
 

Hazardous Footprints Everywhere: Two Faces of Outdoor Industry 
 
Chapter 1, Water in pristine environments, PFCs and Outdoor industry  
 
In September of 2015, Greenpeace Germany launched a latest report, <Footprints in 
the snow—Hazardous PFCs in remote locations around the globe>1. This report 
shows that eight Greenpeace expedition teams on three continents took water and 
snow samples to be tested for the presence of environmentally hazardous 
chemicals—Perfluorinated chemicals (PFCs).  
 
The results showed clearly that PFCs chemicals were 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 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. 

 
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 snow2. 
 
After the investigation in the snow collected from global remote areas, Greenpeace 
East Asia conducted a local testing for PFCs in fresh water samples collected from 
natural environments of Korea, Taiwan and Hong Kong. In each country and region, 
Greenpeace selected 5 locations including mountain lakes, streams, reservoirs and 
ponds that are less affected by human activities to take water samples for PFCs 
testing. Greenpeace took total 10 water samples in 5 sampling sites(each sampling 
sites has 2 water samples) from each country and region, and adopted the same 
sampling methodology and laboratory with the report of <Footprints in the snow> 
for PFCs testing.    

 
The testing result shows that different kinds of PFCs were identified in water samples 
from most of the sampling sites that the field team visited. Some sampling sites of 
Hong Kong were found to have the highest concentration of PFCs, especially for 
hazardous PFOS and PFOA, the concentration of PFOS from one of samples is reach 
to 10.345ng/l. Short chain PFCs were also found from all sampling sites in Hong Kong 
such as Tai Lam Chung Reservoir has Perfluorobutanoic acid (PFBA) 
(1.754~1.874ng/l.). In Taiwan, both long chain PFCs, such as Perfluorooctane 
Sulfonate (PFOS) (0.297~0.324ng/l in Nanren Lake) and Perfluorooctanoic Acid 
(PFOA) (0.903~1.138ng/l in Nanren Lake), and short chain PFCs, such as PFBA 
(1.918~2.191ng/l in Emerald Peak Lake), were found in 2 mountain lakes samples of 
Taiwan showing that PFCs have also found their way to our protected areas. In Korea, 

1 http://detox-outdoor.org/assets/uploads/Report%20RAE/RAE_report_08_2015_english_final.pdf  
2 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 
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PFCs were identified in all sampling locations of the most pristine areas of Korea. 
Only 1 pond sample has been identified with many kinds of PFCs, both long chain 
PFCs, such as PFOA (0.786~0.789 ng/l) and PFOS (0.345~0.354 ng/l), and short chain 
PFCs, such as PFBA (0.790~0.824 ng/l), were found in Hwangji Pond. 
 
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 dirt-repellent 
finishes. They are used for their unique chemical properties, especially their stability 
and their ability to repel both water and oil. 
 
Currently, an array of scientific studies suggests that the PFCs problem is nowhere 
near to being solved3. Greenpeace East Asia now wants to further raise awareness of 
PFCs problems found by the testing in East-Asia region.  
 
Chapter 2, what is PFCs? 
 
Perfluorinated chemicals (PFCs) are a diverse group of compounds resistant to heat, 
water, and oil4. PFCs are all man-made chemicals that are not produced by natural 
processes and hence never occur in nature other than as a result of human activity. 
They can travel via air and water currents to all parts of the earth.  
 
These chemicals are persistent, and resist degradation in the environment5. They 
also bioaccumulate, meaning their concentration increases over time in the blood 
and organs6. PFCs are a kind of harmful chemicals both to environment and human. 
Many of them are also relatively insoluble in both water and oils7. 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.  
 
Distribution in the environment and bioaccumulation 
 
However, the durability of this group of chemicals also leads to potentially 
devastating consequences for the environment, as it means that they persist for long 
periods in nature once they are released8, and they are dispersed over the entire 
globe. Of particular concern are the hazardous long-chain PFCs, for example, PFOS 

3 See box 3, Footprints in the snow 
4 EPA of the U.S. http://www2.epa.gov/chemical-research/perfluorinated-chemical-pfc-research  
5 EPA of the U.S. http://www2.epa.gov/chemical-research/perfluorinated-chemical-pfc-research  
6 EPA of the U.S. http://www2.epa.gov/chemical-research/perfluorinated-chemical-pfc-research  
7 EPA of the U.S. http://www2.epa.gov/chemical-research/perfluorinated-chemical-pfc-research 
8 Key BD, Howell RD & Criddle CS (1997). “Fluorinated organics in the biosphere”, Environmental Science & Technology, vol 31, 
no 9, pp2445-2454 
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and PFOA are compounds so resistant to degradation that it is expected to persist for 
very long periods in the environment9.  
 
They have been reported as contaminants in almost all environmental media, 
including freshwater, groundwater and seawater sediments and soils. And these 
pollutants are also found in secluded mountain lakes and snow from remote 
locations. Previous Greenpeace East Asia found PFCs in the wastewater of Chinese 
textile factories 10 , in wild fish that are caught for consumption in China 11 ; 
Greenpeace Research Laboratories found PFCs in eels from eleven European 
countries12.  
 
Health impacts 
 
For some PFCs there is evidence that they cause harm to reproduction, promote the 
growth of tumors and affect the hormone system in humans as well as other animals. 
For example, high combined levels of PFOA and PFOS in the blood of men in 
Denmark were found to be associated with a reduced count of normal sperm13.  
 
