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How it started: How it’s going:

Images: https://cen.acs.org/environment/persistent-pollutants/US-EPA-recommends-cleanup-level/97/web/2019/04



Outline
• EWG and the PFAS timeline
• PFAS in food
• PFAS in drinking water

§ EPA testing
• PFAS health concerns, 

looking past PFOA/PFOS
• PFAS as a class
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5https://www.ewg.org/pfastimeline/ https://www.ewg.org/dodpfastimeline/
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• DuPont 1981

• PERSONAL & CONFIDENTIAL

• C-8 BLOOD SAMPLING RESULTS 
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PFAS in Food



Fast Food Companies Asked to Disclose Use of Toxic Chemicals in Food Packaging
2003 EWG wrote letters to 9 fast food chains
Wendy’s, Subway, Taco Bell, Burger King, McDonald’s, KFC, Pizza Hut, Starbucks, Krispy Kreme

https://www.ewg.org/news/news-releases/2003/07/10/fast-food-companies-asked-disclose-use-toxic-chemicals-food-packaging
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Figure S3 in supporting information



Figure S4 in supporting information



PFAS in Water



Testing for PFAS as a class started in the 60’s
These findings suggest that there is widespread contamination of human tissues with 
trace amounts of organic fluorocompounds derived from commercial products.



2015 PFAS MAP



What is missed when you look at just PFOA & PFOS

Legacy and Emerging Perfluoroalkyl Substances Are Important Drinking Water Contaminants in the Cape Fear River 
Watershed of North Carolina
Mei Sun, Elisa Arevalo, Mark Strynar, Andrew Lindstrom, Michael Richardson, Ben Kearns, Adam Pickett, Chris 
Smith, and Detlef R. U. Knappe
Environ. Sci. Technol. Lett. 2016, 3, 12, 415–419
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Mapping the PFAS Contamination Crisis: New Data 
Show 2,337 Sites in 49 States
(January 6, 2021)
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Per- and polyfluoroalkyl substances in source and 
treated drinking waters of the United States
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The median total PFAS concentration was 21.4 
ng/L in the source water and 19.5 ng/L in the 
treated drinking water.

The median total ΣPFOS + PFOA concentration 
was 5.7 ng/L in the source water and 3.9 ng/L in 
the treated drinking water.

Boone JS, Vigo C, Boone T, Byrne C, Ferrario J, Benson R, Donohue J, Simmons JE, Kolpin DW, Furlong ET, Glassmeyer ST. Sci Total Environ. 
2019 Feb 25;653:359-369. doi: 10.1016/j.scitotenv.2018.10.245. 



Population-Wide Exposure to Per- and Polyfluoroalkyl 
Substances from Drinking Water in the United States
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Andrews DQ, Naidenko NV. Environ. Sci. Technol. Lett. 2020, 7, 12, 931–936  doi:doi.org/10.1021/acs.estlett.0c00713

For the combined EPA/USGS and EWG data 
sets, 92% of the samples had detectable PFAS at 
1 ng/L or higher, 51% at or above 10 ng/L total 
PFAS, and four systems were over 100 ng/L.



Tap Water Contributions to Plasma Concentrations of Poly- and Perfluoroalkyl 
Substances (PFAS) in a Nationwide Prospective Cohort of U.S. Women
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Hu XC, Tokranov AK, Liddie J, Zhang X, Grandjean P, Hart JE, Laden F, Sun Q, Yeung LWY, Sunderland EM. Environ Health Perspect. 2019 
Jun;127(6):67006. doi: 10.1289/EHP4093. 



PFAS and health



C-8 Science panel findings
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DATE PROBABLE LINK NOT A PROBABLE LINK

Dec. 5, 2011 Pregnancy-induced hypertension 
& preeclampsia

Birth defects
Premature birth or low birth weight
Miscarriage and stillbirths

April 16, 2012 Testicular cancer
Kidney cancer

Adult-onset diabetes
Other types of cancer

July 30, 2012 Thyroid disease
Ulcerative colitis

Stroke
Asthma or chronic obstructive airways
Neurodevelopmental disorders in children
Influenza
Autoimmune diseases

Oct. 29, 2012 High cholesterol

Parkinson’s disease
Osteoarthritis
Liver disease
Chronic kidney disease
High blood pressure
Coronary heart disease

Source: Environmental Working Group, from C8 Science Panel Probable Link Reports
www.c8sciencepanel.org/prob_link.html

http://www.c8sciencepanel.org/prob_link.html
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CHEMICAL HARM TO THE 
IMMUNE SYSTEM

