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Introduction 
The Department of Toxic Substances Control’s (DTSC) Safer Consumer Products (SCP) Regulations 
specify the process and criteria by which DTSC evaluates consumer products for possible designation as 
Priority Products. Every three years, DTSC issues a Priority Product Work Plan, which “... identifies and 
describes the product categories that [DTSC] will evaluate ...” over the next three years. DTSC’s current 
Work Plan includes seven product categories and lists the five policy priorities that informed their 
selection.  

Since issuing the Work Plan, DTSC has conducted a review of the product categories and has identified 
specific subcategories, chemicals, and chemical classes that align with our policy priorities. This 
document is one of three that summarizes the findings of the research on a specific topic. It describes 
our preliminary findings and concerns around the topic and identifies data gaps we seek to fill and 
specific questions we hope our stakeholders can answer. This document signals the beginning of an 
ongoing dialogue with interested stakeholders from all sectors (manufacturers, NGOs, governments, and 
academia). We believe the dialogue will ultimately inform our selection of future Priority Products.  
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Background 
The class of perfluoroalkyl and polyfluoroalkyl substances* (PFASs) contains more than 3,000 man-made 
chemicals with at least one fully fluorinated carbon atom.1- 3 All PFASs are Candidate Chemicals for the 
DTSC’s Safer Consumer Products program (SCP), because the entire class was added by Biomonitoring 
California to its list of Priority Chemicals4 for measuring in the bodily fluids of Californians. PFASs have a 
variety of applications, such as water-, oil-, soil- and stain-repellents. They are found in all of the SCP 
2015-2017 Work Plan product categories: beauty, personal care and hygiene products, building 
products, household and office furniture and furnishings, cleaning products, clothing, fishing and angling 
equipment; and office consumable products. Out of these six product categories, DTSC has identified 
carpets, rugs, indoor upholstered furniture, and their associated care and treatment products, as the 
largest potential sources of significant and widespread PFAS exposures.   

DTSC’s literature review of PFASs found evidence for (1) hazard characteristics (high persistence, 
bioaccumulation, potential toxicity) and (2) potential for widespread exposures for humans and other 
living organisms. DTSC is requesting additional information from stakeholders about the environmental 
and health hazards of PFASs, as well as the use of PFASs in carpets, rugs, indoor upholstered furniture, 
and their care and treatment products. 

Hazard Traits of PFASs 
The best-defined hazard trait of this chemical class is its high environmental persistence.5 PFASs that do 
break down in the environment and in living organisms convert to other PFASs that persist indefinitely 
and may be even more harmful.6,7 Unlike other persistent organic pollutants, PFASs accumulate in 
protein-rich organs rather than in fat.8 

Most of the publicly-available research to date is limited to a few longer-chain† PFASs, such as 
perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS). Longer-chain PFASs are known to 
accumulate and persist in living organisms, including humans.9 They have been linked to acute and 
chronic toxicity in aquatic life, such as microorganisms, algae, plants, invertebrates, amphibians, fish, 
and birds.10,11 PFAS toxicity is less well characterized in terrestrial species, despite reports of their 
presence in a wide range of organisms.12- 14 In humans, potential adverse health effects from chronic 
longer-chain PFAS exposure include increased serum cholesterol,15,16 thyroid disease,17- 19 liver20 and 
kidney21 damage, immune system disruption,22- 24 pregnancy-induced hypertension,25 and kidney and 
testicular cancers.26 

Under a voluntary agreement with the U.S. EPA, major PFASs manufacturers phased out the production 
and emission of longer-chain PFASs and precursors in 2015.27 As a result, biomonitoring studies have 
found decreasing levels of longer-chain PFASs in human tissues.28 Most replacements are also PFASs, 

                                                           
* “Perfluoro” means that all carbons in the molecule are fully fluorinated, while “polyfluoro” refers to molecules 
containing a mix of fully-, partially-, and non-fluorinated carbons. 
† Longer-chain PFASs include perfluoroalkyl carboxylates and sulfonates with six or more fluorinated carbons, and 
their precursors. 