Studies14 also indicate that continued exposure to low levels of PFOA in drinking 
water may result in adverse health effects. 
 
In the aquatic environment, PFCs have been reported in organisms at all levels of 
food webs15. It has been suggested that sea fish and other seafood may account for 
the majority of human exposure in China161718.Based on the limited information19 
available, fish and fishery products seem to be one of the primary sources of human 
exposure to PFOS.  
 

9 Kannan K, Corsolini S, Falandysz J, Oehme G, Focardi S & Giesy JP (2002). “Perfluorooctanesulfonate and related fluorinated 
hydrocarbons in marine mammals, fishes, and birds from coasts of the Baltic and the Mediterranean Seas”, Environmental 
Science & Technology, vol 36, no 15, pp3210-3216 
10 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  
11 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  
12 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  
13 Joensen U, Bossi R, Leffers H, Jensen A & Skakkebaek N (2009). “Do perfluoroalkyl compounds impair human semen quality?”, 
Environmental Health Perspectives, vol 117, no 6, pp923-927 
14 Post and others 2012, http://www2.epa.gov/sites/production/files/2014-
04/documents/factsheet_contaminant_pfos_pfoa_march2014.pdf 
15 Houde M et al (2006) op cit. 
16 Zhang T, Sun HW, Wu Q, Zhang XZ, Yun SH.& Kannan K (2010).“Perfluorochemicals in meat, eggs and indoor dust in China: 
Assessment of sources and pathways of human exposure to perfluorochemcials”, Environmental Science & Technology, vol 44, 
no 9, pp3572-3579 
17 Zhang T, Wu Q, Sun HW, Zhang XZ, Yun SH & Kannan K (2010). “Perfluorinated compounds in whole blood samples from 
infants, children,and adults in China”, Environmental Science & Technology, vol 44, no 11, pp4341–4347 
18 Berthiaume J & Wallace KB (2002). “Perfluorooctanoate, perfluorooctanesulfonate, and N-ethylperfluorooctanesulfonamido 
ethanol; peroxisome proliferation and mitochondrial biogenesis”, Toxicology Letters, vol 129, pp23-32 
19 EFSA 2008, http://www2.epa.gov/sites/production/files/2014-
04/documents/factsheet_contaminant_pfos_pfoa_march2014.pdf  
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While a federal screening level or toxicity value for the consumption of fish has not 
yet been established, the Dutch National Institute for Public Health and the 
Environment has calculated a maximum permissible concentration for PFOS is 
suggested to be 0.65ng/L for fresh water (based on consumption of fish by humans 
as the most critical route) 20 
 
Studies21 have found PFOS and PFOA in the blood samples of the general human 
population and wildlife nationwide, indicating that exposure to the chemicals is 
widespread. 
 
Unlike many persistent organic pollutants (POPs), PFOS accumulates in the bodies of 
animals by binding to proteins in the blood, thereby building up to particularly high 
levels in liver tissue222324. PFCs have been detected in the environment around the 
globe – in animals, in human blood2526 and in breast milk2728. Some accumulate in 
food29, in drinking water30 and in the air we breathe, and thus can pass into the body. 
Greenpeace Germany tested on human blood in 2006 found PFCs in almost every 
sample31. In the US, average concentrations of PFOS, PFOA and PFHxS in blood 
samples have fallen in recent years, perhaps due to the discontinuation of industrial 
production of PFOS and related chemicals in the US in 200232. Conversely, in 
Shenyang, China, levels of PFOS and PFOA in human blood increased between 1987 
and 200233.  
 
 

20 Moermond and others 2010, http://www2.epa.gov/sites/production/files/2014-
04/documents/factsheet_contaminant_pfos_pfoa_march2014.pdf 
21 ATSDR 2009; EPA 2006a, http://www2.epa.gov/sites/production/files/2014-
04/documents/factsheet_contaminant_pfos_pfoa_march2014.pdf 
22 Giesy JP & Kannan K (2001). “Global distribution of perfluorooctane sulfonate in wildlife”, Environmental Science & 
Technology, vol 35, no 7, pp1339–1342 
23 Martin JW, Mabury SA, Solomon KR & Muir DCG (2003). “Bioconcentration and tissue distribution of perfluorinated acids in 
rainbow trout (Oncorhynchus mykiss)”, Environmental Toxicology & Chemistry, vol22, no 1, pp196–204 
24 Martin JW, Mabury SA, Solomon KR & Muir DCG (2003). “Dietary accumulation of perfluorinated acids in juvenile rainbow 
trout (Oncorhynchus mykiss)”, Environmental Toxicology & Chemistry, vol 22, no 1, pp189-195 
25 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 
26 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 
27 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 
28 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 
29 Houde M et al (2006) op cit. 
30 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 shorter-chained C4-C7 PFCs, Int J Hyg Environ Health. 2010 Jun; 
213(3):224-32 
31 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  
32 Calafat AM, Wong L-Y, Kuklenyik Z, Reidy JA & Needham LL (2007).“Perfluoroalkyl chemicals in the U.S population: data from 
the National Health and Nutrition Examination Survey (NHANES) 2003–2004 and comparisons with NHANES 1999–2000”, 
Environmental Health Perspectives, vol 115, no 11, pp1596–1602 http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2072821/  
33 Jin Y, Saito N, Harada KH, Inoue K & Koizumi A (2007). Historical trends in human serum levels of perfluorooctanoate and 
perfluorooctane sulfonate in Shenyang, China. Tohoku J. Exp. Med. 212: 63-70. 
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Regulation 
 

