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          November 10, 2022 
Bruce Gordon 
Unit Head, Water, Sanitation, Hygiene and Health 
World Health Organization 
 
RE: Scientists Letter: The World Health Organization Should Significantly Revise or Withdraw 
Its Draft PFAS Drinking Water Guidelines 
 
Dear Mr. Gordon, 
 
We, the undersigned 116 scientists, who are experts on per- and polyfluoroalkyl substances 
(PFAS), including health effects and water treatment technologies, are writing to express 
concerns about the draft “Background document for development of WHO Guidelines for 
Drinking-water Quality” for PFOS and PFOA. We strongly recommend that this document be 
significantly revised and the numerous peer-reviewed scientific studies demonstrating 
strong links between PFOS and PFOA exposure and the many adverse health outcomes be 
carefully considered. Otherwise, the proposed guidance should be withdrawn. 
 
The proposed WHO guidelines are derived using a seemingly arbitrary technology-based 
approach (p. 80) and are far less protective than if a scientifically defensible health-based 
approach were used.1, 2 The WHO assessment disregards the robust evidence of human health 
harm at environmentally relevant exposure levels3, 4, 5 which is also supported by experimental 
literature.6 Additionally, the proposed guidelines are much less protective than what can be 
achieved by the commonly used water treatment technologies identified in the WHO (p. 75) 
and other7, 8 reports.  
 
Below are a few examples illustrating how the WHO survey of scientific studies omits or 
obscures strong evidence of the links between PFOS and PFOA exposure and adverse health 
outcomes.  
 

• Carcinogenicity. The US Environmental Protection Agency (EPA), California EPA, and 

the US EPA Science Advisory Board (SAB) and its PFAS Review Panel all agree that 

evidence from animal and human studies (including within the general population) 

supports development of a drinking water guideline for PFOA based on cancer risk,9 

and WHO’s drinking water guidelines for many other contaminants are based on cancer 

risk. Applying a PFOA cancer slope factor based on human data developed by another 

authoritative group10 would result in a drinking water value well below the WHO 

provisional guideline, making this an important and sensitive endpoint for risk 

assessment. 

 

https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/pfos-pfoa-gdwq-bd-working-draft-for-public-review-29.9.22.pdf?sfvrsn=eac28c23_3
https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/pfos-pfoa-gdwq-bd-working-draft-for-public-review-29.9.22.pdf?sfvrsn=eac28c23_3
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• Liver Damage. While the draft document acknowledges the consistent association 

between PFOS and PFOA exposure and increased serum alanine aminotransferase 

(ALT), it misleadingly determines that the association is “small” and inaccurately 

concludes that there is “no evidence of liver disease” (p.69). The US EPA SAB report 

determined that population elevations in ALT are reliably associated with increased 

disease and mortality from liver disease and from other causes and that ALT should 

therefore be considered as an endpoint for risk assessment.9 California EPA is using 

increased levels of ALT as the basis for their draft non-cancer drinking water value for 

PFOA.10 The draft document also ignores that there is parallel, substantial evidence of 

associations between PFOA exposure and biomarkers of liver disease besides ALT 

across populations.11, 12, 13, 14, 15, 16 Additionally, the draft overlooks that “small” 

perturbations of ALT are predictably associated with larger perturbations in clinically 

abnormal values in the general population.17, 18, 19 This can be seen specifically for 

PFOA, in both cross-sectional and longitudinal studies and at environmentally relevant 

exposure levels affecting many contaminated communities.3, 6, 13, 20 The draft further 

dismisses parallel evidence  that PFAS cause increases in biomarkers of liver damage 

and microscopic changes in liver cells indicative of steatosis (fatty liver) in multiple 

species of experimental animals, as well as in cultured cells.3, 6, 21, 22, 23 

 

