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Notice of Intent to Sue

lL.adies and Gentlemen:

Millions of people across the country have been exposed to highly fluorinated
chemicals (per- and polyfluoralkyl substances, including PFOA and PFOS) collectively
referred to as “PFAS,” in their drinking water supplies. EPA acknowledged the risks
posed by the entire family of PFAS in its “Long-Chain Perfluorinated Chemicals (PFCs)
Action Plan,” which was released over seven years ago, but has never been fully
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implemented. (See Ex. A (excerpts).) EPA has, however, recently confirmed that at
least one PFAS — PFOA — poses sufficient “potential adverse effects for the
environment and human health based on its toxicity, mobility, and bioaccumulation
potential” to support investigating and addressing its presence in drinking water under
the federal Superfund law, codified in the Comprehensive Environmental Response and
Liability Act of 1980, as amended, 42 U.S.C. § 9601 et seq. (‘CERCLA"). (See e.g., Ex.
B (excerpts) at 9.) Through the authority granted to ATSDR under that same Superfund
law, ATSDR has classified PFAS as a class of chemicals that meet the definition of
“toxic substance” within the scope of ATSDR’s purview.! Consequently, ATSDR has
developed a draft toxicological profile for PFAS, issued various statements and
guidance to impacted individuals and physicians dealing with certain PFAS exposures,
and even agreed to partner with a handful of state or local entities investigating specific
instances of specific types of PFAS drinking water contamination in specific
communities. (See e.g., Ex. C.) To date, however, ATSDR has not embarked on any
coordinated, comprehensive nationwide study or investigation of the impacts on human
health from the presence of the entire class of PFAS in drinking water, or associated
testing of all such impacted individuals. We write to request that ATSDR move forward
immediately with such a national study and testing.

As explained below, ATSDR has the clear power and authority to mandate a
national study of PFAS health impacts and associated testing, has access to
mechanisms to secure funding from responsible parties, and has a proven model to
follow to implement such a study/testing. Based on our past decade of experience
designing and overseeing a project to assess human health impacts from one such
PFAS — PFOA — we stand ready to assist ATSDR in overseeing the design and
implementation of a nationwide study and testing focusing on the entire class of PFAS
chemicals through a program that could encompass and involve all affected parties,
including PFAS manufacturers, PFAS users, impacted water supplies, impacted
residents, and affected governmental entities/contractors and regulators, in a way that
provides everyone with independent, credible scientific answers and certainty.

. ATSDR Has The Authority To Require A National PFAS Health Study
and Testing And Ability To Secure Full Funding For Such Work.

Under Section 104 of CERCLA, ATSDR shall “provide medical care and testing
to exposed individuals, including but not limited to tissue sampling, chromosomal testing
where appropriate, epidemiological studies, or any other assistance appropriate under
the circumstances” in situations involving “public health emergencies caused or
believed to be caused by exposure to toxic substances.” (42 U.S.C. § 9604(i)(1)(D).)
This is a non-discretionary mandate. Thus, under this provision of CERCLA, ATSDR
(which, as noted above, already has classified PFAS as a “toxic substance”) is not only

! See also 42 U.S.C. § 9604(i)(18).
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authorized to conduct epidemiological studies and testing in circumstances where there
have been excessive PFAS exposures, but is required to do so.

EPA repeatedly has indicated that situations involving excessive levels of PFAS
in drinking water qualify as public health emergencies mandating immediate alternate
water supplies. For example, as early as 2002, EPA entered a consent order in which it
found that levels of a PFAS (PFOA) exceeding the non-regulatory threshold used by
EPA at that time presented a sulfficient threat of “imminent and substantial
endangerment” to warrant the provision “[a]s soon as practicable” of alternative drinking
water to those exposed. (See Ex. D (excerpts).) EPA entered similar orders noting the
threat of such “imminent and substantial endangerment” from excessive PFAS levels in
drinking water, mandating immediate alternate drinking water supplies, after EPA
adopted its first provisional health advisory guidelines for short-term exposures to two
different PFAS materials (PFOA and PFOS) in 2009. (See e.g., Ex. E (excerpts).) EPA
reaffirmed this position as recently as January 2017 when it modified one of those same
consent orders to require immediate clean water if levels of PFAS exceeded EPA’s new
long-term health advisory level of no more than 0.07 ppb for individual or combined
levels of PFOA and PFOS. (See Ex. F.) EPA noted that these new, lower PFAS
drinking water guidelines were based on EPA’s review of “the best available peer-
reviewed studies” indicating that exposure to these PFAS “may result in adverse health
effects, including developmental effects to fetuses during pregnancy or to breastfed
infants (e.g., low birth weight, accelerated puberty, skeletal variations), cancer (e.g.,
testicular, kidney) , liver effects (e.g., tissue damage), immune effects (e.g., antibody
production and immunity), thyroid effects and other effects (e.g., cholesterol changes).”
(Ex. G.)