Given the high persistence of PFCs, even if all uses are discontinued, they would 
continue to exist in the environment for a long period. However, the mere fact is they 
are nowhere near being completely restricted. In Korea, Taiwan and Hong Kong, 
there are currently very weak regulations governing the manufacture and use of 
PFCs. Hong Kong does not impose any regulatory limits on PFCs except PFOS. Taiwan 
government has only listed PFOS as toxic chemicals, but can still be used in various 
application, from textile to electronics. PFOS and PFOA are fully fluorinated, organic 
compounds and are the two perfluorinated chemicals (PFCs)34. However, PFOS has 
been already included among the persistent organic pollutants (POPs) regulated by 
the Fourth Conference of Parties of the Stockholm Convention in May 200935, a 
global treaty to protect human health and the environment from the effects of POPs. 
Contracting parties to the Convention are required to take measures to restrict the 
production and use of PFOS, although a wide range of uses are currently exempt36. 

 
The marketing and use of PFOS have also been prohibited for certain applications 
within the EU37 and in Canada38. Moreover, none of these restrictions apply to other 
PFCs. Furthermore, even when all uses are discontinued, the high persistence of 
PFOS and other PFCs will inevitably mean that they continue to be in the 
environment for a long period. 

 
Chapter 3, Methodology of Sampling and Testing  
 
Three field teams from Greenpeace East Asia were equipped with PFC-free clothing 
and sent to sampling sites which took place in July of 2015. The teams collected 
water samples. 
Pre-cleaned glass bottles were used for the sampling, and the bottles were wrapped 
individually and transported in PFC-free polyethylene bags. The water samples were 
filled into a 1-liter glass bottle directly from the sampling sites. Two bottles water 
samples were collected at each sampling site. For samples in all locations, field 
blanks were taken in order to determine if any contamination had occurred during 
the sampling, testing or as a result of the equipment used. 
 
Samples were sent to an independent accredited laboratory for analysis. All samples 
were transported and stored refrigerated. For more information about Methodology 

34 Emerging Contaminants – Perfluorooctane Sulfonate (PFOS) and Perfluorooctanoic Acid (PFOA), EPA of the U.S., March 2014; 
http://www2.epa.gov/sites/production/files/2014-04/documents/factsheet_contaminant_pfos_pfoa_march2014.pdf 
35 Geneva: Stockholm Convention Secretariat. 8 May 2008. 
http://chm.pops.int/Convention/Pressrelease/COP4Geneva8May2009/tabid/542/language/en-US/Default.aspx  
36 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/Programmes/New%20POPs/The%209%20new%20POPs/tabid/672/language/en-US/Default.aspx  
37 Commission Regulation (EC) No 552/2009 of 22 June 2009 amending Regulation (EC) No 1907/2006 of the European 
Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) as regards 
Annex XVII, Official Journal L 164. 26.6.2009, pp7-31 
38 CEPA (2008). “Perfluorooctane sulfonate and its salts and certain other compounds regulations (SOR/2008-178) under the 
Canadian Environmental Protection Act, 1999”, Canadian Environmental Protection Agency, Canada Gazette Part II, vol 142, no 1 
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of Sampling and Testing, refer to Appendix I. 
 
Chapter 4, Case Study 
 
4.1 Hong Kong 

4.1.1 Background 
 
Hong Kong's reservoirs are the main source of drinking water in Hong Kong. They are 
constructed by Hong Kong government and are usually located in country park 
areas.39 Most of the reservoirs mainly collect rain water, while some of them also 
store water which comes from Dongjiang River of Mainland China.  
 
Greenpeace East Asia took water samples from 5 the largest reservoirs in Hong Kong 
which store drinking water40. High Island Reservoir, Plover Cove Reservoir, Tai Lam 
Chung Reservoir, 3 of them contains water from Dongjiang River together with rain 
water; Shing Mun Reservoir and Shek Pik Reservoir mainly collect rain water and 
mountain stream water. The 5 reservoirs all located in country park area, without any 
industrial or domestic pollution sources nearby. See the map of sampling sites below.  

 
A: Plover Cove Reservoir; B: High Island Reservoir; C: Shek Pik Reservoir; D: Tai Lam Chung Reservior; E: Shing 

Mun Reservoir 

39 http://www.wsd.gov.hk/tc/education/fun_of_fishing_in_hong_kong/brief_introduction_of_reservoirs/； 
40 
http://www.wsd.gov.hk/tc/publications_and_statistics/statistics/capacity_of_impounding_reservoirs_in_hong_kong/index.html； 
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Picture 1：The map showing the 5 sampling sites in Hong Kong 

 
4.1.2 Key findings and discussion 

 
• We identified the existence of PFCs in all 5 sampling sites. Reservoirs collecting 

water from Dongjiang River contain a higher concentration of PFCs than those 
receiving mainly from rainwater and mountain stream water. 

