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Chairman Paul, Ranking Member Peters, Distinguished Members of the Senate Committee on
Homeland Security and Governmental Affairs, Subcommittee on Federal Spending Oversight
and Emergency Management, 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). 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 hazardous substances, and to manage the Interagency Coordinating Committee on
the Validation of Alternative Methods. For over 39 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 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 Superfund Research Program (SRP) within NIEHS. The SRP is
a broad university-based research program capable of addressing the wide array of scientific
uncertainties facing the national Superfund program.2 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. It is important to note
that I said health effects associated with exposure, I did not say caused. That fact should neither
magnify nor diminish the science. It is simply a facet of environmental health. Our science is
challenging because, although we can and do use animal models, in vitro tissue and cell culture
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systems, in silico approaches, and high throughput toxicological screening, we cannot ethically
conduct prospective mechanistic studies in humans.
The most conclusive human health research isolates a single variable to understand the cause and
effect of that variable, whether it be a drug, a microorganism, or a mutated gene. With possibly
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 “associations” – certain health effects happened to
more people than normal in populations that are exposed.
The research conducted to date reveals associations between human PFAS exposures and
specific adverse human health outcomes. These include potential effects on children’s cognitive
and neurobehavioral development, immune system dysfunction, endocrine disruption, obesity,
diabetes and 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 government agencies, continue to conduct research
to enhance our understanding of the potential mechanisms and biological processes through
which PFAS may be impacting human health. In addition, NIEHS has assumed a lead role in
coordinating governmental research among agencies to assure applicability, disseminate
findings, and prevent duplication of effort. To this end, NIEHS has co-hosted and participated in
numerous symposia and 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 are among some 4,700 manmade 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 repellants. In addition, PFAS play an
important role in industrial processes and have been used in aqueous film-forming foams
(AFFF).
Our scientific understanding of PFAS compounds stems almost entirely from studies on a select
few. Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) have been
manufactured the longest, are the most widespread in the environment, and are the most wellstudied. PFOA was used in the production of Teflon®, and PFOS in Scotchgard®. PFOA and
PFOS are considered “long-chain” PFAS due to the length of their carbon chain backbones and
have been studied for several decades. A wide range of “short-chain” PFAS have been
introduced recently as alternatives to the linear, “long-chain” compounds. They have garnered
increased attention by both the scientific community and the general public. Current efforts
4
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within the NIEHS and NTP to greatly enhance our understanding of additional long-chain as
well as short-chain PFAS are detailed later in this testimony.
The chemical composition of PFAS impart high stability for product design, but also makes
PFAS extremely stable in the environment. In fact, PFAS and complex PFAS degradation
products remain in the environment for so long that scientists are unable to estimate an
environmental half-life. As PFAS are incorporated into more diverse processes and products,
they have greater potential for release into the environment. Manufacturing and processing
facilities, airports, and military installations that use firefighting foams are contributors of PFAS
releases into the air, soil, and water, including sources of drinking water.5 Because PFAS are
resistant to typical environmental degradation processes, they are subject to long-range
atmospheric and oceanic current transport. PFAS have been identified in some of the most
remote areas on earth, and PFAS are ubiquitous in a variety of environments.
As new knowledge is acquired about the breadth of exposures in many communities and the
potential hazards to human health, questions arise about whether continued use of PFAS in
specific applications is necessary, or if alternatives exist that may still provide sufficient
performance. As part of our portfolio, NIEHS and NTP contribute substantively to the field of
alternatives assessment to ensure harmful chemicals are not replaced by equally harmful but less
well-studied related compounds.
Human Exposures
Humans are exposed to PFAS through a myriad of pathways, practices, and products. Ingestion,
particularly through drinking water, is the predominant human exposure pathway for many
individuals or communities,6 but recent studies suggest that other exposure pathways, including
inhalation and dermal absorption, may have significance for human exposure.7,8,9,10 Some PFAS
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bioaccumulate, leading to concentrations in animals that are significantly higher than the
surrounding environment, and they can enter the human food chain.11
Evidence suggests that human exposures to PFAS are extremely widespread. The Centers for
Disease Control and Prevention’s (CDC) National Center for Health Statistics’ 2011–2012 U.S.