http://www.dtsc.ca.gov/SCP/CandidateChemicals.cfm
http://www.dtsc.ca.gov/SCP/index.cfm
http://www.dtsc.ca.gov/SCP/upload/PriorityProductWorkPlan_2015.pdf


including fluorinated ethers and short-chain PFASs.29 Fluorinated ethers were thought to degrade in the 
environment, but recent studies have cast doubt on that assumption.30,31 Shorter-chain PFASs are 
marketed as less toxic compared to the long-chains, mainly because they bioaccumulate less and are 
more readily eliminated from living organisms. However, they are equally persistent and more mobile in 
the environment than the chemicals they are replacing, and also show potential for toxicity.32 

Potential Exposures to PFASs 
PFASs are found globally in the 
aquatic33,34 and terrestrial 
environment,35 indoor dust,36 
drinking water sources,37 
food,38 wildlife,39 and 
humans,40,41 including the milk 
and serum of breastfeeding 
women.42,43   

Exposure begins early in a 
person’s life, since mothers 
transfer PFASs to their babies 
via the placenta and 
breastfeeding.44- 48 Young 
children may experience higher 
exposure levels than adults due 
to greater dust ingestion rates49 
and hand-to-mouth transfer 
from PFASs-treated consumer 
products.50 Industrial workers, 
carpet installers, carpet cleaners and workers in furniture, furnishings, outdoor clothing, and carpet 
stores may also experience above average PFASs exposure levels.51,52 For the general population, PFASs 
exposure occurs mainly via contaminated food and drinking water,53- 55 yet questions remain regarding 
how PFASs enter the environment and food and water supplies.  

A large percentage of the PFASs produced worldwide are used to treat carpets and other home textiles 
to confer stain-, soil-, oil- or water-resistance.56- 58 During normal use, treated carpets, rugs, indoor 
upholstered furniture and other consumer products release PFASs into indoor air and dust.59,60 An 
estimated 50% of the PFAS treatment may be lost from carpets due to walking and vacuuming over a 
typical nine-year product lifespan.61 People ingest or inhale the contaminated house dust,62,63 and inhale 
volatile PFASs.64 They can also be exposed to large amounts of PFASs when using after-market carpet 
and upholstery cleaning and treatment products.65,66 

Figure 1: Potential routes of exposure to PFASs from  
consumer products. 



DTSC seeks further information to help elucidate to what extent the manufacturing, use, and disposal of 
PFASs-treated carpets, rugs and indoor upholstered furniture contribute to the PFASs contamination of 
human food, drinking water, or aquatic and terrestrial ecosystems. Available information suggests that 
current disposal practices for carpet manufacturing and installation waste, unused and used carpeting, 
and other PFASs-treated consumer products that end up in landfills may release PFASs into the 
environment. Studies of landfills have detected PFASs in leachates67- 71 and gaseous emissions,72- 74 
Additionally, wastewater treatment plants (WWTPs) collecting landfill leachates, surface runoff, and 
residential and commercial wastewater, cannot effectively remove PFASs.75,76 As a result, when 
wastewater effluent is discharged into surface waters, PFASs are released into the environment, 
contaminating aquatic ecosystems and drinking water sources.77- 79 Sewage sludge also contains PFASs, 
thus the application of biosolids on soil can lead to the contamination of terrestrial ecosystems, drinking 
water, and food supplies.80- 84 

Next Steps 
SCP is asking stakeholders to address the questions posted on our online information management 
system, CalSAFER, by December 30, 2016. This will help the Department determine whether carpets, 
rugs, indoor upholstered furniture and their care and treatment products contribute to human and 
ecological exposures to PFASs and whether such exposures have the potential for significant and 
widespread adverse impacts. We will also host a public workshop on Tuesday, January 31, 2017, in the 
CalEPA Headquarters Building, Sacramento. Please monitor our Priority Products Work Plan webpage for 
updates on this topic. 

