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Chairman Barrasso, Ranking Member Carper, Distinguished Members of the Senate Committee 
on Environment and Public Works, thank you for inviting me to testify at this hearing on a topic 
of increasing interest to the scientific community and to the greater public.  I am Linda 
Birnbaum, the Director of the National Institute of Environmental Health Sciences (NIEHS) 
within the National Institutes of Health (NIH).  I am also the Director of the National 
Toxicology Program (NTP), which serves to develop and coordinate toxicological testing 
across the Department of Health and Human Services, to conduct hazard assessments of toxic 
substances, and to manage the Interagency Coordinating Committee on the Validation of 
Alternative Methods.  For the past 40 years I have conducted primary research in toxicology, 
and I am here today in my role as Director of NIEHS to provide a scientific perspective about 
the large, complex, and ever-expanding class of chemicals known as per and polyfluoroalkyl 
substances (PFAS). 
 
The National Institute of Environmental Health Sciences (NIEHS) 

 
The NIEHS is one of several Federal agencies actively working to address various aspects 
related to PFAS.  The NIEHS mission, as set forth under the Public Health Service Act, is to 
conduct and support research, training, and health information dissemination with respect to 
environmental factors that may affect human health, directly or indirectly.1  With this mandate, 
NIEHS researchers use state-of-the-art science and technology to investigate the interplay 
between environmental exposures, human biology, genetics, and human disease to help 
prevent illness, morbidity, and mortality, and improve human health.  No age group or disease 
is beyond the NIEHS mission.  Considering this fact, NIEHS researchers collaborate with their 
peers at the other NIH Institutes and Centers focused on specific life stages, organ systems, or 
diseases. 
 
NIEHS also has responsibilities under the Superfund Amendments and Reauthorization Act of 
1986 (SARA) which created the Worker Training Program (WTP) and the Superfund Research 
Program (SRP) within NIEHS.2  The SRP is a broad university-based research program 
capable of addressing the wide array of scientific uncertainties facing the national Superfund 
program.  Within this purview is the development of methods and technologies to detect 
hazardous substances in the environment; advanced techniques for the detection, assessment, 
and evaluation of the effects on human health of hazardous substances; methods to assess the 
risks to human health presented by hazardous substances; and basic biological, chemical, and 
physical methods to reduce the amount and toxicity of hazardous substances. 
 
For nearly three decades,3 NIEHS has been the leading Federal agency sponsoring basic 
research investigating health effects associated with human exposures to PFAS.  NIEHS-
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supported research uses human observational studies, animal models, in vitro tissue and cell 
culture systems, in silico approaches, and high throughput screening to study the effects of 
environmental exposure.   
 
The most conclusive research focuses on a single chemical to understand the cause and effect 
on human health.  While studying potentially toxic chemicals, we are largely limited to natural 
history and population-based studies that attempt to find connections between populations 
exposed and health effects in the real world.  For that reason, you will hear me talk about 
�³�D�V�V�R�F�L�D�W�L�R�Q�V�´���± certain health effects happened to more people than normal in populations that 
are exposed. 
 
The research conducted to date reveals associations between PFAS exposures and a variety of 
specific adverse human health outcomes.  These include the potential for �H�I�I�H�F�W�V���R�Q���F�K�L�O�G�U�H�Q�¶�V��
cognitive and neurobehavioral development, immune system dysfunction, endocrine 
disruption, obesity, diabetes, lipid metabolism, and cancer.  While knowledge about these 
epidemiologic associations has steadily expanded in recent years, many questions remain 
unanswered.  The NIEHS and NTP, in coordination with other Federal agencies and State and 
local governments, continue to conduct research to enhance our understanding of the potential 
mechanisms and biological processes through which PFAS may be affecting human health.  
NIEHS coordinates and participates in governmental health research to assure applicability, 
disseminate findings, and prevent duplication of effort.  To this end, NIEHS continues to co-
host and participate in numerous symposia and collaborative working groups. 
 
Per and Polyfluoroalkyl Substances (PFAS) 

 

Before detailing the health effects associated with PFAS exposures, it is necessary to describe 
this class of chemicals.  First created in the 1930s and 1940s, PFAS include some 4,700 man- 
made chemicals that contain fluorine atoms bonded to a carbon chain.4  The carbon-fluorine 
bond is one of the strongest ever created by man and is rarely seen in nature.  The unique 
chemical composition of PFAS imparts desirable physical and chemical properties for 
consumer and industrial products, such as oil and water repellency, high and low temperature 
stability, and friction reduction.  These properties have led to PFAS incorporation in a wide 
range of consumer products, including textiles, paper products, semiconductors, automotive 
and aerospace components, cookware, food packaging, and stain repellant clothing.  In 
addition, PFAS play an important role in 
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humans. 
 