National Health and Nutrition Examination Survey (NHANES) reported detectable PFAS blood
serum concentrations in virtually all individuals (97 percent).12 The most recent NHANES data
indicate a reduction in serum concentrations of PFOS and PFOA since their removal from
consumer products in the early 2000s, but replacement PFAS appear to be rising quickly and
exposure is more difficult to assess accurately due to a lack of analytical standards.
Health Effects Research
Our understanding of the health effects associated with PFAS and our ability to draw conclusions
regarding the contribution of any specific PFAS to human disease is based on combined data
from multiple studies investigating epidemiologic associations in human cohort studies,
biological plausibility and pathways in animal studies, mechanistic effects seen in human tissues
and cell culture systems, and rapid high-throughput screening. It is important to note that
epidemiologic association studies cannot definitively find causation, and while animal studies are
an important marker of scientific discovery, they are not perfect predictors of human effect.
However, by combining and carefully considering data from independent studies, we can begin
to build an understanding of how PFAS chemicals impact human health.
When looking for possible human health effects of chemical compounds distributed in nature, it
is also important to recognize that environmental impact is very hard to study and there are
thousands of individual PFAS chemicals. While we have studies that indicate adverse health
effects due to PFOA and PFOS exposure, we do not have strong data on which to base
conclusions for the great majority of thousands of PFAS and we have only limited findings that
support the following adverse health effects. Our current scientific method involves using our
understanding of the biological and chemical processes being influenced by the few well-studied
chemicals to extrapolate potential conclusions about structurally similar compounds which we
can reasonably expect to act through the same pathways and have similar effects. More research
is needed to form definitive links between exposure to PFAS chemicals and adverse health
effects in humans.
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Decreased Immune System Function
As early as 1978, scientists observed immunotoxicity in non-human primates exposed to PFAS.13
In 2016, NTP concluded that PFOA and PFOS are presumed to be a hazard to healthy immune
system function in humans, based on a systematic literature review.14 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.15
NTP is in its earliest stages of conducting another systematic review on PFAS immunotoxicity;
this one will focus on six related chemicals: PFDA, PFNA, PFHxA, PFBA, PFBS and PFHxS.
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.16 According to the
Toxicological Profile, “Occupational and community exposure studies have found increases in
the risk of testicular and kidney cancer associated with PFOA. No consistent epidemiologic
evidence for other cancer types were found for PFOA.17,18 For PFOS, one occupational exposure
study reported an increase in bladder cancer,19 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.20 Another casecontrol study did not find increases in prostate cancer for PFOA, PFOS, PFHxS, PFNA, PFDeA,
or PFUA.21 However, among men with a first-degree relative with prostate cancer, associations
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were found for PFOA, PFOS, PFHxS, PFDeA, and PFUA, but not for PFNA.”22 Animal studies
are consistent with the human epidemiologic studies of cancer endpoints.