Figure 2: Exposure pathways to PFASs used in carpets, rugs, indoor upholstered furniture,  
and their care and treatment products. 

https://calsafer.dtsc.ca.gov/Comments/PackageDetail.aspx?PID=11791
http://www.dtsc.ca.gov/scp/workshops.cfm
http://www.dtsc.ca.gov/SCP/PriorityProductWorkPlan.cfm


References 
 
1 Buck RC, Franklin J, Berger U, Conder JM, Cousins IT, de Voogt P, Jensen AA, Kannan K, Mabury SA, van Leeuwen 
SPJ. Perfluoroalkyl and polyfluoroalkyl substances in the environment: Terminology, classification, and origins. 
Integrated Environmental Assessment and Management 2011;7(4):513-541. 
2 KEMI (Swedish Chemicals Agency) 2015. Occurrence and use of highly fluorinated substances and alternatives. 
Report from a government assessment. Report 7/15. 
3 Biomonitoring California 2015. Potential Priority Chemicals: Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs) 
http://biomonitoring.ca.gov/sites/default/files/downloads/PotentialPriority_PFASs_111815.pdf. 
4 Biomonitoring California 2016. Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs). 
http://biomonitoring.ca.gov/chemicals/perfluoroalkyl-and-polyfluoroalkyl-substances-pfass. 
5 Organisation for Economic Cooperation and Development (OECD). Synthesis paper on per- and polyfluorinated 
chemicals (PFCs). Environment Directorate, Paris 2013. 
6 Krafft MP and Riess JG. Selected physicochemical aspects of poly- and perfluoroalkylated substances relevant to 
performance, environment and sustainability-Part One. Chemosphere 2015;129:4-19. 
7 Lee H, D’eon J, Mabury SA.  Biodegradation of Polyfluoroalkyl Phosphates as a Source of Perfluorinated Acids to 
the Environment. Environmental Science and Technology 2010;44:3305-10. 
8 Pérez F, Nadal M, Navarro-Ortega A, Fàbrega F, Domingo JL, Barceló D, Farré M. Accumulation of perfluoroalkyl 
substances in human tissues. Environment International 2013;59:354-62. 
9 Organisation for Economic Cooperation and Development (OECD). Synthesis paper on per- and polyfluorinated 
chemicals (PFCs). Environment Directorate, Paris 2013. 
10 Giesy JP, Naile JE, Khim JS, Jones KC, Newsted JL. Aquatic toxicology of perfluorinated chemicals. Reviews of 
Environmental Contamination and Toxicology 2010;202:1-52. 
11 Ding G and Peijnenburg WJGM. Physicochemical properties and aquatic toxicity of poly- and perfluorinated 
compounds. Critical Reviews in Environmental Science and Technology 2013;43:598–678. 
12 Giesy JP and Kannan K. Global distribution of perfluorooctane sulfonate in wildlife. Environmental Science and 
Toxicology 2001;35:1339–1342. 
13 Smithwick M, Muir DCG, Mabury SA, Solomon KR, Martin JW, Sonne C, Born EW, Letcher RJ, Dietz R. 
Perfluoroalkyl contaminants in liver tissue from East Greenland polar pears (Ursus maritimus). Environmental 
Toxicology and Chemistry 2005;24(4):981-6. 
14 Falandysz J, Taniyasu S, Yamashita N, Rostkowski P, Zalewski K, Kannan K. Perfluorinated compounds in some 
terrestrial and aquatic wildlife species from Poland. Journal of Environmental Science and Health Part A. 
2007;42:715-9. 
15 Wang J, Zhang Y, Zhang W, Jin Y, Dai J. Association of perfluorooctanoic acid with HDL cholesterol and circulating 
miR-26b and miR-199-3p in workers of a fluorochemical plant and nearby residents. Environmental Science & 
Technology 2012;46(17):9274-81.  
16 Fisher M, Arbuckle TE, Wade M, Haines DA. Do perfluoroalkyl substances affect metabolic function and plasma 
lipids? Analysis of the 2007-2009, Canadian Health Measures Survey (CHMS) Cycle 1. Environmental Research 
2013;121:95-103.  
17 Melzer D, Rice N, Depledge MH, Henley We, Galloway TS. Association between serum perfluorooctanoic acid 
(PFOA) and thyroid disease in the U.S. National Health and Nutrition Examination Survey. Environmental Health 
Perspectives 2010;118(5):686-692. 
18 Lopez-Espinosa MJ, Debapriya M, Armstrong B, Bloom MS, Fletcher T. Thyroid function and perfluoroalkyl acids 
in children living near a chemical plant. Environmental health perspectives 2012;120(7):1036-41. 
19 Winquist A and Steenland K. Perfluorooctanoic acid exposure and thyroid disease in community and worker 
cohorts. Epidemiology 2014;25(2):255-64. 
20 Gallo V, Leonardi G, Genser B, Lopez-Espinosa MJ, Frisbee SJ, Karlsson L, Ducatman AM, Fletcher T. Serum 
perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS) concentrations and liver function biomarkers in a 
population with elevated PFOA exposure. Environmental health perspectives 2012;120(5): 655-60. 
21 Steenland K and Woskie S. Cohort mortality study of workers exposed to perfluorooctanoic acid. American 
Journal of Epidemiology 2012;176(10):909-17. 
 