Decreased Immune System Function 
As early as 1978, scientists observed immunotoxicity in non-human primates exposed to 
PFAS.15  In 2016, NTP conducted a systematic literature review which concluded that PFOA 
and PFOS are presumed to be a hazard to healthy immune system function in humans.16  This 
conclusion is based on a high level of evidence that PFOA and PFOS suppressed the antibody 
response in animal studies, and a moderate level of evidence that these chemicals affect 
multiple aspects of the immune system in humans.  Adult PFAS exposure has also been 
associated with decreases in antibody production.17  NTP is building on this 2016 systematic 
review to evaluate immunotoxicity of six related PFAS:  PFDA, PFNA, PFHxA, PFBA, PFBS 
and PFHxS.18 
 
Cancer 

The epidemiological data on associations between PFAS and cancer risk are limited.  Those 
published studies were recently summarized by the Agency for Toxic Substances and Disease 
Registry (ATSDR) in their Draft Toxicological Profile for Perfluoroalkyls.19  According to the 
�7�R�[�L�F�R�O�R�J�L�F�D�O���3�U�R�I�L�O�H�����³�2�F�F�X�S�D�W�L�R�Q�D�O���D�Q�G���F�R�P�P�X�Q�L�W�\���H�[�S�R�V�X�U�H���V�W�X�G�L�H�V���K�D�Y�H���I�R�X�Q�G���L�Q�F�U�H�D�V�H�V���L�Q��
the risk of testicular and kidney cancer associated with PFOA.  No consistent epidemiologic 
evidence for other cancer types were found for PFOA.20,21  For PFOS, one occupational 
exposure study reported an increase in bladder cancer,22 but this was not supported by 
subsequent occupational studies.  General population studies have not consistently reported 
increases in malignant tumors for PFOS.  Epidemiologic studies examining other perfluoroalkyl 
compounds consisted of two case-control studies.  No increases in breast cancer risk were 
observed for PFHxS or PFNA; an increased breast cancer risk was observed for PFOSA.23 

                                                      
15 Goldenthal EI, Jessup DC, Geil RG, Mehring JS.  Final report, ninety day subacute rhesus monkey toxicity study, 
International Research and Development Corporation, study no.  137�±090, November 10, 1978, U.S.  EPA 
Administrative Record, AR226�±0447. 
16 National Toxicology Program.  Monograph on Immunotoxicity Associated with Exposures to PFOA and PFOS.    
Sept.  2016. Research Triangle Park, NC: U.S.  Internet: 
https://ntp.niehs.nih.gov/pubhealth/hat/noms/pfoa/index.html. 
17 Kielsen K, Shamim Z, Ryder LP, Nielsen F, Grandjean P, Budtz-Jørgensen E, Heilmann C.  Antibody Response 
to Booster Vaccination with Tetanus and Diphtheria in Adults Exposed to Perfluorinated Alkylates.  J. 
Immunotoxicol. 2016; 13(2):270-3.  DOI: 10.3109/1547691X.2015.106717.
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studies are consistent with and provide additional biological plausibility for the developmental 
effects observed in the human studies.34,35

  
 
Endocrine Disruption 

Studies suggest that some PFAS may interfere with healthy hormonal function in the body.  Our 
endocrine system controls our basic physiology, including metabolism, growth, fertility, and 
development.  Human studies suggest a concern that early-life exposures to some PFAS may 
contribute to altered insulin resistance.36,37  Although further confirmation is required, the 
findings from one study suggest that exposures to some PFAS during pregnancy may influence 
lipid metabolism and glucose tolerance.38  A study of pregnant women in Cincinnati found that 
those with higher prenatal PFAS levels had children with higher body fat levels at age eight39�² a 
finding reinforced by other epidemiological studies40,41 and similar effects on excessive body 
weight gain reported for experimental animals.42  It appears that some PFAS may also affect 
body weight later in life.  Scientists at the Harvard School of Public Health have found that 
adults with higher blood levels of some PFAS have lower resting metabolic rates, meaning they 
burn fewer calories while resting, which makes it difficult for them to maintain weight loss.43 

                                                      
34 Valvi D, Oulhote Y, Weihe P, Dalgård C, Bjerve KS, Steuerwald U, Grandjean P.  Gestational diabetes and 
offspring birth size at elevated environmental pollutant exposures.  
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Effects on weight gain have been seen in numerous animal studies,44,45,46 supporting this 
association in humans.  It is particularly concerning that some PFAS alter thyroid hormone 
homeostasis that regulates metabolism and growth.47,48,49   

 
Fertility is another outcome related to endocrine effects.  A literature review of recent human 
epidemiologic evidence on the association between exposure to some PFAS and measures of 
human fertility show effects on the probability of conception.50,51  In addition, several recent 
studies have shown that the duration of breastfeeding decreases with increasing blood 
concentrations of certain PFAS.52,53  This is similar to 2006 findings in animals reporting 
impaired mammary gland development and lactation during and after pregnancy in mice.54 