Child Development
PFOA and PFOS cause developmental toxicity in animals.23,24,25 Human epidemiology studies
also show associations between some PFAS and developmental effects.26 One human study
found that PFAS exposure during pregnancy was associated with decreased birth weight and
head circumference only in males.27 Similar decreases in birth weight have been reported in
rodents for over a decade.28 Recent findings from NIH-supported epidemiological studies of a
cohort of mothers and babies showed that prenatal exposure to PFOS is associated with cognitive
effects and decreased ability to regulate behavior in school-age children. However, no similar
association was observed in this study for PFOA exposure.29
A review of the epidemiological literature by an NIEHS-funded scientist summarized findings
from several prospective cohorts on the relationship between prenatal exposure to certain PFAS
and neurodevelopmental and neurobehavioral outcomes – for example, cognitive abilities,
psychomotor development, attention-deficit hyperactivity disorder, and cerebral palsy. So far,
the available body of evidence is inconsistent with respect to these associations, both with
respect to which compounds may have adverse effects and timing of potential windows of
vulnerability. Additional studies are needed to resolve these questions.30
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
22
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development. Studies suggest that early-life exposure to some PFAS may contribute to the
development of metabolic diseases, including obesity and type 2 diabetes, which are major
public health problems. 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.31 A study of pregnant women in Cincinnati found that those with higher
prenatal PFAS levels had children with higher body fat levels at age eight32—a finding
reinforced by other epidemiological studies33,34 and similar effects on excessive body weight
gain reported for experimental animals.35 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.36 Effects on
weight gain have been seen in numerous animal studies,37,38,39 supporting this association in
humans. It is particularly concerning that some PFAS alter thyroid hormone homeostasis that
regulates metabolism and growth.40,41,42
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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 the potential for effects on female fecundability (i.e., the probability of
conception).43 In addition, several recent studies have shown an association between women
with higher PFAS exposure and the length of time they are able to nurse their child after birth,
although not at all levels of exposure.44,45 This is similar to 2006 findings in animals reporting
impaired breast development and breastfeeding during and after pregnancy in mice.46
NIEHS Superfund Research Program (SRP)
Last year, NIEHS competitively awarded a five-year grant to the University of Rhode Island to
fund its “Sources, Transport, Exposure and Effects of PFASs (STEEP) Superfund Research
Program Center” (Fiscal Years 2017-2022).47 The Center is assessing the impact of PFAS
exposures on immune dysfunction and metabolic abnormalities by examining the health of nine
year-old children from birth cohorts in the Faroe Islands (Denmark). The Center is also tracing
unique PFAS chemical signature fingerprints at a contaminated groundwater site on Cape Cod,
leading to exposure through drinking water, as a function of PFAS chemistry, geochemistry and
distance from the source. Additionally, the Center is developing and validating novel passive
sampling tools for PFAS to measure time weighted average concentrations for some PFAS and
their volatile precursors. These tools can be deployed to aid site managers in their risk
characterization. Finally, the Center is engaging communities and advising stakeholders on ways
to effectively reduce human exposure to PFAS. Other NIEHS Superfund Research Program
Centers are providing technical assistance about PFAS to state and local governments, water
authorities, and private well users. The University of Michigan and Brown University Superfund
Research Centers have sponsored or participated at workshops and webinars on the subject
attended by Federal and state officials—including many facilitated by the Northeast Waste
Management Officials’ Association. The Northeastern University Superfund Center held a
workshop on PFAS which was widely attended by community organizations as well as state and
local officials and academics.
Through Small Business Innovation Research (SBIR) grants, the Superfund Research Program
provides support to scientists and engineers developing novel technologies for mitigation and
remediation of PFAS in the environment. SBIR grantee CycloPure, Inc., is developing novel,
high-affinity cyclodextrin polymers for the cost-effective remediation of hazardous PFAS from
43
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water.48 In another SBIR project, EnChem Engineering, Inc. is developing and demonstrating an
innovative combined in-situ / ex-situ technology to cost-effectively expedite treatment of PFAS
at Superfund sites. The EnChem approach combines: (1) a non-toxic cyclic sugar (CS) to flush
sorbed PFAS from the in-situ soil; (2) extraction of the CS-PFAS complex with groundwater and
treatment in a high efficiency ex-situ reactor that simultaneously degrades, removes, and
concentrates (100-1000 times) the PFAS; (3) ultimate on-site destruction by alkaline ozonation
(99+ percent removal); and (4) returns the treated water with low concentration CS amendment
to injection wells for continued flushing. The ex-situ treatment reactor can also be used as
pre-treatment to existing granular activated carbon.49 Additionally, the Michigan State
University Superfund Research Center is developing energy efficient nanoreactors capable of
breaking the carbon-fluorine bond.50 Also of note, the University of California, Berkeley
Superfund Research Center is combining biological and chemical treatment options to degrade
and destroy AFFF.51
Recent Time-Sensitive Research Awards
In addition to its regular funding programs, NIEHS has used a mechanism to fund time-sensitive
research opportunities related to PFAS. Researchers at the Colorado School of Public Health,
the University of Colorado Anschutz Medical Campus, and the Colorado School of Mines are
studying PFAS exposures in residents near Colorado Springs whose wells and public water
systems were contaminated with a wide range of PFAS, including high levels of perfluorohexane
sulfonate (PFHxS).52,53 This time-sensitive study started near the peak of exposure after
contamination was discovered and will explore ways to measure how exposure levels to PFAS in
the residents change over time.