• Increased Cholesterol. The association of PFOS and PFOA exposure with increased 

total and LDL cholesterol is strongly supported by data from studies of multiple 

populations using different study designs and is likely causal.6, 24, 25 California EPA is 

using human studies of increased cholesterol as the basis for its draft non-cancer 

drinking water value for PFOS.10  The WHO analysis omits this evidence and makes an 

entirely unsupported speculation that documented associations of PFAS and serum 

lipids may be chalked up to “inter-individual variability” (p.69) despite evidence from 

populations from around the world and a replicable dose response in large population 

studies.26, 27, 28 The wealth of population data linking PFAS exposure is also fully 

consistent with the histologic findings of steatosis (fatty liver) in studies of laboratory 

animals and cultured cells, noted above.3, 6,21, 22, 23  Further, the draft does not mention 

associations of PFAS with clinically defined high cholesterol,29 and leaves readers with 

the impression that there is no excess cardiovascular morbidity, discounting the 

obvious lipid medication needs, costs, and side effect profiles associated with 

treatment of high cholesterol in an ever-increasing number of exposed populations. 

  

• Immune Effects. The draft contains important misstatements regarding 

immunotoxicity and the value of the vaccine response in serving as a robust marker of 

immunotoxicity.30 The US EPA SAB and its PFAS Review Panel concluded that 

decreased antibody response to vaccines in humans is a valid endpoint for risk 

assessment because when “the vaccine response is suppressed, it indicates that some 
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part of the immune system is not performing at the level that it should.”9 Therefore, 

epidemiological studies that report diminishment of the vaccine response with 

increased levels of PFOA/PFOS exposure, such as those cited in the draft (Sections 

4.2.4 and 5.6), reflect robust immunotoxicological outcomes. Additionally, the draft 

discounts supportive rodent data by stating that immunotoxicity caused by PFAS is 

accompanied by changes in food consumption and/or weight, yet most of the rodent 

studies cited in the draft (Section 5.6) indicate diminishment of the antigen-specific 

antibody response at administered doses that do not induce changes in body weight 

and/or food consumption. 

 

As summarized above, the current science along with most recently proposed US EPA health 
advisories1 and European Commission Scientific Committee on Health, Environmental and 
Emerging Risks’ opinion2 provide compelling evidence that exposures to PFOS, PFOA and 
other PFAS have adverse impacts on human and animal health, even at very low levels.    
 
As the authoritative international body on public health and water quality, WHO should 
provide health-protective, science-based guidance. We strongly recommend that WHO issue 
science-based guidelines supported by a comprehensive review of the scientific literature 
and commonly used treatment technologies or otherwise withdraw the proposed 
guidance. PFOA and PFOS are routinely removed from drinking water to non-detectable 
levels. Therefore, treatment removal limitations do not prevent the ability to meet health 
protective drinking water levels.  
 
We share the WHO’s concern about the high cost of PFAS remediation (p. 81). However, the 
high cost associated with water treatment measures is not a valid justification for setting 
less protective drinking water guidelines. What is urgently needed is for authorities around 
the globe to work to prevent exposure and establish mechanisms to hold chemical 
manufacturers financially responsible for the cost of remediation. Although PFAS 
manufacturers’ own research has documented the health harm of PFAS, they continue selling 
these chemicals contaminating the drinking water and harming the health of numerous 
communities worldwide.  
 
Finally, as an authoritative body, WHO should enforce conflict-of-interest policies, so that 

those with financial and other conflicts-of-interest are not in advisory, peer-review, or 

decision-making roles. We strongly urge WHO to avoid any suggestion of possible lack of 

objectivity and request that WHO identify the names, affiliations, and potential conflicts-of-

interest of those involved in the preparation or peer-review of this draft and any future WHO 

documents.   

 

Respectfully submitted, 
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The views expressed are those of the signatories and do not necessarily represent their 
affiliated organizations. 
 