http://biomonitoring.ca.gov/sites/default/files/downloads/PotentialPriority_PFASs_111815.pdf
http://biomonitoring.ca.gov/chemicals/perfluoroalkyl-and-polyfluoroalkyl-substances-pfass


 
22 Grandjean P and Budtz-Jørgensen E. Immunotoxicity of perfluorinated alkylates: calculation of benchmark doses 
based on serum concentrations in children. Environmental Health 2013;12:35-42. 
23 Granum B, Haug LS, Namork E, Stølevik SB, Thomsen C, Aaberge IS, van Loveren H, Løvik M, Nygaard UC. Pre-
natal exposure to perfluoroalkyl substances may be associated with altered vaccine antibody levels and immune-
related health outcomes in early childhood. Journal of Immunotoxicology 2013;10(4):373-9.  
24 Looker C, Luster MI, Calafat AM, Johnson VJ, Burleson GR, Burleson FG, Fletcher T. Influenza vaccine response in 
adults exposed to perfluorooctanoate and perfluorooctanesulfonate. Toxicological Sciences 2014;138(1):76-88.  
25 C8 Science Panel. Probable Link Evaluation of Pregnancy Induced Hypertension and Preeclampsia. December 5, 
2011. Available at http://www.c8sciencepanel.org/pdfs/Probable_Link_C8_PIH_5Dec2011.pdf.   
26 C8 Science Panel. Probable Link Evaluation of Cancer. April 15, 2012. Available at 
http://www.c8sciencepanel.org/pdfs/Probable_Link_C8_Cancer_16April2012_v2.pdf.  
27 U.S. Environmental Protection Agency (EPA). 2010/2015 PFOA Stewardship Program. Available at 
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/and-polyfluoroalkyl-substances-pfass-under-
tsca#tab-3.  
28 Wu X, Bennett DH, Calafat AM, Kato K, Strynar M, Andersen E, Moran RE, Tancredi DJ, Tulve NS, Hertz-Picciotto 
IH. Serum concentrations of perfluorinated compounds (PFC) among selected populations of children and adults in 
California. Environmental Research 2015;136:264-73. 
29 Wang Z, Cousins IT, Scheringer M, Hugerbühler K. Fluorinated alternatives to long-chain perfluoroalkyl carboxylic 
acids (PFCAs), perfluoroalkane sulfonic acids (PFSAs) and their potential precursors. Environment International 
2013;60:242-8. 
30 Strynar M, Dagnino S, McMahen R, Liang S, Lindstrom A, Andersen E, McMillan L, Thurman M, Ferrer I, Ball C. 
Identification of novel perfluoroalkyl ether carboxylic acids (PFECAs) and sulfonic acids (PFESAs) in natural waters 
using accurate mass time-of-flight mass spectrometry (TOFMS). Environmental Science & Technology 
2015;49(19):11622-30. 
31 Ruan T, Lin Y, Wang T, Liu R, Jiang G. Identification of novel polyfluorinated ether sulfonates as PFOS alternatives 
in municipal sewage sludge in China. Environmental Science & Technology 2015;49:6519-27. 
32 Wang Z, Cousins IT, Scheringer M, Hugerbuehler K. Hazard assessment of fluorinated alternatives to long-chain 
perfluoroalkyl acids (PFAAs) and their precursors: Status quo, ongoing challenges and possible solutions. 
Environment International 2015;75:172-9. 
33 Ahrens L and M Bundschuh. Fate and effects of poly- and perfluoroalkyl substances in the aquatic environment: 
A review. Environmental Toxicology and Chemistry 2014;33:1921-9. 
34 Benskin JP, Muir DCG, Scott BF, Spencer C, De Silva AO, Kylin H, Martin JW, Morris A, Lohmann R, Tomy G, 
Rosenberg B, Taniyasu S, Yamashita N. Perfluoroalkyl acids in the Atlantic and Canadian Arctic Oceans, 
Environmental Science & Technology 2012;46:5815-23. 
35 Rankin K, Mabury SA, Jenkins TM, Washington JW. A North American and global survey of perfluoroalkyl 
substances in surface soils: Distribution patterns and mode of occurrence. Chemosphere 2016;161:333-41. 
36 Eriksson U and Kärrman. World-wide indoor exposure to polyfluoroalkyl phosphate esters (PAPs) and other 
PFASs in household dust. Environmental Science & Technology 2015;49(24):14503-11. 
37 Post GB, Cohn PD, Cooper KR. Perfluorooctanoic acid (PFOA), an emerging drinking water contaminant: A critical 
review of recent literature. Environmental Research 2012;116:93-117. 
38 Pérez F, Llorca M, Köck-Schulmeyer M, Škrbić B, Oliveira LS, da Boit Martinello K, Al-Dhabi NA, Antić I, Farré M, 
Barceló D. Assessment of perfluoroalkyl substances in food items at global scale. Environmental Research 
2014;135:181-9. 
39 Houde M, De Silva AO, Muir DCG, Lechter RJ. Monitoring of perfluorinated compounds in aquatic biota: An 
updated review. Environmental Science & Technology 2011;45:7962-7973. 
40 Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, Tully JS, Needham LL. Serum concentrations of 11 polyfluoroalkyl 
compounds in the U.S. population: Data from the National Health and Nutrition Examination Survey (NHANES) 
1999-2000. Environmental Science & Technology 2007;41(7):2237-2242. 
41 Krafft MP and Riess JG. Per- and polyfluorinated substances (PFASs): Environmental challenges. Current Opinion 
in Colloid & Interface Science 2015;20:192-212. 
 