• We identified the hazardous PFOS and PFOA in all 5 sampling sites. Samples from 
Plover Cove Reservoir were found containing the highest concentration of PFOS 
(3.781~10.335ng/L) and PFOA (1.020~1.020ng/L). A certain concentration of 
hazardous PFCs is contaminating the Hong Kong fresh water system.  

• Short chain PFCs (C4-C7) were found in all 5 sampling sites, including PFBA, PFBS 
and PFHxA. Tai Lam Chung Reservoir contains the highest concentration of PFBA 
(1.754~1.874ng/L) and PFHxA (0.422~0.449 ng/L). Plover Cove Reservoir contains 
the highest concentration of PFBS (0.863~0.875ng/L). 

• However, reservoirs receiving mainly rainwater still contain PFCs, it may relate to 
the transferable characteristic of PFCs. PFCs is difficult to degrade once getting 
into the environment and it can travel through atmosphere. Some PFCs are highly 
volatile; it can spread through in the atmosphere and rain. According to the 
studies of outdoor products in 201241 and 201342 by Greenpeace Germany, PFCs 
will evaporate from the products into the air. Therefore, even there are no 
industries producing or using PFCs chemicals in Hong Kong, PFCs is still exist in 
the natural environment. 

 
4.2 Taiwan 
 
4.2.1 Background 
 
Greenpeace East Asia took total 10 water samples from 5 sampling sites around 

Taiwan that are either in protected areas or considered more “pristine environment”, 

including upstream of Ching-Shui Stream, Emerald Peak Lake, upstream of Takechin 
Stream, upstream of Dashipan Stream, and Naren Lake. See the map of sampling 
sites below.  

41 Greenpeace e.V. (2012). Chemistry for any weather, Greenpeace tests outdoor clothes for perfluorianted toxins, October 
2012; 
42 Greenpeace e.V. (2013). Chemistry for any weather, Part II, Executive Summary, Outdoor Report 2013,  December 2013; 
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A：Upstream of Ching-Shui Stream; B：Emerald Peak; C：Upstream of Takechin Stream; D：Upstream of 

Dashipan Stream; E：Nanren Lake 

Picture 2：The map showing the 5 sampling sites in Taiwan 

 
4.2.2 Key findings and discussion 

 
• Among the 5 sampling sites in Taiwan, PFCs were identified in 3 sampling sites, 

Emerald Peak Lake, Nanren Lake and upstream of Dashipan Stream. Samples 
from Emerald Peak Lake have a higher PFCs concentration. Both long chain PFCs, 
such as PFOS and PFOA, and short chain PFCs, such as PFBA, were found in those 
sampling sites showing that PFCs chemicals have also found their way to our 
protected areas. 

• Previous studies43444546 in Taiwan have shown the existence of PFCs in the local 
aquatic environment, aquatic life, and receiving aquatic environment of 
industrial and municipal wastewater treatment plants and upstream of the 
effluents of those plants, especially high concentration of PFOS and PFOA were 
identified in the effluents and down streams. In 2013, Greenpeace Taiwan has 
also found PFCs in indoor dust47.  

43 行政院環境保護署. (2014). 持久性有機汙染物斯德哥爾摩公約國家實施計畫 2013 年成果報告. 
http://toxicdms.epa.gov.tw/edm/EpaperContent.aspx?EpaperTitleid=69&type=5&id=2719 
44 Angela Yu-Chen Lin, Sri Chandana Panchangam. (2010). High levels of perfluorochemiclas in Taiwan’s wastewater treatment 
plants and downstream rivers pose great risk to local aquatic ecosystems. Chemosphere 80(2010) 1167-1174 
45 Angela Yu-Chen Lin, Sri Chandana Panchangam, Yu-Ting Tsai, Tsung-Hsien Yu. (2014). Occurrence of perfluorinated 
compounds in the aquatic environment as found in science park effluent, river water, rainwater, sediments, and biotissues. 
Environ Monit Assess (2014) 186: 3265-3275 
46行政院環境保護署.(2010).產業廢水汙染調查及管制措施研議計畫(第二年). 
http://epq.epa.gov.tw/EPQ_ResultDetail.aspx?proj_id=0997538590&recno=&document_id=1865 
47 Greenpeace (2013). 毒家報導 – 室內灰塵檢測報告. 
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• In Taiwan, even PFOS is listed as a toxic chemical substance under regulation, it is 
still allowed for many applications, from textile to electronic industry48, while the 
international communities have been gradually applying stricter regulations or 
even ban on substances such as PFOS and PFOA. In the latest Taiwan 
Environmental Protection Administration’s survey on the environmental 
distribution of toxic chemicals, PFCs were still not listed as testing chemicals.49In 
addition, under Water Pollution Act and Drinking Water Quality Standards of 
Taiwan, no limits were set for PFCs. 
 

4.3 Korea 

4.3.1 Background  
 
Korea is a major importer of PFCs in the world. According to mouse experiments, 
PFOA and PFOS increase infant mortality rate and decreases postnatal growth. Most 
of outdoor products’ DWR treatment is made in Daegu. PFCs based DWR produced in 
Korea per year is approximately 12,150-ton (based on information shared officially by 
DWR producers) and 80% of it is used on fabrics. 
 