Marlene Ågerstrand, PhD, Assistant Professor, Stockholm University, Sweden 
Lutz Ahrens, Professor, Senior Researcher, Department of Aquatic Sciences and Assessment, 
Swedish University of Agricultural Sciences (SLU), Sweden 
Amira Aker, PhD, MPH, Postdoctoral Fellow, Universite Laval, Canada 
David Andrews, PhD, Senior Scientist, Environmental Working Group, USA 
Hans Peter Arp, PhD, Professor, NGI/NTNU, Norway 
Ana Carolina Baeza, PhD, Associate Professor, Universdiad de Concepción, Chile 
Robert Barouki, MD PhD, Professor, Unit Director, Université Paris Cité, France 
Sivani Baskaran, PhD, Postdoctoral Fellow, Norwegian Geotechnical Institute, Norway 
David Behringer, PhD, Independent Environmental Consultant, Öko-Recherche GmbH, 
Germany 
Bengt Åke Bergman, PhD, Professor, Örebro University, Sweden 
Linda Birnbaum, PhD, Scientist Emeritus and Former Director, NIEHS and NTP, USA 
Annelise Blomberg, ScD, Postdoctoral Fellow, Lund University, Sweden 
Arlene Blum, PhD, Executive Director, Green Science Policy Institute, Research Associate, Cell 
and Molecular Biology, UC Berkeley, USA 
Flora Borchert, MSc, PhD Student, Stockholm University, Sweden 
Bailey Bowers, PhD, Visiting Assistant Professor of Chemistry, Earlham College, USA 
Joseph Braun, PhD, Associate Professor, Brown University, USA 
Gijsbert Breedveld, PhD, Department Leader Arctic Technology, University Centre in 
Svalbard, Norway 
Phil Brown, PhD, University Distinguished Professor of Sociology and Health Sciences | 
Director, Social Science Environmental Health Research Institute, Northeastern University, 
USA 
Courtney Carignan, PhD, Assistant Professor, Michigan State University, USA 
Maxim Carlier, MSc, PhD Candidate, Vrije Universiteit Amsterdam, Netherlands 
Elyse Caron-Beaudoin, PhD, Assistant Professor, University of Toronto Scarborough, Canada 
Alexandra Caterbow, M.A., Co-Director, Health and Environment Justice Support 
(HEJSupport), Germany 
Lida Chatzi, MD, PhD, Professor, University of Southern California, USA 
Terrence Collins, PhD, Teresa Heinz Professor of Green Chemistry and Director, Institute for 
Green Science, Carnegie Mellon University, USA 
Jeanne A Conry, MD, PhD, President, The International Federation of Gynecology and 
Obstetrics, United Kingdom 
Vincenzo Cordiano, MD, Retired, former Head, Department of Oncohematology, Civic 
Hospital,zip 36078, Valdagno, Italyl, Head, Veneto Office of the International Society of 
Doctors for Environment- ISDE Italia OdV, Italy 
Alissa Cordner, PhD, Associate Professor, Whitman College, USA 
Lilian Corra, MD, ISDE International Secretary, International Society of Doctors for the 
Environment ISDE, Argentina 
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Ian Cousins, PhD, Professor & Group Leader, Department of Environmental Science, 
Stockholm University, Sweden 
Rachel Criswell, MD, MS, Attending Physician, Redington-Fairview General Hospital, USA 
Jessica D'eon, PhD, Associate Professor, Teaching Stream, University of Toronto, Canada 
Jamie DeWitt, PhD, Professor of Pharmacology & Toxicology, East Carolina University, USA 
Miriam L Diamond, PhD, Professor, University of Toronto, Canada 
Jimena Diaz Leiva, PhD, Science Director, Center for Environmental Health, USA 
Wiebke Drost, PhD, Scientific Officer, German Environment Agency, Germany 
Alan Ducatman, MD, Professor Emeritus, West Virginia University School of Public Health, 
USA 