http://www.c8sciencepanel.org/pdfs/Probable_Link_C8_PIH_5Dec2011.pdf
http://www.c8sciencepanel.org/pdfs/Probable_Link_C8_Cancer_16April2012_v2.pdf
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/and-polyfluoroalkyl-substances-pfass-under-tsca#tab-3
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/and-polyfluoroalkyl-substances-pfass-under-tsca#tab-3


 
42 Fujii Y, Yan J, Harada KH, Hitomi T, Yang H, Wang P, Koizumi A. Levels and profiles of long-chain perfluorinated 
carboxylic acids in human breast milk and infant formulas in East Asia. Chemosphere 2012;86:315-21. 
43 Cariou R, Veyrand B, Yamada A, Berrebi A, Zalkod D, Durand S, Pollono C, Marchand P, Leblanc JC, Antignac JP, Le 
Bizec B. Perfluoroalkyl acid (PFAA) levels and profiles in breast milk, maternal and cord serum of French women 
and their newborns. Environment International 2015;84:71-81. 
44 Yang L, Wang Z, Shi Y, Li J, Wang Y, Zhao Y, Wu Y, Cai Z. Human placental transfer of perfluoroalkyl acid 
precursors: Levels and profiles in paired maternal and cord serum. Chemosphere 2016;144:1631-8. 
45 Kim S, Choi K, Ji K, Seo J, Kho Y, Park J, Kim S, Park S, Hwang I, Jeon J, Yang H, Gisey JP. Trans-placental transfer of 
thirteen perfluorinated compounds and relations with fetal thyroid hormones. Environmental Science &  
Technology 2011;45:7465-7472. 
46 Lee YJ, Kim M, Bae J, Yang J. Concentrations of perfluoroalkyl compounds in maternal and umbilical cord sera 
and birth outcomes in Korea. Chemosphere 2013;90:1603–9. 
47 Fromme H, Mosch C, Morovitz M, Alba-Alejandre I, Boehmer S, Kiranoglu M, Fabre F, Hannibal I, Genzel-
Boroviczeny O, Koletzko B, Volkel W. 2010. Pre- and Postnatal Exposure to Perfluorinated Compounds (PFCs) 
Environmental Science & Technology 2010;44:7123–7129. 
48 Mogensen UB, Grandjean P, Nielsen F, Weihe P, Budtz-Jørgensen. Breastfeeding as an exposure pathway for 
perfluorinated alkylates. Environmental Science & Technology 2015;49(17):10466-10473. 
49 Goosey E and Harrad S. Perfluoroalkyl compounds in dust from Asian, Australian, European, and North American 
homes and UK cars, classrooms, and offices. Environment International 2011;37:86-92. 
50 Trudel D, Horowitz L, Wormuth M, Scheringer M, Cousins IT, Hungerbühle K. Estimating Consumer Exposure to 
PFOS and PFOA. Risk Analysis 2008;28(2):251-69. 
51 Agency for Toxic Substances & Disease Registry (ATSDR). Public Health Statement for Perfluoroalkyls. 2015. 
Available at http://www.atsdr.cdc.gov/phs/phs.asp?id=1115&tid=237.  