Greenpeace East Asia took total 10 water samples from 5 sampling sites in Korea. All 
located in remote areas with the least concentration of industrial and human 
contact, 5 sampling locations in Korea are all expected to be the most unspoiled 
places in the country. There are Gapyeong-Cheon stream50which is the cleanest 
stream in Gyeonggi Province with grade 1 water quality (BOD under 1.0) and located 
in a well preserved natural terrain; Bangtae-Cheon stream51 which is known to be the 
treasure-house of biodiversity, the samples were taken in the highest end of the 
stream; Buyeon-cheon stream 52  which is the longest and cleanest stream in 
Yeongdong Province, the stream flows across a remote valley of Buyeon that has 
been nicknamed ‘the first valley under the Sun’ because of the terrain’s high altitude 
and Greenpeace took the samples at the most reachable highest point of the stream; 
Geomnyongso Pond, named as one of the best national scenic spots, is a source of 
the Han River, the water from the pond flows all the way from the north to Seoul 
then continuing out to the West Sea, and if the water of Geomnyongso pond is 
contaminated by PFCs, it could potentially mean that people nearby the ground 
water along the stream are also exposed to the PFCs contamination; Hwangji Pond 

http://www.greenpeace.org/taiwan/zh/publications/reports/toxics/2013/dust-test-report/ 
48 Refer to 依環保署《毒性化學物質管理法》子法 列管毒性化學物質及其運作管理事項之公告列管性毒性化學物質得使

用用途 
49 行政院環境保護署. (2015). 毒性化學物質環境流布調查成果手冊. 
http://www.epa.gov.tw/site/epa/public/MMO/epa/%E6%AF%92%E6%80%A7%E5%8C%96%E5%AD%B8%E7%89%A9%E8%B3%
AA%E7%92%B0%E5%A2%83%E6%B5%81%E5%B8%83%E8%AA%BF%E6%9F%A5%E6%88%90%E6%9E%9C%E6%89%8B%E5%86
%8A%20%20-103%E5%B9%B4%E7%89%88-.pdf  
50 http://17cwd.kidnews.pa.go.kr/index.php?gi=paper&gk=1001&mn=cnews&mode=read&nlk=66572&pk=103&psk=1765 
51 
http://water.nier.go.kr/waterBoard/waterBoardContent.do?boardType=weis/2_data&frontYn=Y&returnUrl=/front/waterPress/
PDSView.jsp&seq=1468#  
52 http://water.nier.go.kr/waterEasy/selectBeauty.do?num=7 
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http://water.nier.go.kr/waterBoard/waterBoardContent.do?boardType=weis/2_data&frontYn=Y&returnUrl=/front/waterPress/PDSView.jsp&seq=1468
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which is a source of the Nakdong River (525km), the longest river in Korea, the pond 
is an important joint of underground water flow through the valleys of several 
mountains surrounding the city of Taebaek. See the map of sampling sites below.  

 
A：Gapeyong-cheon; B：Bangtae-cheon; C：Buyeon-stream; D：Hwangji Pond; E：Geomnyongso Pond 

Picture 3：The map showing the 5 sampling sites in Korea 

 
4.3.2 Key findings and discussion 

 
• PFCs were identified in all sampling locations of the most pristine areas of Korea.  
• Samples from Hwangji Pond showed the highest concentration of PFCs in Korea.  
• Noticeable results were found in the concentration of long chain PFCs, PFOA and 

PFOS in Hwangji Pond water which were the highest amongst all sampling 
locations of Korea. Higher concentration of PFOA than PFOS specifically in 
Hwangji pond. 

• In the meantime, Daegu is the largest textile producer in Korea with many 
chemical processing and dyeing businesses. This could implicate the role of 
textile industries in the findings of such PFCs levels found through this local 
environment testing. 
 

Chapter 5, Greenpeace’s suggestions and comments 
 
As this report demonstrates once again, PFCs are being transported and deposited 
locally in remote mountainous regions. On 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. PFCs are being used by 
outdoor brands today to make their products weather resistant.  
 
The outdoor industry needs to urgently initiate concrete action plans to drastically 
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reduce and ultimately eliminate its use of PFCs resulting in their elimination from 
products and their supply chains with concrete timetable. This demand is supported 
by many scientists, more than 200 scientists from 38 countries signed the ‘Madrid 
statement’53, which calls for the elimination of PFCs from consumer products where 
they are not essential and when safer alternatives exist.  

 
Greenpeace calls on both the outdoor industry and political decision makers urgently 
need to ensure that the well-known and controversial long chain PFCs are not 
substituted with larger quantities of the lesser known volatile or short chain PFCs and 
to fully implement the Precautionary Principle by restricting the entire group of PFCs.  
To be credible, the commitment by industry 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 platform and to demonstrate 
the progressive reduction of their use. This kind of data is being published by other 
companies.54 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, the government should regulate not only for PFOA and PFOS, but 
also for all PFCs.  

 
To make this happen, pressure from the public is vital – from nature lovers, outdoor 
and wilderness enthusiasts such as climbers, skiers and hikers, to city dwellers and 
families – anyone who cares about the future of our wild places, 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. 
 
Appendix I:  
 
Methodology of Sampling and Testing  
 
Three Greenpeace field 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 July of 2015. The teams collected water samples. 

 
Methodology of sampling in brief 

 

53 Madrid Statement ( 2015). Op.cit.   
54 IPE – Chinese Institute for Environmental Affairs; which is the only credible global chemical discharge disclosure platform 
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Specially cleaned glass bottles were used for the sampling, which were previously 
cleaned and heated in the investigation laboratory. 