Magnus Engwall, PhD, Professor in Environmental Toxicology, Örebro University, Sweden 
Ingrid Ericson Jogsten, PhD, Associate Professor in Environmental Chemistry, Örebro 
University, Sweden 
Sue Fenton, PhD MS, Reproductive Endocrinologist, NIEHS, USA 
Tony Fletcher, PhD, Assoc Professor, London School of Hygiene and Tropical Medicine, 
United Kingdom 
Kay L. Fritz, PhD, MA, RD, Toxicologist, Michigan Department of Agriculture & Rural 
Development (MDARD), USA 
Jean Froment, PhD, Post-doctoral Researcher, Stockholm University, Sweden 
Mary Gant, MSc, Director of Government Affairs, Green Science Policy Institute, USA 
Fernando Garcia Menendez, PhD, Assistant Professor, North Carolina State University, USA 
Kimberly Garrett, PhD, MPH, Postdoctoral Research Associate, Northeastern University, USA 
Maya Gislason, PhD, Associate Professor, Simon Fraser University, Canada 
Juliane Glüge, Dr., Senior Researcher, ETH Zürich, Switzerland 
Helen Goeden, PhD, Toxicologist/Risk Assessor, Individual, USA 
Gretta Goldenman, MPP, JD, Co-coordinator, Global PFAS Science Panel, Belgium 
Helen Håkansson, PhD, Professor Emeritus, Institute of Environmental Medicine, Karolinska 
Institutet, Sweden 
Sarah Hale, PhD, Senior Scientist, Norwegian Geotechnical Institute, Norway 
Kris Hansen, PhD, Consultant, Individual, USA 
Linda Hanssen, PhD, Senior Researcher, NILU, Norway 
Zongzhe He, PhD, Researcher, Stockholm University, Sweden 
Dorte Herzke, PhD, Senior Researcher, NILU, Norway 
Nigel Holmes, BSc, Senior Principal Advisor Incident Management, Queensland Dept of 
Environment and Science, Australia 
Xindi Hu, ScD, Lead Data Scientist, Mathematica, USA 
Lydia Jahl, PhD, Science & Policy Associate, Green Science Policy Institute, USA 
Genon K. Jensen, Executive Director, Health and Environment Alliance (HEAL), Belgium 
Olga-Ioanna Kalantzi, PhD, Associate Professor, University of the Aegean, Greece 
Isabella Karlsson, PhD, Researcher, Stockholm University, Sweden 
Anna Kärrman, PhD, Associate Professor, Örebro University, Sweden 
Diana Kättström, MSc, PhD student, Stockholm University, Sweden 
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Jennifer Kay, PhD, Research Scientist in Toxicology and Carcinogenicity, Silent Spring 
Institute, USA 
Jonatan Kleimark, PhD, Senior Chemicals and Business Advisor, ChemSec, Sweden 
Detlef Knappe, PhD, Professor, North Carolina State University, USA 
Lisbeth E. Knudsen, PhD, Professor, Department of Public Health, University of Copenhagen, 
Denmark 
Janna Kuhlmann, MSc, Chemical Policy and Consumer Protection, BUND - Friends of the 
Earth Germany, Germany 
Carol Kwiatkowski, PhD, Science and Policy Senior Associate, Green Science Policy Institute, 
USA 
Håkon Austad Langberg, PhD, Researcher and Senior Engineer, Norwegian Geotechnical 
Institute (NGI), Norway 
Bruce Lanphear, MD, MPH, Professor, Simon Fraser University, Canada 
Robert Laumbach, MD, Associate Professor, Rutgers University School of Public Health, USA 
Mélanie Lemire, PhD, Associate Professor, Université Laval, Canada 
Anna Lennquist, PhD, Senior Toxicologist, ChemSec, Sweden 
Robert Letcher, PhD, Adjunct Professor, Carleton University, Canada 
Wenting Li, PhD, Post-doc Researcher, University of California Davis, USA 
Maricel Maffini, PhD, Independent Consultant, USA 
Jonathan Martin, PhD, Professor, Scientific Director, Stockholm University, Sweden 
Carrie McDonough, PhD, Assistant Professor, Carnegie Mellon University, USA 