HARM TO 
DEVELOPMENT 

AND 
REPRODUCTION

HARM TO THE 
ENDOCRINE 

SYSTEM

METABOLIC 
CHANGES

CHANGES IN THE 
LIVER

INCREASED RISK 
OF CANCER

PFOA*# ■ ■ ■ ■ ■ ■
PFOS*# ■ ■ ■ ■ ■ ■
PFNA*# ■ ■ ■ ■ ■ ●
PFHxS*# ■ ■ ■ ● ■ ●
PFDA*# ■ ■ ■ ■ ■ ●
PFDoA# ● ● ● ▲ ■ ●
PFHxA*# ■ ■ ■ ▲ ■ ●
GenX* ■ ■ ■ ▲ ■ ■
PFBS*# ● ■ ■ ● ■ ●
PFBA*# ● ■ ● ▲ ■ ●
PFHpA*# ▲ ▲ ● ▲ ■ ●
PFUA# ● ■ ● ▲ ■ ●

*PFAS chemicals detected by EWG in U.S. public drinking water supplies 
# PFAS included in ATSDR toxicological profile
■ Strong evidence of health effect documented in people or in laboratory animal studies
●Moderate evidence of health effect documented in people or in laboratory animal studies
▲ Not studied or no reported association in available studies
https://www.ewg.org/news-and-analysis/2020/08/feeding-waste-cycle-how-pfas-disposal-perpetuates-contamination

https://www.ewg.org/news-and-analysis/2019/06/pfas-chemicals-harm-immune-system-decrease-response-vaccines-new-ewg
https://cdn3.ewg.org/sites/default/files/u352/EWG_PFAS_Toxicity_C02.pdf?_gl=1*gat5nn*_gcl_aw*R0NMLjE1OTQzMDk0MDguQ2owS0NRandnSnY0QlJDckFSSXNBQjE3Skk3NmVQSlhsSk56YzY3ekhscWp4RlhZMTBOdGc5MkNTSDRHbmdLZ19nanlfdkE4REp0a2tDZ2FBdUNQRUFMd193Y0I.&_ga=2.261156366.226128373.1596463302-1166909982.1546543464&_gac=1.186103003.1594309408.Cj0KCQjwgJv4BRCrARIsAB17JI76ePJXlJNzc67zHlqjxFXY10Ntg92CSH4GngKg_gjy_vA8DJtkkCgaAuCPEALw_wcB
https://www.ewg.org/release/study-pfas-act-similar-known-cancer-causing-chemicals
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Positive statistical associations between the LVE Substances’ 
level in the blood and triglycerides albumin, albumin/globulin 
ratio, and FT3, and negative statistical associations for alpha-2-
globulins, IgG, IgM, and estradiol.

Structure from https://cen.acs.org/environment/persistent-pollutants/Solvay-withheld-PFAS-toxicity-data/99/web/2021/01

Kabadi et al,  Food and Chemical Toxicology 112 (2018) 375–382
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PFAS in a class



Bloomberg Law, May 2019
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https://news.bloomberglaw.com/environment-and-energy/insight-the-case-for-regulating-all-pfas-chemicals-as-a-class
https://news.bloomberglaw.com/environment-and-energy/insight-with-pfas-one-size-fits-all-isnt-the-answer

https://news.bloomberglaw.com/environment-and-energy/insight-the-case-for-regulating-all-pfas-chemicals-as-a-class
https://news.bloomberglaw.com/environment-and-energy/insight-with-pfas-one-size-fits-all-isnt-the-answer


GLOBAL PERSPECTIVE

Scientific Basis for Managing PFAS as a Chemical Class
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Carol F. Kwiatkowski, David Q. Andrews, Linda S. Birnbaum, Thomas A. Bruton, Jamie C. DeWitt, Detlef R. U. Knappe, Maricel V. Maffini, Mark F. 
Miller, Katherine E. Pelch, Anna Reade, Anna Soehl, Xenia Trier, Marta Venier, Charlotte C. Wagner, Zhanyun Wang, and Arlene Blum. Environ. Sci. 
Technol. Lett. 2020, 7, 8, 532–543



PFAS RISK 
MANAGEMENT

Regulatory

Marketplace

Essential use



GLOBAL PERSPECTIVE

Scientific Basis for Managing PFAS as a Chemical Class
• Extreme persistence & potential for harm 
• A more efficient approach is needed to address thousands of PFAS (per- and 

polyfluoroalkyl substances)

• Most consistent feature  (persistence) 
• leads to – accumulation in the environment, including water, air, sediment, soil, 

plants, and living organisms including people
• High mobility

• PFAS chemical features lead to a broad range of adverse health outcomes 
associated with exposure
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