ATSDR’s actions to date confirm its recognition that studying PFAS
contamination issues falls squarely within its broad authority. As recently as May 23 of
this year, ATSDR released the results of its own assessment of whether an
epidemiological study by the Agency of those exposed to PFAS contamination in their
drinking water would be feasible. (Ex. H (excerpts).) ATSDR confirmed in the context
of evaluating the feasibility of studying adverse health effects among the adults,
children, and military personnel exposed to multiple PFAS compounds in drinking water
at the Pease International Tradeport that undertaking such a study could generate
important “scientific knowledge about the health effects of PFAS exposures, in
particular, PFOS and PFHxS exposures,” if the study could be designed to encompass
a sulfficiently large population of impacted people. (/d. at 2.) In order to properly and
thoroughly study certain types of less common diseases (including cancer) associated
with these PFAS exposures, ATSDR acknowledged that there would need to be far
more than the couple hundred or even couple thousand anticipated study participants at
that one site, which might be feasible if multiple sites were incorporated into the study.
(Id. at 43.) ATSDR even listed over 100 sites identified to date across the country
where PFOS and/or PFHXS have been confirmed to be present in drinking water at
levels above EPA’s reporting limit for the chemicals under EPA’s Unregulated
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Contaminant Monitoring Rule 3 (‘UCMR-3"), which could provide the needed, larger
pool of study participants. (/d. at Table A.1.)

Il. A Proven Model Exists For Developing A National PFAS Health
Study.

Settlement of a prior class action lawsuit in which we represented the plaintiff
class resulted in the creation of an independent scientific panel that studied the effects
of PFOA-contaminated drinking water among a class of approximately 70,000 people
whose drinking water supplies in West Virginia and Ohio had been contaminated with
quantifiable levels of the chemical (0.05 ppb at the time) attributable to releases from
the Washington Works manufacturing plant then-owned by E. I. du Pont de Nemours &
Company (“DuPont”). Through an innovative settlement with DuPont in that case
(known as the “Leach Case”), we were able to secure sufficient funds to pay for: 1)
blood testing of approximately 69,000 people through a “C8 Health Project”; 2) creation
of a new “C8 Science Panel” of independent, world-class epidemiologists charged with
confirming which diseases were linked to PFOA exposure among the class being
studied; 3) the design and implementation by the C8 Science Panel of approximately a
dozen extensive epidemiological studies and retrospective exposure modeling work,
including class-wide studies of the exposed population; 4) provisions for immediate and
long-term clean water/water filtration; and 5) medical monitoring/testing for all class
members for each disease linked to their PFOA exposure. (See
http://www.c8sciencepanel.org and http://C-8MedicalMonitoringProgram.com.) Through
that settlement, we also were able to secure a binding agreement up front on how the
results of the independent scientific work would be used in connection with future injury
and compensation claims among the Leach Case class members, including the extent
to which the independent scientific work would conclusively resolve issues of general
causation as between the PFAS chemical at issue and the class member exposures.
The settlement also included an agreement that all active litigation among the parties
would be stayed and future filings barred (yet with all claims preserved and statutes of
limitations tolled), pending the final outcome of the agreed scientific process.

