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Background
Per- and polyfluoroalkyl substances 
(PFAS) are a family of chemicals that 

have been manufactured and used across a 
variety of industries in the U.S. since the 1940s 
(Bulka et al., 2021). There are over 5,000 
chemicals in the PFAS family. Three of the most 
commonly detected PFAS include perfluorooc-
tane sulfonate (PFOS), perfluorooctanoate 
acid (PFOA), and perfluorohexane sulfonate 
(PFHxS). These chemicals are persistent in the 
environment and may remain in the human 
body for years (Rogers et al., 2021).

PFAS-contaminated drinking water is wide-
spread in the U.S. with an estimated 18–80 
million people potentially exposed to PFOA 
in their tap water (Andrews & Naidenko, 
2020). Industrial facilities that manufacture or 
use PFAS have contaminated drinking water 
in many of the communities surrounding 
their facilities, including facilities in Alabama, 
Minnesota, New Hampshire, New Jersey, New 
York, Ohio, Vermont, and West Virginia (Kray 

& Wightman, 2018). Additionally, Hu et al. 
(2016) reported that 66 water supplies that 
serve over 6 million people across the U.S. had 
at least one sample at or above the U.S. Envi-
ronmental Protection Agency’s lifetime health 
advisory for PFOA and PFOS of 70 ppt. The 
U.S. National Health and Nutrition Examina-
tion Survey reported that PFAS were detected 
in the blood of >98% of U.S. general popula-
tion (Calafat et al., 2019).

Since the 1960s, military and civilian 
facilities in the U.S. have used aqueous film-
forming foam (AFFF) that contains PFAS to 
extinguish fires (Baduel et al., 2017). The 
foams and the chemicals they contain are 
released directly into the environment (Glüge 
et al., 2020). At some facilities, use of AFFF 
resulted in the migration of PFAS through the 
soil (Brusseau et al., 2020) and into drinking 
water sources for the surrounding communi-
ties (Stoiber et al., 2020).

Many epidemiological studies have exam-
ined the potential of PFAS to induce adverse 

health effects (Bell et al., 2021; Brase et al., 
2021; Chohan et al., 2020; Fenton et al., 
2021). Although most of the studies do 
not establish causality, the body of scien-
tific evidence linking PFAS exposures with 
adverse health effects is rapidly growing. In 
2020, the Agency for Toxic Substances and 
Disease Registry (ATSDR) released a health 
consultation at Pease International Trade-
port in Portsmouth, New Hampshire. The 
health consultation found that drinking 
water from the Pease International Trade-
port public water system between January 
1993 through May 2014 might have led to 
an increased risk of harmful health effects 
among workers at the Tradeport and chil-
dren attending on-site childcare centers 
(Agency for Toxic Substances and Disease 
Registry [ATSDR], 2020a).

Other epidemiological studies have found 
associations between PFAS and elevated 
cholesterol levels, reproductive effects 
(Anderko & Pennea, 2020), and decreased 
birth weight (Eick et al., 2020). PFAS has 
also been associated with increased uric acid 
levels, some cancer risks, and decreased 
immune response (ATSDR, 2020b). A 
study conducted by the National Toxicol-
ogy Program found that PFOA and PFOS 
moderately suppressed antibody responses 
in humans and concluded that these chemi-
cals alter immune functions in humans 
(National Toxicology Program, 2021).

Study Overview
On September 23, 2019, the Centers for 
Disease Control and Prevention (CDC) and 
ATSDR announced the recipients of a coop-
erative agreement titled the Multi-Site Study 
(MSS) of the Health Implications of Expo-
sure to PFAS-Contaminated Drinking Water. 
(Table 1, Figure 1). ATSDR’s ongoing study 
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of PFAS exposure at the Pease International 
Tradeport in Portsmouth, New Hampshire, is 
serving as the first site in the MSS. The MSS is 
a cross-sectional study that aims to evaluate 
the potential associations between measured 
and historically reconstructed serum levels of 
PFAS, including PFOA, PFOS, PFHxS, and 
selected health outcomes in a community.

Specifically, the MSS will examine potential 
associations in children and adults between 
serum PFAS and lipids, renal function, kid-
ney disease, thyroid hormones, thyroid dis-
ease, liver function, liver disease, glycemic 
parameters, and diabetes, as well as immune 
response and function. The MSS will also 
investigate differences in sex hormones, sex-
ual maturation, vaccine response, and neu-
robehavioral outcomes in children as related 
to PFAS. In adults, additional outcomes 
of interest include cardiovascular disease, 
osteoarthritis, osteoporosis, endometriosis, 
and autoimmune diseases.