 
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. 

 
The water samples were filled into a 1-liter glass bottle directly from the sampling 
sites. Two bottles were collected at each sampling site. 
 
In Hong Kong, Total 10 water samples (duplicates) were collected from the 5 
sampling sites which are the Plover Cove Reservoir, High Island Reservoir, Shek Pik 
Resercoir, Tai Lam Chung Reservoir, Shing Mun Reservoir separately and each 
duplicate was analyzed separately.  

 
In Taiwan, Total 10 water samples (duplicates) were collected from the 5 sampling 
sites which are Takechin Stream, Ching-Shui Stream, Dashipan Stream, Emerald Peak 
Lake and Nanren Lake separately and each duplicate was analyzed separately.  

 
In Korea, Total 10 water samples (duplicates) were collected from the 5 sampling 
sites which are Gapyeong-cheon (stream), Bangtae-cheon (stream), Namdae-cheon 
(stream), Geomnyongso Pond, Hwangji pond separately and each duplicate was 
analyzed separately.  

 
For samples in all locations, field blanks were taken in order to determine if any 
contamination had occurred during the sampling, testing or as a result of the 
equipment used. In each case, one 1-liter 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 not rinsed filled with 1 liter pure water which was 
subsequently analyzed in an identical way to the samples.  

 
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). 
 
Method of testing in brief  
 
Samples were sent to an independent laboratory hold an accreditation for analysis. 
All samples were transported and stored refrigerated.  
 
Samples were extracted applying an analytical method optimized for larger water 
volumes of up to 2 liters. 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 
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suited solid phase extraction (SPE) adsorbents and suited materials and equipment 
for filtration as large sample volumes may result in SPE cartridge clogging. 
Furthermore, PFCs 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.  
 
Overall, 45 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, 13C2-PFUnA, 13C2-DoA, 18O2-PFHxS, 13C4-
PFOS) 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 ultra-sonication 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). 
 
PFASs 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. Separate analytical steps were investigated for 
their contribution to cause blank contamination. With each batch of samples 
extracted, one laboratory blank was analyzed. 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 
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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. 
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Appendix II: Results PFCs in ng/l in Water samples from Greenpeace local environmental testing program 
 
Hong Kong 
 

 
  

Unit: ng/L Sample 1 Sample 2 Field Blank Sample 3 Sample 4 Field Blank Sample 5 Sample 6 Field Blank Sample 7 Sample 8 Field Blank Sample 9 Sample 10 Field Blank
PFBA 1.000 1.065 < 0,279 0.347 0.314 < 0,297 0.466 0.486 < 0,276 1.754 1.874 < 0,282 0.567 0.501 < 0,274
PFPeA 0.204 0.278 < 0,014 0.049 0.049 < 0,015 0.116 0.088 < 0,014 0.207 0.241 < 0,014 0.038 0.032 < 0,014
PFHxA 0.457 0.368 < 0,055 0.112 0.123 < 0,059 < 0,051 < 0,053 < 0,055 0.449 0.422 < 0,056 < 0,055 < 0,054 < 0,054
PFHpA 0.039 0.044 < 0,018 0.085 0.080 < 0,019 < 0,016 < 0,017 < 0,018 0.154 0.132 < 0,018 0.037 0.028 < 0,017
PFOA 1.020 1.020 < 0,026 0.743 0.728 < 0,028 0.199 0.186 < 0,026 0.766 0.809 < 0,026 0.192 0.164 < 0,026
PFNA 0.305 0.401 < 0,036 0.217 0.213 < 0,038 0.090 0.084 < 0,036 0.334 0.272 < 0,036 0.117 0.111 < 0,035
PFDA 0.147 0.591 < 0,025 0.059 0.061 < 0,026 0.051 0.075 < 0,024 0.155 0.152 < 0,025 0.057 0.051 < 0,024
PFUnA 0.055 0.267 < 0,040 < 0,036 0.040 < 0,042 < 0,037 0.104 < 0,039 0.075 0.071 < 0,040 0.055 0.048 < 0,039
PFDoA < 0,035 < 0,036 < 0,039 < 0,035 < 0,038 < 0,041 < 0,036 < 0,037 < 0,038 < 0,040 < 0,037 < 0,039 < 0,038 < 0,038 < 0,038
PFTrA < 0,028 < 0,029 < 0,031 < 0,028 < 0,031 < 0,033 < 0,029 < 0,030 < 0,031 < 0,032 < 0,030 < 0,031 < 0,031 < 0,030 < 0,030
PFTeA < 0,067 < 0,068 < 0,073 < 0,066 < 0,072 < 0,078 < 0,068 < 0,070 < 0,072 < 0,076 < 0,071 < 0,074 < 0,073 < 0,072 < 0,072
PFBS 0.863 0.875 < 0,004 0.044 0.047 < 0,004 0.011 0.011 < 0,004 0.520 0.566 < 0,004 0.006 0.026 < 0,004
PFHxS 0.087 0.087 < 0,015 0.034 0.038 < 0,016 < 0,014 < 0,014 < 0,015 0.081 0.071 < 0,015 0.026 0.022 < 0,015
PFHpS 0.091 0.092 < 0,003 < 0,003 0.005 < 0,003 < 0,003 < 0,003 < 0,003 0.042 0.047 < 0,003 0.007 0.007 < 0,003
PFOS 3.781 10.345 < 0,012 0.433 0.429 < 0,012 0.107 0.121 < 0,012 3.113 2.945 < 0,012 0.155 0.144 < 0,011
PFDeS < 0,027 < 0,027 < 0,029 < 0,027 < 0,029 < 0,031 < 0,027 < 0,028 < 0,029 < 0,030 < 0,029 < 0,030 < 0,029 < 0,029 < 0,029
H4PFOS < 0,356 < 0,361 < 0,390 < 0,355 < 0,385 < 0,415 < 0,361 < 0,372 < 0,386 < 0,404 < 0,379 < 0,394 < 0,387 < 0,384 < 0,383
82 FTS < 0,054 < 0,055 < 0,059 < 0,054 < 0,058 < 0,063 < 0,055 < 0,056 < 0,059 < 0,061 < 0,057 < 0,060 < 0,059 < 0,058 < 0,058
PFOSA < 0,015 < 0,015 < 0,016 < 0,015 < 0,016 < 0,017 < 0,015 < 0,015 < 0,016 < 0,017 < 0,016 < 0,016 < 0,016 < 0,016 < 0,016