The work of the C8 Science Panel (and the related C8 Health Project) under this
prior class settlement involved only one PFAS compound (PFOA) and only one
responsible party (DuPont). There is no reason, however, why this same model cannot
be expanded to the current situation facing communities across the United States
involving one or more (or a combination of) the other PFAS compounds in their drinking
water, potentially attributable to the actions of multiple responsible parties. In fact,
expanding the model to include multiple responsible parties and regulators provides the
opportunity for creating a much bigger pool of funds and the opportunity to spread costs
among a much bigger and more diverse group. Likewise, addressing the issue within
the context of a national class provides the opportunity for the responsible parties to
fashion common, global remedies that allow for uniform, consistent relief and treatment
of impacted parties and greater financial, scientific, and regulatory certainty.
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ATSDR already has acknowledged the significance and utility of the C8 Science
Panel/C8 Health Project model and work for addressing health issues related to PFAS
exposures. As noted by ATSDR in its May 23, 2017, draft feasibility assessment for
studies at the Pease International Tradeport, the C8 Science Panel's/C8 Health
Project’s work, which focused on human impacts from PFOA contamination in drinking
water, allows ATSDR to focus future PFAS studies on the effects from exposure to
other PFAS compounds, such as PFOS and PFHxS, and the synergistic/combined
effects of multiple PFAS compounds (including PFOA) being present in drinking water
at the same time. (See Ex. H at 3.) In short, the C8 Science Panel and C8 Health
Project work allows ATSDR to start from what is already known and addressed by the
C8 Science Panel and C8 Health Project with respect to the adverse effects of PFOA,
and direct its resources toward studying the effects of having one or more (or
combination) of the other PFAS materials in drinking water.

lll. Nowls The Time To Act.

It is imperative that ATSDR take action now to respond to this ongoing, imminent
and substantial threat to the health of millions of Americans across this country. Every
day, another community somewhere in the United States wakes up to news that one or
more (or some combination) of an ever-expanding class of PFAS compounds (some
being identified for the first time as even existing) are poisoning the drinking water that
they and their families rely upon. Every day another community is being told not to
drink its water or to immediately get on bottled water because the concentration of
PFAS exceeds current EPA guidelines or other health benchmarks. Residents, water
suppliers, local, state and national elected officials, governmental entities, NGOs,
business leaders, scientists — all are demanding credible, scientific answers to exactly
what this mix of PFAS compounds in the water will do to people over time— especially
those who have had long term exposures over many years or may be in sensitive
subpopulations, such as infants, the elderly, or the infirm. Recently, the leaders of the
health departments in five states — New York, Michigan, Pennsylvania, New Hampshire,
Vermont, and Alaska — all signed a joint letter specifically asking ATSDR to undertake a
national PFAS health study. (Ex. I.) In the meantime, an ever-growing number of
lawsuits are being filed by a variety of lawyers asserting a myriad of different claims and
theories against multiple parties under varying state laws and standards.

ATSDR is uniquely endowed with the legal authority and ability to fashion a
response that addresses this problem in a comprehensive, coordinated, national basis
among all necessary parties. ATSDR also has the rare ability and power to require
those deemed responsible for such PFAS contamination of the country’s drinking water
supplies, including any military or other governmental entities, to gay for and/or fund
such work. (See e.g., 42 U.S.C. §§ 9604(i)(5)(D), 9607(a)(4)(D).?) Given ATSDR's own
recognition of the feasibility, importance, and need to study the effects of muitiple PFAS

2 See also 42 U.S.C §§ 9604(i)(17), 9620.
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exposures in drinking water and its statutory authority and authorization to do so,
ATSDR’s continuing failure to do so provides a basis for a national class of all those
negatively impacted by unstudied PFAS contamination of their drinking water supplies
to bring a citizens’ suit against ATSDR to force such action in the United States District
Court for the District of Columbia, sixty days after ATSDR receives written notice of its
failure to comply with this statutory mandate. (See id. § 9659.)

This letter serves as such a notice to ATSDR on behalf of our client, Dr. Arlo Paul
Brooks, Jr., 92 Bella Vista Drive, Vienna, West Virginia 26105 (304-481-2946), as a
representative of a national class of all persons whose primary source of residential
drinking water for at least one year or more has been found to contain one or more
PFAS chemicals at a concentration above the Method Reporting Limit (MRL) for such
PFAS chemical(s) established by EPA for purposes of UCMR-3, excluding any such
water supply where the only PFAS found above such MRL is PFOA or is a water supply
falling within the scope of the Leach Case settlement. ATSDR has identified in Table
A1 to Exhibit H attached hereto over 100 such water supplies across the country
meeting this definition, including the municipal water supply for Vienna, West Virginia,
which Dr. Brooks has used as his primary source of residential drinking water for many
years. (See Ex. H Table A1.)