Pingping Meng, PhD, Postdoctoral Researcher, North Carolina State University, USA 
Luc Miaz, MSc, PhD Student, Stockholm University, Sweden 
David Michaels, PhD, MPH, Professor, George Washington University School of Public Health, 
USA 
Martin Mulvihill, PhD, Founder and Managing Director, Safer Made, USA 
Vitalia Murgia, MD pediatrician, Medical Consultant, International Association Doctors for the 
Environment ISDE Italia, Italy 
Eileen Murphy, PhD, Vice President, NJ Audubon, United States 
Dorota Napierska, PhD, Policy Officer on Toxic-Free Consumption & Production, Zero Waste 
Europe, Belgium 
Michael Neumann, PhD, Scientific Officer, German Environment Agency (UBA) / Section IV 
2.3 Chemicals, Germany 
Carla Ng, PhD, Associate Professor, Civil & Environmental Engineering, University of 
Pittsburgh, USA 
Katherine Pelch, PhD, Scientist, Natural Resources Defense Council, USA 
Anna Reade, PhD, Senior Scientist, Natural Resources Defense Council, USA 
Rick Rediske, PhD, Distinguished Research Fellow, Annis Water Resources Institute, USA 
Lauren Richter, PhD, Assistant Professor, University of Toronto, Canada 
Megan Romano, MPH, PhD, Associate Professor, Dartmouth Geisel School of Medicine, USA 
Francesco Romizi, Dr, Public Affairs Manager ISDE, ISDE, Associazione Medici per l'Ambiente, 
Italy 
Mario Saugo, MD, Contract Lecturer, Università di Padova, Italia 
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Martin Scheringer, DSc, Senior Scientist, ETH Zürich (Swiss Federal Institute of Technology), 
Switzerland 
Jona Schulze, MSc, Scientific Officer, Individual, Germany 
Emma Schymanski, PhD (Dr. rer. nat.), Associate Professor, Luxembourg Centre for Systems 
Biomedicine, University of Luxembourg, Luxembourg 
Anna Soehl, MSc, Science & Policy Consultant, Green Science Policy Institute, USA 
Athanasios Stasinakis, PhD, Associate Professor, University of the Aegean, Greece 
Klaus Steinhäuser, Prof. PhD, Deputy Speaker of BUND Working Group Environmental 
Chemicals and Toxicology, BUND e.V., Germany 
Denise Strand, MSc, PhD student, Stockholm University, Dept. for Environmental Science, 
Sweden 
Ryan Sullivan, PhD, Professor of Chemistry; Associate Director, Institute for Green Science, 
Carnegie Mellon University, USA 
Brita Sundelin, PhD, Assoc Professor, Stockholm University, ACES, Sweden 
Tim Takaro, MD, MPH, MS., Professor, Faculty of Health Sciences, Simon Fraser University 
and University of Washington, Canada 
Amalie Timmermann, PhD, Assistant Professor, National Institute of Public Health / Statens 
Institut for Folkesundhed, Denmark 
Leonardo Trasande, MD, MPP, Jim G. Hendrick, M.D. Professor of Pediatrics, NYU Grossman 
School of Medicine, USA 
Ingo Valentin, Dipl.-Ing., Spokesmen Working Group Soil Conservation/Contaminated Sites, 
Friends of the Earth Germany (BUND), Germany 
Anne Marie Vinggaard, PhD, Professor, Technical University of Denmark, Denmark 
Martine Vrijheid, PhD, Research Professor, ISGlobal, Spain 
Charlotte Wagner, PhD, Scientist, Stockholm Environment Institute, USA 
Roland Weber, Dr. rer. nat. (equivalent to PhD), Head, POPs Environmental Consulting, 
Germany 
Jana Weiss, Associate Professor, Researcher, Dept. Environmental Science, Stockholm 
University, Sweden 
Karin Wiberg, Professor, Professor, SLU, Sweden 
Chunjie Xia, PhD, Visiting Research Associate, Indiana University Bloomington, USA 
Guomao Zheng, PhD, Assistant Professor, Southern University of Science and Technology, 
China 
 
