< 0,185

PFPeA

PFHxA

PFHpA

< 0,024

< 0,018

0,036

< 0,392

0,102

< 0,038

< 0,298

< 0,039

< 0,029

PFOA

PFNA

PFDA

0,040

< 0,030

< 0,009

0,053

< 0,077

< 0,065

0,016

< 0,058

< 0,049

PFUnA

PFDoA

PFTrA

PFTeA

PFBS

PFHxS

PFOS

PFDeS

< 0,007

< 0,059

0,013

< 0,016

< 0,082

< 0,051

< 0,045

< 0,009

< 0,012

< 0,062

< 0,038

< 0,009

< 0,012

< 0,062

< 0,039

< 0,009

< 0,006

< 0,016

< 0,020

< 0,105

< 0,065

< 0,016

< 0,010

0,051

0,050

0,040

< 0,035

< 0,022

0,007

0,006

< 0,021

< 0,080

< 0,017

< 0,021

< 0,111

< 0,069

< 0,017

0,063

< 0,010

< 0,041

0,035

0,038

< 0,057

< 0,035

< 0,015

0,048

< 0,011

0,115

0,045

0,036

< 0,060

< 0,084

< 0,027

< 0,036

< 0,020

< 0,076

< 0,016

< 0,020

0,034

< 0,026

< 0,008

0,064

< 0,006

< 0,024

0,058

< 0,027

< 0,102

< 0,086

< 0,027

< 0,036

< 0,020

< 0,078

0,067

0,221

0,107

0,722

0,183

0,067

0,056

0,065

0,161

0,282

0,348

0,659

0,137

0,092

0,021

< 0,503

0,071

< 0,049

0,031

< 0,099

< 0,084

0,047

< 0,036

0,021

< 0,301

0,051

< 0,029

0,199

< 0,059

0,321

0,031

0,040

< 0,012

snow

< 0,335

0,150

0,087

0,319

0,087

0,479

0,045

0,061

< 0,013

Macun_
GPCH_Snow
No. 3FB

field blank

< 0,312

0,076

0,035

0,058

< 0,061

< 0,052

0,023

< 0,022

SS1 + SS2

snow

< 0,521

< 0,068

< 0,051

0,094

< 0,103

< 0,087

< 0,028

SS3

field blank

< 0,346

< 0,045

< 0,034

< 0,018

< 0,068

< 0,057

ISS1

snow

< 0,351

< 0,046

0,120

0,240

0,209

0,755

ISS2

field blank

< 0,344

< 0,045

< 0,034

< 0,018

< 0,068

TUR02

snow

< 0,262

0,044

0,070

0,118

0,219

H4PFOS

8:2 FTS

PFOSA

< 0,003

< 7,233

< 0,024

< 0,012

< 0,008

< 15,30

< 0,050

< 0,101

< 0,009

< 0,006

< 11,65

0,092

< 0,077

< 11,68

0,045

< 0,077

< 19,61

< 0,065

< 0,129

< 6,694

< 0,022

0,123

< 0,011

< 20,78

< 0,068

< 0,137

0,009

< 0,005

< 10,73

< 0,035

< 0,071

< 0,037

0,011

< 0,006

< 11,34

< 0,037

< 0,075

< 0,106

< 0,066

< 0,016

< 0,010

< 19,74

< 0,065

< 0,130

0,038

< 0,033

< 0,020

0,023

0,008