 
NIEHS Extramural PFAS Research Portfolio 

 
NIEHS currently funds over 40 academic-based research projects that explore the health 
consequences of PFAS exposures.  These projects include fundamental and human-based 
research projects that are funded through competitive awards using various NIH grant 
mechanisms.  Concomitant with the recent emergence of public concerns about PFAS exposures, 
NIEHS has received a large increase in the number of grant applications and awarded more 
grants in this research area over the past year.  For example, since September 2018, NIEHS has 
                                                      
44 Grün F, Blumberg B.  Endocrine Disrupters as Obesogens.  Mol. Cell. Endocrinol.  2009 May 25; 304(1-2):19-29.  
DOI: 10.1016/j.mce.2009.02.018. 
45 Shi Z, Zhang H, Ding L, Feng Y, Xu M, Dai J.  The Effect of Perfluorododecanonic Acid on Endocrine Status, 
Sex Hormones and Expression of Steroidogenic Genes in Pubertal Female Rats.  Reprod. Toxicol.  2009 Jun; 27(3-
4):352-9.  DOI: 10.1016/j.reprotox.2009.02.008. 
46 Holtcamp W.  Obesogens: An Environmental Link to Obesity.  Environ. Health. Perspect.  2012; 120:a62�±8.  
DOI: 10.1289/ehp.120-a62. 
47 Byrne SC, Miller P, Seguinot-Medina S, Waghiyi V, Buck CL, von Hippel FA, Carpenter DO.  Exposure to 
Perfluoroalkyl Substances and Associations with Serum Thyroid Hormones in a Remote Population of Alaska 
Natives.  Environ. Res.  2018 Oct; 166:537-543.  DOI: 10.1016/j.envres.2018.06.014. 
48 Kim MJ, Moon S, Oh BC, Jung D, Ji K, Choi K, Park YJ.  Association Between Perfluoroalkyl Substances 
Exposure and Thyroid Function in Adults: A Meta-Analysis.  PLoS One.  2018 May 10; 13(5):e0197244. DOI: 
10.1371/journal.pone.0197244. 
49 Preston EV, Webster TF, Oken E, Claus Henn B, McClean MD, Rifas-Shiman SL, Pearce EN, Braverman 
LE, Calafat AM, Ye X, Sagiv SK.  Maternal Plasma per- and Polyfluoroalkyl Substance Concentrations in 
Early Pregnancy and Maternal and Neonatal Thyroid Function in a Prospective Birth Cohort: Project Viva 
(USA).  Environ. Health. Perspect.  2018 Feb 27; 126(2):027013.  DOI: 10.1289/EHP2534. 
50 Bach CC, Vested A, Jørgensen K, Bonde JP, Henriksen TB, Toft G.  Perfluoroalkyl and Polyfluoroalkyl 
Substances and Measures of Human Fertility: A Systematic Review.  Crit. Rev. Toxicol.  2016 Oct; 46(9):735-55.  
DOI: 10.1080/10408444.2016.1182117. 
51 Jørgensen KT, Specht IO, Lenters V, Bach CC, Rylander L, Jönsson BAG, Lindh CH, Giwercman A, Heederik D, 
Toft G, Bonde JP.  Perfluoroalkyl substances and time to pregnancy in couples from Greenland, Poland and 
Ukraine.  Environmental Health

-
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awarded 10 new research project grants�² representing a more than 30% increase in its 
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Center is combining biological and chemical treatment options to degrade and destroy PFAS and 

AFFF.71,72,73 

 
NIEHS Time-Sensitive Research Awards 

 

https://www.cuanschutztoday.org/exposure-study-assess-people-water-near-colorado-springs.
https://projectreporter.nih.gov/project_info_details.cfm?aid=9537950&amp;icde=41091915&amp;ddparam&amp;ddvalue&amp;ddsub&amp;cr=4&amp;csb=default&amp;cs=ASC&amp;pball
https://news.ncsu.edu/2017/11/genx-study/
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one water treatment plant,79 and groundwater-fed drinking water wells without granular 
activated carbon filtration.80  Many other PFAS were also measured in treated Cape Fear River 
tap water.  GenX was not detected in the tap water of homes whose groundwater was treated 
with granular activated carbon filtration.  Blood and urine levels reported to date as part of this 
ongoing analysis reveal that PFOA, PFOS,  and additional known and unknown PFAS have 
been detected in the study population.  In rodent models, NTP is studying how GenX moves 
through the body and whether it affects function of the placenta, immune system, liver, and 
other tissues. 
 