 
 

 

 

  



 
 

8 

 

 

 

References: 
1 US Environmental Protection Agency. 2022 Interim Updated PFOA and PFOS Health 
Advisories. June 2022. https://www.epa.gov/sdwa/drinking-water-health-advisories-pfoa-and-
pfos 
2 Scientific Committee on Health, Environmental and Emerging Risks (SCHEER). Scientific 
Opinion on "Draft Environmental Quality Standards for Priority Substances under the Water 
Framework Directive" – PFAS. August 2022. https://health.ec.europa.eu/publications/scheer-
scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en 
3 Costello E, Rock S, Stratakis N, Eckel SP, Walker DI, Valvi D, Cserbik D, Jenkins T, Xanthakos 
SA, Kohli R, Sisley S, Vasiliou V, La Merrill MA, Rosen H, Conti DV, McConnell R, Chatzi L. 
Exposure to Per- and Polyfluoroalkyl Substances and Markers of Liver Injury: A Systematic 
Review and Meta-Analysis. Environ Health Perspect. 2022 Apr;130(4):46001. 
https://doi.org/10.1289/EHP10092  
4 Panieri E, Baralic K, Djukic-Cosic D, Buha Djordjevic A, Saso L. PFAS Molecules: A Major 
Concern for the Human Health and the Environment. Toxics. 2022;10(2):44. 
https://doi.org/10.3390/toxics10020044 
5 Pachkowski B, Post GB, Stern AH. The Derivation of a Reference Dose (RfD) for 
Perfluorooctane Sulfonate (PFOS) Based on Immune Suppression. Environ Res. 2019;171:452–
469. https://doi.org/10.1016/j.envres.2018.08.004 
6 Fenton SE, Ducatman A, Boobis A, DeWitt JC, Lau C, Ng C, Smith JS, & Roberts SM. Per- and 
Polyfluoroalkyl Substance Toxicity and Human Health Review: Current State of Knowledge 
and Strategies for Informing Future Research. Environmental Toxicology and Chemistry. 
2020;40(3):606-30. https://doi.org/10.1002/etc.4890. 
7 New Jersey Drinking Water Quality Institute, Treatment Subcommittee. 2017. Second 
Addendum to Appendix C: Recommendation on Perfluorinated Compound Treatment Options for 
Drinking. November 2017. https://www.state.nj.us/dep/watersupply/pdf/pfos-
recommendation-appendix-c.pdf 
8 A statement from the Government of Horsham, Pennsylvania, USA. February 2019. 
https://horsham.org/files/documents/news41081487021519091129a.pdf  
9 Science Advisory Board. Review of EPA’s Analyses to Support EPA’s National Primary Drinking 
Water Rulemaking for PFAS. Final Report. August 2022. 
https://sab.epa.gov/ords/sab/f?p=100:18:16490947993:::RP,18:P18_ID:2601#report 
10 California Environmental Protection Agency. Proposed Public Health Goals for 
Perfluorooctanoic Acid and Perfluorooctane Sulfonic Acid in Drinking Water. July 2021. 
https://oehha.ca.gov/sites/default/files/media/downloads/crnr/pfoapfosphgdraft061021.pdf 
11 Borghese MM, Liang CL, Owen J, Fisher M. Individual and Mixture Associations of 
Perfluoroalkyl Substances on Liver Function Biomarkers in the Canadian Health Measures 
Survey. Environmental Health. 2022;21(1):85. https://doi.org/10.1186/s12940-022-00892-6     
12 Liu JJ, Cui XX, Tan YW, Dong PX, Ou YQ, Li QQ, Chu C, Wu LY, Liang LX, Qin SJ, Zeeshan M, 
Zhou Y, Hu LW, Liu RQ, Zeng XW, Dong GH, & Zhao XM. Per- and Perfluoroalkyl Substances 
Alternatives, Mixtures and Liver Function in Adults: A Community-Based Population Study in 

https://www.epa.gov/sdwa/drinking-water-health-advisories-pfoa-and-pfos
https://www.epa.gov/sdwa/drinking-water-health-advisories-pfoa-and-pfos
https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en
https://health.ec.europa.eu/publications/scheer-scientific-opinion-draft-environmental-quality-standards-priority-substances-under-water_en
https://doi.org/10.1289/EHP10092
https://doi.org/10.3390/toxics10020044
https://doi.org/10.1016/j.envres.2018.08.004
https://doi.org/10.1002/etc.4890
https://www.state.nj.us/dep/watersupply/pdf/pfos-recommendation-appendix-c.pdf
https://www.state.nj.us/dep/watersupply/pdf/pfos-recommendation-appendix-c.pdf
https://horsham.org/files/documents/news41081487021519091129a.pdf
https://sab.epa.gov/ords/sab/f?p=100:18:16490947993:::RP,18:P18_ID:2601#report
https://oehha.ca.gov/sites/default/files/media/downloads/crnr/pfoapfosphgdraft061021.pdf
https://doi.org/10.1186/s12940-022-00892-6