< 6,269

< 0,020

0,061

< 0,016

< 0,021

< 0,108

< 0,067

< 0,016

< 0,011

< 20,15

< 0,066

< 0,133

< 0,049

< 0,010

0,070

0,161

< 0,042

< 0,143

< 0,006

< 12,68

0,330

0,157

< 0,058

< 0,012

0,022

< 0,081

< 0,050

0,015

< 0,008

< 15,19

0,052

< 0,100

< 0,076

< 0,016

< 0,020

< 0,105

< 0,065

< 0,016

< 0,010

< 19,66

< 0,065

< 0,130

< 0,045

< 0,009

< 0,012

< 0,063

< 0,039

< 0,009

< 0,006

< 11,75

< 0,039

< 0,077

< 0,050

< 0,010

< 0,013

< 0,070

< 0,043

< 0,010

< 0,007

< 13,07

0,055

< 0,086

< 0,012

< 0,047

< 0,009

< 0,012

< 0,065

< 0,040

< 0,010

< 0,006

< 12,18

0,067

< 0,080

0,090

< 0,020

0,305

0,021

0,029

< 0,109

< 0,068

< 0,016

< 0,011

< 20,35

< 0,067

< 0,134

< 0,018

< 0,024

< 0,013

< 0,052

< 0,011

< 0,014

< 0,072

< 0,045

< 0,011

< 0,007

< 13,52

< 0,044

< 0,089

0,170

0,194

0,046

< 0,053

0,020

< 0,014

< 0,073

< 0,045

0,024

< 0,007

< 13,71

< 0,045

< 0,090

< 0,057

< 0,018

< 0,024

< 0,013

< 0,052

< 0,011

< 0,014

< 0,072

< 0,044

< 0,011

< 0,007

< 13,43

< 0,044

< 0,088

0,059

0,042

< 0,018

< 0,010

< 0,039

< 0,008

< 0,010

< 0,054

< 0,034

< 0,008

< 0,005

< 10,23

0,038

< 0,067

0,008

0,212

< 0,021

0,029

< 0,015

< 0,016

< 0,021

< 0,011

< 0,021

< 0,011

< 0,045

< 0,036

< 0,020

< 0,076

0,072

< 0,006

< 0,028

< 0,038

< 0,045

< 0,014

< 0,057

< 0,048

< 0,026

< 0,099

< 0,015

0,050

< 0,067

< 0,051

< 0,325

0,078

snow

< 0,389

SFB

field blank

Macun_
GPCH_Snow
No. 1

snow

Macun_
GPCH_Snow
No. 2

< 0,038

PFHpS

0,270

0,049

Norway
Troms fylke

Finland
Kilpisjärvi

PFBA

0,058

0,009

0,100
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Table 2 Results PFC in ng/l in water samples from Greenpeace expedtions into remote areas
Country

NRO sample
number

Sample
type

Russia
Altay Mountains

RUAW1
+ RUAW2

water

RUAW0
HBW03 +
HBW04

China
Haba Snow Mountains
Slovakia
High Tatras

Switzerland
Alps/Lake Macun

Chile
Patagonia Torres del
Paine
Italy
Appeninnes
Lago di Pilato
Turkey
Kaçkar Mountains