52 Langer V, Dreyer A, Ebinghaus R. Polyfluorinated compounds in residential and nonresidential indoor air. 
Environmental Science & Technology 2010;44:8075-81. 
53 Egeghy PP and Lorber M. An assessment of the exposure of Americans to perfluorooctane sulfonate: A 
comparison of estimated intake with values inferred from NHANES data. Journal of Exposure Science and 
Environmental Epidemiology 2011;21:150–168. 
54 Noorlander CW,  te Biesebeek JD, van Leeuwen SPJ, Zeilmaker MJ. Dietary intake of PFOS and PFOA in The 
Netherlands. RIVM/SIR Project V/320126 Perfluorinated compounds in food. Report number 320126001. May 
2010. 
55 Domingo JL. Health risks of dietary exposure to perfluorinated compounds. Environment International 
2012;40:187-95. 
56 Schultz MM, Barofsky DF, Field JA. Fluorinated alkyl surfactants. Environmental Engineering Science 
2003;20:487–501. 
57 Guo Z, Liu X, Krebs KA, Roache NF. Perfluorocarboxylic acid content in 116 articles of commerce. U.S. 
Environmental Protection Agency, Washington, DC, EPA/600/R-09/033, 2009. 
58 Liu X, Guo Z, Krebs KA, Pope RH, Roache NF. Trends of perfluoroalkyl acid content in articles of commerce – 
Market monitoring from 2007 through 2011. U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-
09/033, 2009.EPA/600/R-12/585, 2012. 
59 Washburn ST, Bingman TS, Braithwaite SK, Buck RB, Buxton LW, Clewell HJ, Haroun LA, Kester JE, Rickard RW, 
Shipp AM. Exposure assessment and risk characterization for perfluorooctanoate in selected consumer articles. 
Environmental Science and Technology 2005;39: 3904-10. 
60 Gewurtz SB, Bhavsar SP, Crozier PW, Diamond ML, Helm PA, Marvin CH, Reiner EJ. Perfluoroalkyl contaminants 
in window film: Indoor/outdoor, urban/rural, and winter/summer contamination and assessment of carpet as a 
possible source. Environmental Science & Technology 2009;43:7317-23. 
61 Battelle Memorial Institute. Part 1: Life-Cycle Waste Stream Estimates. Final Report for 3M Specialty Materials. 
April 21, 2000. 
62 Tian Z, Kim SK, Shoeib M, Oh JE, Park JE. Human exposure to per- and polyfluoroalkyl substances (PFASs) via 
house dust in Korea: Implication to exposure pathway. Science of the Total Environment 2016;553:266-75. 
 

http://www.atsdr.cdc.gov/phs/phs.asp?id=1115&tid=237


 
63 Strynar MJ and Lindstrom AB. Perfluorinated Compounds in House Dust from Ohio and North Carolina, USA. 
Environmental. Science and Technology 2008;42:3751-56. 
64 Shoeib M,