 
 

9 

 

 

China. Environment International. 2022;163,107179. 
https://doi.org/10.1016/j.envint.2022.107179  
13 Salihovic S, Stubleski J, Kärrman A, Larsson A, Fall T, Lind L, & Lind PM. Changes in Markers 
of Liver Function in Relation to Changes in Perfluoroalkyl Substances - A Longitudinal Study. 
Environment International. 2018;17,196–203. https://doi.org/10.1016/j.envint.2018.04.052  
14 Wang P, Liu D, Yan S, Cui J, Liang Y, Ren S. Adverse Effects of Perfluorooctane Sulfonate on 
the Liver and Relevant Mechanisms. Toxics. 2022;10(5):265. 
https://doi.org/10.3390/toxics10050265 
15 Cakmak S, Lukina A, Karthikeyan S, Atlas E, & Dales R. The Association Between Blood PFAS 
Concentrations and Clinical Biochemical Measures of Organ Function and Metabolism in 
Participants of the Canadian Health Measures Survey (CHMS). Science of the Total Environment 
2022;827:153900.  https://doi.org/10.1016/j.scitotenv.2022.153900  
16 Gleason JA, Post GB, Fagliano JA. Associations of Perfluorinated Chemical Serum 
Concentrations and Biomarkers of Liver Function and Uric Acid in the US Population 
(NHANES), 2007-2010. Environ Res. 2015;136:8-14. 
https://doi.org/10.1016/J.ENVRES.2014.10.004  
17 Kwo PY, Cohen SM, Lim JK. ACG Clinical Guidance: Evaluation of Abnormal Liver 
Chemistries. Am J Gastroenterol. 2017; 112(1):18-35. https://doi.org/10.1038/AJG.2016.517  
18 Ioannou GN, Weiss NS, Boyko EJ, Mozaffarian D & Lee SP. Elevated Serum Alanine 
Aminotransferase Activity and Calculated Risk of Coronary Heart Disease in the United States. 
Hepatology, 2006;43(5):1145-51. https://doi.org/10.1002/HEP.21171  
19 Sherman KE. Alanine Aminotransferase in Clinical Practice. A review. Archives of Internal 
Medicine. 1991;151(2):260-265. https://doi.org/10.1001/ARCHINTE.1991.00400020036008  
20 Lin CY, Lin LY, Chiang CK, Wang WJ, Su YN, Hung KY, & Chen PC. Investigation of the 
Associations Between Low-Dose Serum Perfluorinated Chemicals and Liver Enzymes in US 
Adults. The American Journal of Gastroenterology. 2010;105(6):1354-1363. 
https://doi.org/10.1038/AJG.2009.707  
21 Sen P, Qadri S, Luukkonen PK, Ragnarsdottir O, McGlinchey A, Jäntti S, Juuti A, Arola J, 
Schlezinger J J, Webster T F, Orešič M, Yki-Järvinen H, & Hyötyläinen, T. Exposure to 
Environmental Contaminants is Associated with Altered Hepatic Lipid Metabolism in Non-
Alcoholic Fatty Liver Disease. Journal of Hepatology. 2022;76(2): 283-293. 
https://doi.org/10.1016/j.jhep.2021.09.039 
22 Das KP, Wood CR, Lin MJ, Starkov AA, Lau C, Wallace KB, Corton JC, & Abbott BD. 
Perfluoroalkyl Acids-Induced Liver Steatosis: Effects on Genes Controlling Lipid Homeostasis. 
Toxicology. 2017;378:37-52. https://doi.org/10.1016/j.tox.2016.12.007 
23 Qazi MR, Abedi MR, Nelson BD, DePierre JW, Abedi-Valugerdi M. Dietary Exposure to 
Perfluorooctanoate or Perfluorooctane Sulfonate Induces Hypertrophy in Centrilobular 
Hepatocytes and Alters the Hepatic Immune Status in Mice. International 
Immunopharmacology. 2010;10(11):1420-1427. https://doi.org/10.1016/J.INTIMP.2010.08.009 
24 Ho SH, Soh SXH, Wang MX, Ong J, Seah A, Wong Y, Fang Z, Sim S, Lim JT. Perfluoroalkyl 
Substances and Lipid Concentrations in the Blood: A Systematic Review of Epidemiological 
Studies. Sci Total Environ. 2022;Dec 1;850:158036. 
https://doi.org/10.1016/J.SCITOTENV.2022.158036  