These health outcomes were selected based 
on epidemiological and scientific studies 
including: 1) endpoints that have been evalu-
ated in previous PFAS research and need 
additional follow up, 2) endpoints observed 
to be elevated in studies of other chemicals 
with similar in vitro and in vivo activity, and 
3) findings from other PFAS toxicological and 
epidemiological studies. The proposed sam-
ple sizes for the MSS have sufficient power to 

detect mean differences in the ranges of those 
observed in other well-designed epidemio-
logic studies and allow for the calculation of 
odds ratios.

The MSS sites have a wide range of PFAS 
exposure levels. This range will allow for the 
potential evaluation of exposure–response 
trends, including exposure effects at low lev-
els. ATSDR also took into consideration geo-
graphic coverage when reviewing MSS appli-
cations. Participant recruitment will begin in 
summer/fall 2021 with a target sample size of 
2,100 children and 7,000 adults across all sites.

Participant eligibility criteria includes 
exposure to PFAS within the last 15 years, 
which is due to considerations based upon 
the estimated half-lives in the body of 
PFOA, PFOS, and PFHxS, and to ensure 
that exposures to the contaminated drink-
ing water are relatively recent. Adults must 
be at least 18 years old at the start of the 
study and have resided in areas with docu-
mented past or present PFAS drinking water 
concentrations. People who were ever 
employed as a firefighter, participated in 
fire training exercises using AFFF foam, or 
those employed at industrial facilities that 
used PFAS chemicals in the manufacturing 
process are not eligible to participate in the 
study. Children must be between 4 and 17 
years old, have resided in areas with docu-
mented past or present PFAS drinking water 

concentrations, or were exposed in utero 
or through breastfeeding when the mother 
consumed the contaminated drinking water. 
Similar to adult participants, children will 
be excluded if their birth individuals were 
ever employed as a firefighter, ever partici-
pated in fire training exercises using AFFF 
foam, or were ever employed at industrial 
facilities that used PFAS chemicals in the 
manufacturing process. Firefighter and 
other occupational exposures likely involve 
more exposure routes than ingestion and are 
higher than those associated with drinking 
water exposures. For this reason, occupa-
tionally exposed individuals are excluded 
from the MSS.

Study investigators will collect blood 
samples from participants to measure serum 
PFAS levels and several biomarkers of bio-
logical effects. The study will also collect 
urine samples from participants to measure 
kidney function biomarkers and to archive 
for potential future analysis of PFAS. Serum 
samples will be archived to conduct analyses 
of additional PFAS and specific effect bio-
markers, as feasible.

Adult participants and a parent or guard-
ian of participating minor children will 
complete a questionnaire that includes 
their residential, medical, and occupational 
history, in addition to their water consump-
tion habits. With consent from study par-
ticipants, the MSS will access medical and 
school records as necessary to confirm 
adverse health outcomes reported in the 
questionnaire. To facilitate access to these 
medical and school records, study site 
investigators will reach out to local medi-
cal societies, the public school system, and 
private schools to enlist cooperation with 
the study. The investigators will also work 
closely with local and state agencies (e.g., 
public school systems and local and state 
health departments), local community 
organizations, and local media to conduct 
outreach about the study to encourage par-
ticipation and community engagement with 
all local stakeholders.

Study Accomplishments
In preparation for individual MSS sites 
launching their studies, pharmacokinetic 
modeling and historical reconstruction work 
groups were established. The pharmacoki-
netic modeling work group will coordinate 
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the technical evaluation, quality assurance,
and quality control for all pharmacokinetic
and physiologically-based pharmacokinetic
models used for historical serum reconstruc-
tion. Similarly, the historical reconstruction
work group will coordinate technical evalu-
ation, quality assurance, and quality control
for all methods and models in the historical
reconstruction of groundwater and drinking
water contamination.

Several study outreach efforts have been
established to kick off the MSS. The study
sites have developed community engage-
ment plans, recruitment flyers, websites, and
study logos. Study outreach efforts are ongo-
ing and vary by site. For example, one site
has designed strategies to connect with seg-
ments of potentially difficult-to-reach popu-
lations including veterans, older adults, and
people who identify as Hispanic or Latino.
To monitor public awareness of the MSS on
social media, ATSDR created a standard MSS
hashtag, #PFASmss, that is currently being
tracked on Instagram and Twitter.

The MSS will provide serum PFAS levels
and the results of the clinical tests and effect

biomarker tests to each study participant.
Consultation and technical assistance (e.g.,
workshops and training programs) to clini-
cians in each community will be provided by
cooperative agreement partners and ATSDR.
The clinician outreach is part of commu-
nity engagement efforts to provide answers
to questions about the potential effects of
elevated PFAS levels on health, to assist with
the interpretation of results, and to make
recommendations for additional tests and/or
treatments. ATSDR will provide summaries of
the study findings to the participating com-
munities and will assist in interpreting these
results. As epidemiological research on the
health effects of drinking water exposure to
PFAS, other than PFOA, is at an early stage,
the MSS will make an important contribu-
tion to the scientific literature by expanding
knowledge in this area and helping to address
concerns about past exposure.
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