PFBA

PFPeA

PFHxA

PFHpA

PFOA
0,173

PFNA

PFDA

0,605

< 0,034

< 0,025

0,174

field blank

< 0,495

< 0,065

< 0,049

< 0,026

water

< 0,233

< 0,030

< 0,023

< 0,012

HBW BLANK

field blank

< 0,526

0,732

0,062

0,179

W1A

water

< 0,521

0,216

0,083

0,137

W1B

water

< 0,526

0,121

0,087

0,096

0,190

0,118

0,048

WFB

field blank

< 0,526

< 0,069

< 0,052

< 0,027

0,470

< 0,087

< 0,028

Macun_
GPCH_Water
No. 1

water

0,773

< 0,062

0,156

0,326

0,561

0,233

0,051

Macun_
GPCH_Water
No. 2

water

< 0,481

< 0,063

0,127

0,225

0,355

0,140

Macun_
GPCH_Water
No. 3FB

field blank

< 0,477

< 0,062

< 0,047

< 0,025

0,248

WS1+WS2

water

1,118

< 0,038

0,038

0,025

WS3

field blank

< 0,538

< 0,070

< 0,053

IWS1

water

< 0,468

< 0,061

< 0,046

IWS2

field blank

< 0,532

< 0,069

TUR01

water

< 0,495

< 0,065

PFUnA

PFDoA

PFTrA

PFTeA

PFBS

PFHxS

PFHpS

PFOS

PFDeS

H4PFOS

8:2 FTS

PFOSA

< 0,010

< 0,054

< 0,034

0,010

< 0,005

< 10,17

< 0,033

< 0,067

0,151

0,039

0,037

0,170

< 0,082

< 0,026

< 0,035

< 0,019

< 0,075

< 0,015

< 0,020

< 0,104

< 0,064

< 0,015

< 0,010

< 19,36

< 0,064

< 0,128

< 0,046

< 0,038

< 0,012

< 0,016

< 0,009

< 0,035

< 0,007

< 0,009

< 0,048

< 0,030

< 0,007

< 0,004

< 9,100

< 0,030

< 0,060

0,338

< 0,087

0,030

< 0,037

< 0,021

< 0,079

< 0,016

< 0,021

< 0,110

< 0,068

0,020

< 0,011

< 20,57

< 0,068

< 0,136

0,191

0,117

0,047

0,051

< 0,020

< 0,078

< 0,016

< 0,021

< 0,109

< 0,068

0,030

< 0,011

< 20,35

< 0,067

< 0,134

0,052

0,024

< 0,079

0,021

< 0,021

< 0,110

< 0,068

< 0,016

< 0,011

< 20,57

< 0,068

< 0,136

< 0,037

< 0,021

< 0,079

< 0,016

< 0,021

< 0,110

<0,068

< 0,016

< 0,011

< 20,57

< 0,068

< 0, 136

< 0,033

< 0,018

< 0,071

< 0,015

0,075

< 0,099

< 0,061

0,089

< 0,010

< 18,45

< 0,061

< 0,122

0,048

< 0,034

< 0,019

< 0,072

< 0,015

0,056

< 0,101

< 0,062

0,053

< 0,010

< 18,80

< 0,062

< 0,124

< 0,079

< 0,025

< 0,034

< 0,019

< 0,072

< 0,015

< 0,019

< 0,100

< 0,062

< 0,015

< 0,010

< 18,62

< 0,061

< 0,123

< 0,057

< 0,048

< 0,015

< 0,020

< 0,011

< 0,044

< 0,009

< 0,012

< 0,061

< 0,038

< 0,009

< 0,006

< 11,41

< 0,037

< 0,075

< 0,028

< 0,106

< 0,089

< 0,028

< 0,038

< 0,021

< 0,081

< 0,017

< 0,022

< 0,112

< 0,070

< 0,017

< 0,011

< 21,00

< 0,069

< 0,139

0,084

< 0,092

< 0,078

0,035

< 0,033

< 0,018

< 0,070

< 0,014

0,031

< 0,098

< 0,061

< 0,015

< 0,009

< 18,28

< 0,060

< 0,120

< 0,052

< 0,028

< 0,105

< 0,088

< 0,028

< 0,038

< 0,021

< 0,080

< 0,017

< 0,021

< 0,111

< 0,069

< 0,017

< 0,011

< 20,78

< 0,068

< 0,137

0,070

0,100

0,113

< 0,082

0,041

< 0,035

< 0,019

< 0,075

< 0,015

0,034

< 0,104

< 0,064

< 0,015

< 0,010

< 19,36

< 0,064

< 0,128

< 0,010

< 0,039

< 0,008
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Table 3 PFC in snow – literature overview for comparison
Sample site

Period

Sample
type

PFBA

PFPeA

PFHxA

PFHpA

PFOA

PFNA

PFDA

PFUnA

PFDoA

PFTrA

PFTeA

PFBS

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

PFHxS
[ng/L]

PFHpS

PFOS

PFDeS

[ng/L]

[ng/L]

[ng/L]

H4PFOS

8:2 FTS

[ng/L]

[ng/L]

PFOSA

Sum PFCs

[ng/L]

[ng/L]