Plover Cove Reservoir High Island Reservoir Shek Pik Resercoir Tai Lam Chung Reservoir Shing Mun Reservoir 
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Taiwan 
 

 
 
  

Unit: ng/L Sample 1 Sample 2 Field Blank Sample 3 Sample 4 Field Blank Sample 5 Sample 6 Field Blank Sample 7 Sample 8 Field Blank Sample 9 Sample 10 Field Blank
PFBA < 0,253 < 0,254 < 0,282 2.191 1.918 < 0,278 < 0,254 < 0,254 < 0,273 < 0,252 < 0,252 < 0,280 1.518 1.217 < 0,270
PFPeA < 0,013 < 0,013 < 0,014 1.780 2.421 < 0,014 < 0,013 < 0,013 < 0,014 < 0,013 < 0,013 < 0,014 < 0,4 < 0,4 < 0,014
PFHxA < 0,050 < 0,050 < 0,056 < 0,052 < 0,050 < 0,055 < 0,050 < 0,050 < 0,054 < 0,050 < 0,050 < 0,055 < 0,4 < 0,4 < 0,053
PFHpA < 0,016 < 0,016 < 0,018 0.164 0.162 < 0,018 < 0,016 < 0,016 < 0,017 < 0,016 < 0,016 < 0,018 < 0,2 < 0,2 < 0,017
PFOA < 0,024 < 0,024 < 0,026 0.558 0.435 < 0,026 < 0,024 0.025 < 0,026 0.028 0.048 < 0,026 0.903 1.138 < 0,025
PFNA < 0,033 < 0,033 < 0,036 0.800 0.760 < 0,036 < 0,033 < 0,033 < 0,035 < 0,032 < 0,032 < 0,036 1.175 1.340 < 0,035
PFDA < 0,022 < 0,022 < 0,025 0.126 0.114 < 0,025 < 0,022 < 0,022 < 0,024 < 0,022 < 0,022 < 0,025 0.415 0.415 < 0,024
PFUnA < 0,036 < 0,036 < 0,040 0.130 0.135 < 0,040 < 0,036 < 0,036 < 0,039 < 0,036 < 0,036 < 0,040 1.079 0.761 < 0,038
PFDoA < 0,035 < 0,035 < 0,039 < 0,036 < 0,035 < 0,038 < 0,035 < 0,035 < 0,038 < 0,035 < 0,035 < 0,039 0.202 < 0,082 < 0,037
PFTrA < 0,028 < 0,028 < 0,031 0.043 < 0,028 < 0,031 < 0,028 < 0,028 < 0,030 < 0,028 < 0,028 < 0,031 0.109 < 0,066 < 0,030
PFTeA < 0,066 < 0,067 < 0,074 < 0,068 < 0,067 < 0,073 < 0,066 < 0,067 < 0,072 < 0,066 < 0,066 < 0,073 < 0,134 < 0,154 < 0,071
PFBS < 0,003 < 0,003 < 0,004 0.024 0.017 < 0,004 < 0,003 < 0,003 < 0,004 < 0,003 < 0,003 < 0,004 0.012 < 0,009 < 0,004
PFHxS < 0,014 < 0,014 < 0,015 0.036 0.072 < 0,015 < 0,014 < 0,014 < 0,015 < 0,013 < 0,014 < 0,015 0.052 0.066 < 0,014
PFHpS < 0,003 < 0,003 < 0,003 0.007 0.006 < 0,003 < 0,003 < 0,003 < 0,003 < 0,003 < 0,003 < 0,003 0.009 0.016 < 0,003
PFOS < 0,011 < 0,011 < 0,012 0.075 0.059 < 0,012 < 0,011 < 0,011 < 0,011 < 0,010 < 0,010 < 0,012 0.297 0.324 < 0,011
PFDeS < 0,027 < 0,027 < 0,030 < 0,028 < 0,027 < 0,029 < 0,027 < 0,027 < 0,029 < 0,027 < 0,027 < 0,029 < 0,054 < 0,062 < 0,028
H4PFOS < 0,354 < 0,355 < 0,394 < 0,366 < 0,357 < 0,389 < 0,355 < 0,355 < 0,382 < 0,352 < 0,353 < 0,391 < 0,713 < 0,820 < 0,377
82 FTS < 0,054 < 0,054 < 0,060 0.100 < 0,054 < 0,059 < 0,054 < 0,054 < 0,058 < 0,053 < 0,053 < 0,059 0.214 0.194 < 0,057
PFOSA < 0,015 < 0,015 < 0,016 < 0,015 < 0,015 < 0,016 < 0,015 < 0,015 < 0,016 < 0,015 < 0,015 < 0,016 < 0,030 < 0,035 < 0,016