NTP REACT Program 

 

The NTP Responsive Evaluation and Assessment of Chemical Toxicity, or REACT, Program 
is broadening our understanding of PFAS by studying over a hundred compounds that fall into 
different subclasses based on similarities in chemical properties.  Scientists will be able to 
compare one PFAS to another, determine the relationship between chain length and other 
structural features and toxicity, and inform on whether there are common or overlapping 
patterns of toxicity. 
 
REACT uses a combination of approaches.  One project analyzes the chemical structure of 
PFAS compounds to see what information is available in databases for that compound or others 
with similar structure.  Chemical structure plays a major role in how chemicals interact and 
chemicals with similar structure often have similar toxicity.  This computer-based step is 
known as in silico screening.  Based on in silico results, chemicals can be selected for further 
targeted laboratory testing with cells, known as in vitro testing.  Examples include testing 
whether PFAS cause cells to die or substantially alter the function of human liver, placenta, or 
mammary gland derived cells.  Some of these tests are similar to, or a refinement of, those used 
in the automated Toxicology in the 21st Century (Tox21) Program, a Federal collaboration 
among the NIH, the U.S.  Environmental Protection Agency (EPA), and the U.S.  Food and 
Drug Administration (FDA).81  The in vitro data are then examined to prioritize select chemicals 

The

https://www.epa.gov/chemical-research/toxicology-testing-21st-century-tox21
https://doi.org/10.3389/fchem.2018.00103
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complex mixture.  Further, toxicological information on these combined PFAS mixtures remains 
incomplete.  Additional research is needed to assess environmental exposures to mixtures and 
determine their combined effects. 
 
Apart from the challenge of characterizing PFAS in environmental samples is the challenge of 
studying PFAS in the human body.  Our present understanding is that the time required for 
elimination of PFAS from the human body can vary.  While some longer chain molecules may 
remain in the blood for years, shorter chain PFAS may be more quickly eliminated.  
Differences in elimination rates of longer and shorter chain PFAS complicates biomonitoring 
as well as toxicological studies.  However, lack of biological persistence does NOT mean lack 
of toxicity, particularly for chemicals like PFAS that may have consistent daily exposures. 
 
Traditional methods for measuring the body burden of PFAS�² namely analyzing serum�² are 
not as effective for shorter chain PFAS as for longer chain PFAS.  Scientists are beginning to 
measure PFAS in urine,83 in plasma, and in whole blood, as well as in serum.84  These expanded 
biomonitoring techniques for sampling and analyses will further inform our understanding of 
exposures and risks.  Using these techniques, many scientists are rightly focusing on measuring 
the total exposure to all PFAS as opposed to the past focus on one substance in isolation.  This 
is important as it allows for understanding cumulative effects of PFAS mixtures as a class. 
Examining the person in the context of the measure of all the exposures they have experienced in 
their lifetime and how they relate to their health is in step with the latest science. 
 
Approaching PFAS as a class for assessing exposure and biological impact is the most prudent 
approach to protect public health.  Based upon their persistent nature, widespread exposure, and 
known toxicity, it begs the question: does the net value of PFAS production and use for 
modern-day convenience outweigh the likely risks to public health and associated healthcare 
costs?  Thus, scientific and technology innovation is critical to enable a shift to safer 
alternatives, as appropriate. 
 
Manufacturers have begun recently to produce and market AFFF devoid of any PFAS.  Such 
fluorine-

https://doi.org/10.1515/bimo-2017-0001
https://doi.org/10.1021/acs.est.7b03299
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Leadership Summit hosted by EPA in May 2018.86  Within the Department of Health and 
Human Services and primarily through NTP, NIEHS works closely with the FDA and the CDC 
on PFAS matters.  Additionally, NIEHS is specifically being consulted by ATSDR on the 
design and conduct of the exposure assessments and health studies authorized by the National 
Defense Authorization Act for Fiscal Year 2018, as amended.87 
 
Conclusion 

 

Thank you again for allowing me to share a scientific perspective on this important topic.  In 
closing, I note that NIEHS is well-positioned to continue contributing essential scientific 
knowledge about this complex and large class of chemicals.  This knowledge can help 
regulators make sound, science-based decisions and informs the medical and public health 
communities about the potential health effects associated with exposure to PFAS.  I welcome 
your questions. 
  

                                                      
https://factor.niehs.nih.gov/2018/3/science-highlights/pfas/index.htm. 
86 U.S. Environmental Protection Agency.  EPA PFAS National Leadership Summit and Engagement.  May 22-23, 
2018.  Internet: https://www.epa.gov/pfas/pfas-national-leadership-summit-and-engagement. 
87 Sec. 316 of the National Defense Authorization Act for Fiscal Year 2018.  Public Law 115-91.  December 12, 
2017. 

https://factor.niehs.nih.gov/2018/3/science-highlights/pfas/index.htm
https://www.epa.gov/pfas/pfas-national-leadership-summit-and-engagement
https://www.congress.gov/115/plaws/publ91/PLAW-115publ91.pdf
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