Mt. Muztagata
glacier, Tibetian
Mountains¹

1980 - 1999

snow core
from
glacier

BDL

0.0645 0.142

0.0220.100

BDL

0.0408 0.243

0.0103 0.0412

0.00790.05

BDL 0.0107

BDL 0.0331

ND

ND

ND

ND

0.0614 0.346

ND

ND

0.193 0.927

Mt. Zuoqiupu.
Tibetian
Mountains¹

1996 - 2007

snow core
from
glacier

BDL 0.0562

BDL 0.0498

BDL 0.0405

ND

0.0378 0.183

BDL 0.0734

BDL 0.075

ND

ND

ND

ND

ND

ND

BDL

ND

ND

0.0378 0.37

Near Lake Namco
Tibetian
Mountains¹

2010

surface
snow

0.913 2.569

0.0945 0.318

0.0635 0.14

0.241 0.982

0.068 0.191

0.0492 0.0908

0.0092 0.0358

BDL 0.0181

BDL 0.0186

ND

ND

BDL-0.005

ND

0.025 0.0642

ND

ND

1.875 4.236

Arctic Ocean¹

2006

snow/sea
ice

BDL - 1.0

BDL 0.066

BDL 0.066

BDL 0.069

0.039 0.71

0.038 0.22

BDL - 0.28

BDL - 0.12

BDL 0.075

BDL - 0.5

BDL 0.081

BDL - 1.5

BDL-0.026

0.22 - 8.1

Devon Island.
Canadian Arctic¹

1996 - 2006

ice cap

0.0131 0.147

0.005 0.143

BDL 0.0218

BDL 0.0273

0.0014 0.086

Canadian Artic¹

1996 - 2005

snow

0.0120.147

0.0050.246

<LOQ0.022

<LOQ0.027

0.00260.086

Devon,
Canadian Artic 8*

2005

surface
snow

0.0166

0.0091

0.0042

2005 - 2006

snow
(-25 cm)

0.01190.0139

0.0050.0051

0.00140.0015

0.0010.0011

0.00380.0042

Agassiz,
Canadian Artic 8*

2005 - 2006

surface
snow

0.01310.0537

0.00940.01

0.00260.0039

0.0051

0.00140.0023

Melville,
Canadian Artic 8*

2005 - 2006

surface
snow

0.01630.0386

0.00760.0098

0.00160.0045

0.0028

0.00240.0046

Meighen,
Canadian Artic 8*

2006

surface
snow

0.0151

0.0121

0.0022

0.0039

0.0016

Svalbard,
Norwegian Artic¹²

2006

snow

0.1085

0.0302

0.0758

0.0171

0.1125

0.0505

0.0218

BDL

0.00696

Fildes Peninsula,
King George
Island. Antarctica²

2011

snow

0.0766 1.112

BDL 0.2029

0.142 0.678

BDL

0.1067 0.3832

0.0188 0.1142

BDL 0.1108

BDL 0.2627

BDL 0.1892

BDL 0.485

BDL 0.143

Colle Gnifetti³

1996 - 2008

shallow firn
core

0.34 - 1.83

ND - 0.4

0.06 - 0.34

0.04 - 0.22

0.2 - 0.63

BQL - 0.31

BQL - 0.24

ND - 0.18

BQL - 0.11

ND - BQL

ND - BQL

Northern Sweden7

2009

snowpack

0.0170.823

BDL 0.589

0.01750.154

BDL0.0422

BDL-0.122

0.00540.252

0.00370.149

0.00210.266

BDL0.0852

BDL-0.04

BDL0.0167

BDL-2.163

BDL-0.651

BDL-0.128

0.00260.253

BDL0.0438

Eight Greenpeace
Expeditions
(own study)

2015

snow

BDL-0.163

BDL-0.150

BDL-0.161

BDL-0.319

BDL-0.348

BDL-0.755

BDL-0.183

BDL-0.194

BDL-0.056

BDL-305

BDL-0.270

BDL-0.070

BDL-0.161

BDL-0.058

BDL-0.024

BDL-0.008

BDL 0.044

0.02080.436

0.004

BDL

BDL
BDL 0.0166

0.0339
BDL 0.0535

0.0172 0.0199

0.018 0.0182

1.12922.4913

ND-BQL
BD-0.411
BDL

BDL-0.330

0.157
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Table 4 PFCs in water – literature overview for comparison
Sample site