Ching Shui Stream Emerald Peak Lake Takechin Stream Dashipan Stream Nanren Lake
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Korea 
 

 
 
 

Unit: ng/L Sample 1 Sample 2 Field Blank Sample 3 Sample 4 Field Blank Sample 5 Sample 6 Field Blank Sample 7 Sample 8 Field Blank Sample 9 Sample 10 Field Blank
PFBA < 0,278 < 0,302 < 0,278 0.790 0.824 < 0,282 < 0,284 < 0,267 < 0,282 < 0,259 < 0,268 < 0,285 < 0,263 < 0,264 < 0,282
PFPeA < 0,014 < 0,015 < 0,014 0.092 0.079 < 0,014 < 0,014 < 0,013 < 0,014 < 0,013 < 0,014 < 0,014 < 0,013 < 0,013 < 0,014
PFHxA < 0,055 < 0,060 < 0,055 0.250 0.257 < 0,056 < 0,056 < 0,053 < 0,056 < 0,051 < 0,053 < 0,056 < 0,052 < 0,052 < 0,056
PFHpA < 0,018 < 0,019 < 0,018 0.175 0.182 < 0,018 < 0,018 < 0,017 < 0,018 < 0,017 < 0,017 < 0,018 < 0,017 < 0,017 < 0,018
PFOA 0.059 < 0,028 < 0,026 0.789 0.786 < 0,026 0.072 0.070 < 0,026 0.063 0.070 < 0,027 0.048 0.103 < 0,026
PFNA < 0,036 < 0,039 < 0,036 0.103 0.096 < 0,036 < 0,037 0.083 < 0,036 0.061 0.056 < 0,037 0.057 0.070 < 0,036
PFDA < 0,025 < 0,027 < 0,025 0.034 0.028 < 0,025 < 0,025 < 0,024 < 0,025 < 0,023 < 0,024 < 0,025 < 0,023 < 0,023 < 0,025
PFUnA < 0,040 < 0,043 < 0,040 < 0,039 < 0,040 < 0,040 < 0,040 < 0,038 < 0,040 < 0,037 < 0,038 < 0,041 < 0,037 < 0,038 < 0,040
PFDoA < 0,038 < 0,042 < 0,038 < 0,038 < 0,039 < 0,039 < 0,039 < 0,037 < 0,039 < 0,036 < 0,037 < 0,039 < 0,036 < 0,036 < 0,039
PFTrA < 0,031 < 0,034 < 0,031 < 0,031 < 0,031 < 0,031 < 0,032 < 0,030 < 0,031 < 0,029 < 0,030 < 0,032 < 0,029 < 0,029 < 0,031
PFTeA < 0,073 < 0,079 < 0,073 < 0,072 < 0,073 < 0,074 < 0,074 < 0,070 < 0,074 < 0,068 < 0,070 < 0,075 < 0,069 < 0,069 < 0,074
PFBS 0.010 0.006 < 0,004 0.113 0.109 < 0,004 < 0,004 < 0,004 < 0,004 < 0,004 < 0,004 < 0,004 < 0,004 < 0,004 < 0,004
PFHxS < 0,015 < 0,016 < 0,015 0.195 0.190 < 0,015 < 0,015 < 0,014 < 0,015 < 0,014 < 0,014 < 0,015 < 0,014 < 0,014 < 0,015
PFHpS < 0,003 < 0,004 < 0,003 0.016 0.018 < 0,003 < 0,003 < 0,003 < 0,003 < 0,003 < 0,003 < 0,003 0.004 < 0,003 < 0,003
PFOS < 0,012 < 0,013 < 0,012 0.352 0.345 < 0,012 < 0,012 0.032 < 0,012 < 0,011 < 0,011 < 0,012 < 0,011 < 0,011 < 0,012
PFDeS < 0,029 < 0,032 < 0,029 < 0,029 < 0,029 < 0,030 < 0,030 < 0,028 < 0,030 < 0,027 < 0,028 < 0,030 < 0,028 < 0,028 < 0,030
H4PFOS < 0,389 < 0,423 < 0,389 < 0,385 < 0,390 < 0,394 < 0,397 < 0,374 < 0,394 0.912 0.729 < 0,399 < 0,368 < 0,369 < 0,394
82 FTS < 0,059 < 0,064 < 0,059 < 0,058 < 0,059 < 0,060 < 0,060 < 0,057 < 0,060 < 0,055 0.058 < 0,061 < 0,056 < 0,056 < 0,060
PFOSA < 0,016 < 0,018 < 0,016 < 0,016 < 0,016 < 0,016 < 0,016 < 0,015 < 0,016 < 0,015 < 0,016 < 0,017 < 0,015 < 0,015 < 0,016

Buyeon-cheonBangtae-cheonGapeyong-cheonHwangji PondGeomnyongso
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