Dr. Brooks was one of the founding partners of Brookmar — the entity that
designed, managed, and implemented the highly successful C8 Health Project. Dr.
Brooks stands ready to share his unparalleled experience with ATSDR to help the
Agency move forward with the type of national PFAS study that is now required. We
remain hopeful that this matter can be resolved within the next sixty days without the
need for pursuing any citizens’ suit. We are available to meet with you to discuss and
fashion a Consent Order or other document that will allow the matter to be addressed
and resolved in a coordinated, uniform manner among all impacted parties, using the
prior C8 Science Panel/C8 Health Project and related settlement model.

(ﬁﬁn rely,
\
\ ) A
Robert A. Bilott
RAB:

Encls. (Exs. A-l)
Cc: Dr. A. Paul Brooks, Jr. (w/encls.)
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Long-Chain Perfluorinated Chemicals (PFCs)
Action Plan

I. Overview

Long-chain perfluorinated chemicals (PFCs)' are found world-wide in the environmept,
wildlife, and humans. They are bioaccumulative in wildlife and humans, and are persistent injthe
environment. To date, significant adverse effects have not been found in the general human
population; however, significant adverse effects have been identified in laboratory animals and
wildlife. Given the long half-life of these chemicals in humans (years), it can reasonably be
anticipated that continued exposure could increase body burdens to levels that would result ir
adverse outcomes.

Since 2000, the Agency has taken various actions to help minimize the potential impagt
of PFCs on human health and the environment, including the publication of three Significant
New Use Rules on perfluoroalkyl sulfonate (PFAS) chemicals and the review of substitutes for
long-chain PFCs as part of its review process for new chemicals under EPA's New Chemicals
Program. Although such actions are important steps to reducing exposure to these chemicals,
EPA continues to be concerned with long-chain PFCs. Consequently, EPA intends to propose
actions in 2012 under the Toxic Substances Control Act (TSCA) to address the potential risks
from long-chain PFCs.

EPA intends to consider initiating TSCA section 6 rulemaking for managing long-chajjn
PFCs. If EPA can make certain findings with respect to these chemicals (further analysis of the
information will be performed as part of TSCA section 6 rulemaking), TSCA section 6 provides
authority for EPA to ban or restrict the manufacture (including import), processing, and use
these chemicals. A rule addressing the PFAS sub-category could expand beyond the reach of the
SNURs that the Agency has promulgated over the past decade. For example, the rule could
address PFAS-containing articles. A rule addressing the perfluoroalkyl carboxylate (PFAC) spib-
category could expand the reach of the 2010/15 PFOA Stewardship Program beyond the eigh
participating companies and further address the concerns for potential PFAC exposure throug
the use of PFAC-containing articles. EPA will develop more detailed assessments to support the
TSCA section 6(a) "presents or will present an unreasonable risk" findings. If these more
detailed assessments indicate that a different approach to risk management is appropriate, EPA
will consider additional approaches.

=

Long-chain PFCs are a concern for children’s health. Studies in laboratory animals haye
demonstrated developmental toxicity, including neonatal mortality. Children’s exposures are
greater than adults due to increased intakes of food, water, and air per pound of body weight, hs
well as child-specific exposure pathways such as breast milk consumption, mouthing and

ingestion of non-food items, and increased contact with the floor. Biomonitoring studies have

found PFCs in cord blood and breast milk, and have reported that children have higher levels pf

! The terms long-chain PFCs, long-chain perflucroalkyl sulfonate (PFAS), and long-chain perfluoroalkyl
carboxylate (PFAC) chemicals in this document refer only to chemicals described in the chemical identity sectiop,
including certain polymers that contain perfluorinated moieties. They do not include other PFCs, particularly thase
having shorter chain lengths,
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some PFCs compared to adults. Thus, given the pervasive exposure to PFCs, the persistence of

PFCs in the environment, and studies finding deleterious health effects, EPA will examine the
potential risks to fetuses and children.