Period

Sample
type

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

Fildes Peninsula,
King George
Island, Antarctica²

2011

surface runoff water

1.4306

0.0382

0.0635

0.1754

1.966

0.0175

BDL

BDL

BDL

BDL

2011

lake water

1.7137 2.670

0.0193 0.0893

0.0808 0.1968

BDL 0.0831

0.046 0.0974

0.0199 0.0282

BDL

BDL 0.0116

BDL

BDL 2.811

Cornwallis Island
Nunavut, Canadian
Artic 9*

2003

lake water

ND-49

0.4-16

ND-6.1

ND-29

0.2-5.9

ND-2.3

Western Canada¹

2004

lake water

0.72 - 1.0

0.3 - 0.75

0.1 - 0.25

BDL - 0.2

lake water

0.4-3.5

0.2-0.8

0.1-0.4

Great Lakes.
Canada/USA¹¹*

PFBA

PFPeA

PFHxA

PFHpA

PFOA

PFNA

PFDA

PFUnA

PFDoA

PFTrA

PFTeA

PFBS

PFHxS

PFHpS

PFOS

PFDeS

H4PFOS

8:2 FTS

PFOSA

[ng/L]

[ng/L]

[ng/L]

BDL

BDL

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

[ng/L]

BDL

0.0445

0.018

0.12

3.8738

BDL 0.3901

BDL 0.0499

BDL

0.0122 0.0219

0.018

BDL

2.1218 5.7679

0.9-90

ND-11

ND-24

0.05 - 0.11
0.3-3.2

0.2-5.9

0.033 14.833

<0.038 139.425

Switzerland 6

2009

surface
water

<0.069 2.656

BDL 13.503

<0.071 15.456

BDL 3.066

0.113 30.345

BDL 29.963

ND - 2.801

Hessen, Germany5

2010 - 2012

surface
water

2.4 - 23

0.76 - 9.4

0.23 - 13

0.23 - 24

0.16 - 6.5

BDL - 0.03

BDL - 0.19

0.06 - 5.6

0.04 - 4.6

Spain 5

2010 - 2012

surface
water

2.4 - 125

0.76 - 13

0.23 - 31

0.23 - 27

0.16 - 68

0.03 - 52

0.19 - 213

0.06 - 37

0.04 2709

Eight Greenpeace
Expeditions (own
study)

2015

lake water

BDL-1.118

BDL-0.732

BDL-0.156

BDL-0.326

BDL-0.561

BDL-0.233

BDL-0.051

BDL 2.562

BDL-0.052

Sum PFCs

BDL 0.269

BDL-0.024

BDL 1.023

BDL

ND - 0.260

BDL-0.021

BDL 9.993

BDL-0.075

BDL

BDL

BDL-0.089

0.1-0.3

BDL

BDL

BDL

BDL
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Method of investigation
Snow and lake water samples were taken
by Greenpeace teams at sites classified as
remote. Water samples were taken using
pre-cleaned 1 litre amber glass bottles.
Snow samples were taken using precleaned stainless steel or aluminum shovels and transferred to 2.5 litre pre-cleaned
amber glass bottles. The snow inside of
the glass bottle was compacted by a precleaned glass in order to maximize the
water volume which would result from
melting snow later on. With the exception
of Turkey, at each site two snow and two
lake water samples and one field blank for
each matrix were taken. After sampling,
glass bottles were covered with aluminum
foil and closed carefully by a screw cap
and sealed with Parafilm. All samples were
transported and stored refrigerated.
Samples were extracted applying an analytical method optimized for larger water
volumes of up to 2 litres. The optimized
method based on the accredited routine
method for the analysis of PFAS in water
samples which is routinely applied for
rather small water volumes. The optimization mainly referred to the selection of
suited solid phase extraction (SPE) adsorbents and suited materials and equipment
for filtration as large sample volumes may
result in SPE cartridge clogging. Furthermore, PFC analyses were accompanied
with an elevated number of laboratory
blanks.
Prior to the analysis, samples within the
amber glass bottles were weighed. The
bottle contents (water) were transferred to
pre-cleaned polyethylene beakers. Bottles
were rinsed with ultrapure water which
was added to the corresponding sample
water. Empty glass bottles were weighed
again to determine the sample volume on
the basis of the mass difference. If the vol-