 
Harner T,

 
Webster GM,

 
Lee SC. Indoor Sources of Poly- and Perfluorinated Compounds (PFCS) in 

Vancouver, Canada: Implications for Human Exposure. Environmental Science and Technology 2011;45:7999-8005.  
65 Beeson S, Genuis SJ, Benskin JP, Martin JW. Exceptionally high serum concentrations of 
perfluorohexanesulfonate in a Canadian family are linked to home carpet treatment applications. Environmental 
Science & Technology 2012;46:12960-7. 
66 Guo Z, Liu X, Krebs KA, Roache NF. Perfluorocarboxylic acid content in 116 articles of commerce. U.S. 
Environmental Protection Agency, Washington, DC, EPA/600/R-09/033, 2009. 
67 Busch J, Ahrens L, Sturm R, Ebinghaus R. Polyfluoroalkyl compounds in landfill leachates. Environmental 
Pollution 2010;158:1467-71. 
68 Eggen T, Moeder M, Arukwe A. Municipal landfill leachates: A significant source for new and emerging 
pollutants. Science of the Total Environment 2010;408:5147-57. 
69 Huset CA, Barlaz MA, Barofsky DF, Field JA. Quantitative determination of fluorochemicals in municipal landfill 
leachates. Chemosphere 2011;82:1380-6. 
70 Benskin JP, Li B, Ikonomou MG, Grace JR, Li LY. Per- and polyfluoroalkyl substances in landfill leachate: Patterns, 
time trends, and sources. Environmental Science & Technology 2012;46:11532-40. 
71 Shoaeioskouei S. Perfluorinated compounds in landfill leachate from discarded carpets. Master of Applied 
Sciences. The University of British Columbia. June 2012.  
72 Weinberg I, Dreyer A, Ebinghaus R. Landfills as sources of polyfluorinated compounds, polybrominated diphenyl 
ethers and musk fragrances to ambient air. Atmospheric Environment 2011;45:935-41. 
73 Ahrens L, Shoeib M, Harner T, Lee SC, Guo R, Reiner EJ. Wastewater treatment plant and landfills as sources of 
polyfluoroalkyl compounds to the atmosphere. Environmental Science & Technology 2011;45:8098-105. 
74 Rankin K. Fluorotelomer-based acrylate polymers as an indirect source of perfluoroalkyl carboxylates. Thesis for 
the degree of Doctor of Philosophy, University of Toronto, 2015. 
75 Huset CA.  Determination of fluorochemicals in waste-dominated aqueous systems. Doctor of Philosophy Thesis. 
Oregon State University. May 2007. 
76 Arvaniti OS and Stasinakis AS. Review on the occurrence, fate and removal of perfluorinated compounds during 
wastewater treatment. Science of the Total Environment 2015;524-525:81-92. 
77 Skutlarek D, Exner M, Färber H. Perfluorinated surfactants in surface and drinking waters. Environmental Science 
and Pollution Research 2006;13(5):299-307.  
78 Jin YH, Liu W, Sato I, Nakayama SF, Sasaki K, Saito N, Tsuda S. PFOS and PFOA in environmental and tap water in 
China. Chemosphere 2009;77:605-11. 
79 Chimeddulam D and Wu KY. River water contaminated with perfluorinated compounds potentially posing the 
greatest risk to young children. Chemosphere 2013;90:1617-24. 
80 Washington JW, Yoo H, Ellington JJ, Jenkins TM, Libelo L. Concentrations, distribution, and persistence of 
perfluoroalkylates in sludge-applied soils near Decatur, Alabama, USA. Environmental Science & Technology 
2010;44:8390-6. 
81 Yoo H, Washington JW, Ellington JJ, Jenkins TM, Neill MP. Concentrations, distribution, and persistence of 
fluorotelomer alcohols in sludge-applied soils near Decatur, Alabama, USA. Environmental Science & Technology 
2010;44:8397-402. 
82 Sepulvado JG, Blaine AC, Hundal LS, Higgins CP. Occurrence and fate of perfluorochemicals in soil following the 
land application of municipal biosolids. Environmental Science & Technology 2011;45:8106-12. 
83 Skutlarek D, Exner M, Färber H. Perfluorinated surfactants in surface and drinking waters. Environmental Science 
and Pollution Research 2006;13(5):299-307.  
84 Blaine AC, Rich CD, Lakhwinder SH, Lau C, Mills MA, Harris KM, Higgins CP. Uptake of perfluoroalkyl acids into 
edible crops via land applied biosolids: Field and greenhouse studies. Environmental Science & Technology 
2013;47:14062-9. 


	Work Plan Implementation:
	November 15, 2016

	Introduction
	Background
	Hazard Traits of PFASs
	Potential Exposures to PFASs
	Next Steps
	References