https://doi.org/10.1016/j.envint.2022.107179
https://doi.org/10.1016/j.envint.2018.04.052
https://doi.org/10.3390/toxics10050265
https://doi.org/10.1016/j.scitotenv.2022.153900
https://doi.org/10.1016/J.ENVRES.2014.10.004
https://doi.org/10.1038/AJG.2016.517
https://doi.org/10.1002/HEP.21171
https://doi.org/10.1001/ARCHINTE.1991.00400020036008
https://doi.org/10.1038/AJG.2009.707
https://doi.org/10.1016/j.jhep.2021.09.039
https://doi.org/10.1016/j.tox.2016.12.007
https://doi.org/10.1016/J.INTIMP.2010.08.009
https://doi.org/10.1016/J.SCITOTENV.2022.158036


 
 

10 

 

 
25 Lind PM, Lind L. Are Persistent Organic Pollutants Linked to Lipid Abnormalities, 
Atherosclerosis and Cardiovascular Disease? A Review. J Lipid Atheroscler. 2020;Sep;9(3):334-
348. https://doi.org/10.12997/jla.2020.9.3.334   
26 Steenland K, Tinker S, Frisbee S, Ducatman A, Vaccarino V. Association of Perfluorooctanoic 
Acid and Perfluorooctane Sulfonate with Serum Lipids Among Adults Living Near a Chemical 
Plant. American Journal of Epidemiology. 2009;170(10):1268-1278. 
https://doi.org/10.1093/AJE/KWP279  
27 Li Y, Barregard L, Xu Y, Scott K, Pineda D, Lindh CH, Jakobsson K, & Fletcher T. Associations 
Between Perfluoroalkyl Substances and Serum Lipids in a Swedish Adult Population with 
Contaminated Drinking Water. Environmental Health. 2020;19(1):33. 
https://doi.org/10.1186/S12940-020-00588-9   
28 Darrow LA, Groth AC, Winquist A, Shin HM, Bartell SM, Steenland K. Modeled 
Perfluorooctanoic Acid (PFOA) Exposure and Liver Function in a Mid-Ohio Valley Community. 
Environ Health Perspect. 2016;124(8):1227-1233. https://doi.org/10.1289/ehp.1510391  
29 Steenland K, Jin C, MacNeil J, Lally C, Ducatman A, Vieira V, Fletcher T. Predictors of PFOA 
Levels in a Community Surrounding a Chemical Plant. Environ Health Perspect. 
2009;117(7):1083-1088. https://doi.org/10.1289/ehp.0800294  
30 DeWitt JC, Germolec DR, Lubke RW, Johnson VJ. Associating Changes in the Immune 
System with Clinical Diseases for Interpretation of Risk Assessment. Current Protocols in 
Toxicology, 2016;67(1), 18.1.1-18.1.22. https://doi.org/10.1002/0471140856.TX1801S67  
 

https://doi.org/10.12997/jla.2020.9.3.334
https://doi.org/10.1093/AJE/KWP279
https://doi.org/10.1186/S12940-020-00588-9
https://doi.org/10.1289/ehp.1510391
https://doi.org/10.1289/ehp.0800294
https://doi.org/10.1002/0471140856.TX1801S67