ume of a snow sample was below 1.5 litres,
both snow samples of one site were combined in order to enhance the probability
of PFAS quantification (snow samples
from Chile, Italy, Russia, Finland, Sweden,
and Turkey). If snow samples volumes
were above 1.5 litres, parallel samples were
analyzed separately. With the exception of
samples from Russia, China and Chile, parallel lake water samples were always analyzed separately. Taken the results of snow
samples, it was decided to combine parallel
lake water samples from Russia, China and
Chile to enhance the probability of PFAS
quantification. Overall, 23 snow and 15 water samples were analyzed (including field
blanks).
Prior to the extraction, mass-labelled internal standards (13C4-PFBA, 13C2-PFHxA,
13C8-PFOA, 13C5-PFNA, 13C2-PFDA, 13C2PFUnA, 13C2-DoA, 18O2-PFHxS, 13C4PFOS) were added to each sample. Samples
were left for equilibration for about half an
hour and then filtered using pre-cleaned
cellulose wool. The wool was slightly dried
and then extracted twice by ultrasonication using methanol. The methanol was
concentrated to about 1 ml and added to
the water phase. Filtered water samples
were extracted by SPE. The weak anion exchange SPE was first rinsed with methanol
and ultrapure water. After application of
the water sample and a washing step with
an ammonia acetate buffer, PFASs were
eluted using 0.1 % ammonia in methanol.
Prior to the instrumental analysis, eluates
were concentrated to dryness, resolved in
methanol/water 1:1 (v:v) and a recovery
standard (13C4-PFOA).

Table 5 Target analytes
Compound class

Abbreviation

Perfluoroalkyl carboxylates (PFCAs) PFBA

Perfluoroalkyl sulfonates (PFSAs)

other polyfluorinated substances

Compound
Perfluorobutanoate

PFPeA

Perfluoropentanoate

PFHxA

Perfluorohexanoate

PFHpA

Perfluoroheptanoate

PFOA

Perfluorooctanoate

PFNA

Perfluorononanoate

PFDA

Perfluorodecanoate

PFUnA

Perfluoroundecanoate

PFDoA

Perfluorododecanoate

PFTrA

Perfluorotridecanoate

PFTeA

Perfluorotetradecanoate

PFBS

Perfluorobutane sulfonate

PFHxS

Perfluorohexane sulfonate

PFHpS

Perfluoroheptane sulfonate

PFOS

Perfluorooctane sulfonate

PFDS

Perfluorodecane sulfonate

PFOSA

Perfluorooctane sulfonamide

6:2 FTS

1H,1H,2H,2H-perfluorooctane
sulfonate, H4PFOS

8:2 FTS

1H,1H,2H,2H-perfluorodecane
sulfonate

PFASs (Table 1) were measured by HPLC/
MS-MS (mobile phase methanol/water +
HCOOH / ammonia acetate buffer; gradient elution). Identification of the individual
substances was based on retention times,
precursor-to-product ion ratios and peak
areas. Quantification was conducted according to the isotope dilution method.

QA/QC
Sample equipment was rinsed with water,
methanol, and acetone and then heated to
250°C overnight. Equipment which could
not be heated was intensively washed with
high purity solvents prior to use. With the
exception of Turkey, one field blank per
matrix was taken at each site. Separate
analytical steps were investigated for their
contribution to cause blank contamination.

With each batch of samples extracted, one
laboratory blank was analyzed (i.e. overall
eight lab blanks). Method quantification
limits (MQLs) were calculated on the basis
of lab blanks. All results were corrected by
the average lab blank.
Instruments were regularly checked. Calibrations were performed using at least
10 calibration points. Calibration was
reassessed with each sequence using individual calibration standards. At significant
differences, calibration was repeated.
Several mass- labelled internal PFAS
standards were added to each sample to
determine individual recovery rates and
identify potential retention time shifts.
All results were checked for plausibility.