In 2016, elevated levels of GenX, a short-chain PFAS containing an ether link generated in the
production of non-stick coatings, were detected in North Carolina’s Cape Fear River. The Cape
Fear River provides drinking water for approximately 300,000 people and a production facility
had been releasing GenX upstream. NIEHS funded a study at North Carolina State University to
address community questions about GenX exposure and health effects, including GenX’s
48
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potential toxicity, how it is stored in the body, and how long it remains in the environment.54,55
Initial results from nearly 200 homes show detectable levels of GenX in treated tap water from
the Cape Fear River but none above 140 parts per trillion, the current North Carolina public
health goal for GenX in drinking water. 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. Additional analysis, including testing of blood
and urine samples from study participants, is ongoing. NTP is also studying how GenX moves
through the body and whether it is toxic to the placenta, immune system, liver, and other tissues.
NTP REACT Program
The NTP Responsive Evaluation and Assessment of Chemical Toxicity, or REACT, Program is
studying subclasses of PFAS, due to potential similarities in chemical properties and toxicity
within subclasses. Scientists will be able to compare one PFAS to another, determine the
relationship between chain length, branching, and toxicity, and work toward understanding a
common basis for toxicity.
REACT uses a combination of methods. First, the 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 are prioritized for further 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 conducted through 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).56 The in vitro data are then
examined to prioritize select chemicals for toxicity testing in animals, known as in vivo studies,
so the data can be considered all together. REACT is a collaborative program with EPA. The
Program plans to test over 100 individual PFAS across the PFAS class. Both NTP and EPA are
generating chemical libraries to consolidate and share what is known about individual chemicals.
Current Challenges
Real-world human exposures to PFAS involve complex mixtures, not individual chemicals. This
fact complicates both the science of exposure and the assessment of health risks.57 Currently,
analytical techniques are limited for determining which specific PFAS are contained in a given
54
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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—namely analyzing serum—are not
as effective for shorter chain PFAS as for longer chain PFAS. Scientists are beginning to
measure PFAS in urine,58 in plasma, and in whole blood, as well as in serum.59 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 best way to
protect public health. Based upon their persistent nature, widespread exposure, and known
toxicity, it begs the question: does the value of PFAS production and use for modern-day
convenience outweigh the potential costs and risks to public and environmental health? Thus,
science is moving in the direction of safer alternatives.
Manufacturers have begun recently to produce and market AFFF devoid of any PFAS. Such
fluorine-free AFFF is now being used at Heathrow Airport in London, United Kingdom and at
major airports in Sweden. It will be important to evaluate these alternatives for potential health
effects as well.
Federal Collaboration
NIEHS and the NTP will continue to provide scientific leadership with respect to PFAS research.
Communication and collaboration both within the Department of Health and Human Services,
and across the Federal Government, about PFAS is intensifying. In February 2018, a Federal
information exchange meeting about PFAS was held on the NIH campus in Bethesda,
Maryland.60 NIEHS was among other Federal agencies that participated at the PFAS National
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Leadership Summit hosted by EPA in May 2018.61 Within the Department of Health and Human
Services and primarily through NTP, NIEHS works closely with the FDA and the Centers for
Disease Control and Prevention (CDC) on PFAS matters. Additionally, NIEHS is specifically
being consulted by ATSDR on the execution of the exposure assessments and health studies
authorized by the National Defense Authorization Act for Fiscal Year 2018, as amended.62
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.
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