1L Intrgducﬁon

As part of EPA's efforts to enhance the existing chemicals program under the Toxic
Substances Control Act (TSCA)?, the Agency identified an initial list of widely recognized

chemicals, including PFCs, for action plan development based on their presence in human blogd;

persistent, bioaccumulative, and toxic (PBT)® characteristics; use in consumer products;

production volume; and other similar factors. This Action Plan is based on EPA’s initial review
of readily available use, exposure, and hazard information® on PFCs. EPA considered which of
the various authorities provided under TSCA and other statutes might be appropriate to address

potential concerns with PFCs in developing the Action Plan. The Action Plan is intended to
describe the courses of action the Agency plans to pursue in the near term to address its
concerns. The Action Plan does not constitute a final Agency determination or other final
Agency action. Regulatory proceedings indicated by the Action Plan will include appropriate
opportunities for public and stakeholder input, including through notice and comment
rulemaking processes.

IIL Scope of Review

Continuing contributions of PFAS/PFAC to the environmental/human reservoir are bes
addressed using a category approach.

The PFAS/PFAC precursors may be polymers that are coated on a specific substrate, T
action is considering only the contribution of precursors as a source of PFAS/PFAC, and not tl]
inherent toxic effects of the polymer or exposure to dust that contains fluorinated polymers.
Long-Chain Perfluoroalkyl Sulfonate (PFAS) Sub-Category

The PFAS sub-category includes perfluorohexane sulfonic acid (PFHxS)®,

perfluorooctane sulfonic acid (PFOS) %, and other higher homologues. The category also includes

the acid salts and precursors.

215 U.8.C. §2601 et seq.
? Information on PBT chemicals can be found on the EPA website at http://www.epa.cov/pbt/,

Inventory (TRI) reporting; data submitted to the HPV Challenge Program; existing hazard and risk assessments
performed by domestic and international authorities including but not limited to U.S. Federal government agenci
the Organization for Economic Cooperation and Development, the Stockholm Convention on Persistent Organic
Pollutants, Health and Environment Canada, the European Union; and others, Action plans will reference specific
sources used.

% CF3-(CF,)s-SO;H; CAS RN: [355-46-4].
¢ CF;-(CF,);-S0;H; CAS RN; [1763-23-1].

4 Information sources customarily employed include Inventory Update Reporting (TUR) submissions; Toxic RelT

L

his
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Long-Chain PFAS Sub-Calegory

PFHxS PFOS Higher Homologues Salls Precursors

The similarities of the chemicals within the PFAS sub-category can be established whe
reviewing representative structures of the different category member compounds:

a. CF3(CF;);-S03"M where M = H" or any other group where a formal dissociation can be madg;
and

b. CF3(CF2)s-S(=0)y-X where y =0 —2 and X is any chemical moiety.
where n> 4,
Long-Chain Perfluoroalkyl Carboxylate (PFAC) Sub-Category

The PFAC sub-category includes perfluorooctanoic acid (PFOA) 7 and other higher
homologues. The category also includes the acid salts and precursors.

Long-Chain PFAC Sub-Category

|
| | : | : I

PFOA Higher Homologues Salls Precursors

These similarities within the PEAC sub-category can be established by reviewing
representative structures of the different category member compounds:

a. CF3(CF;),;-=COO™™ where M = H" or any other group where a formal dissociation can be
made; '

b. CF3(CF),~-CH=CHy;
¢. CF3(CF3)p-C(=0)-X where X is any chemical moiety;
d. CF3(CF2)m-CHz-X where X is any chemical moiety; and

e. CF3(CF2)m-Y-X where Y = non-S, non-N hetero atom and where X is any chemical moiety.

7 CF3+(CF,)s-COOH; CAS RN: [335-67-1].

=]
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wheren> 5 orm > 6.

IV. Uses and Substitutes Summary

Production Volume
PFAS Chemicals

Commercial production of PFAS chemicals began over half a century ago. Total
production from 1970 to 2002 was estimated to be about 100,000 tons (Paul A.G., 2009). By
2003, PFOS chemicals were no longer manufactured by 3M, the principal U.S. producer.
However, production of PFOS-related chemicals is still ongoing in other countries, though to a
much smaller extent than before 2003 (POPRC, 2007). As PFOS-based products became more
strictly regulated in developed countries, production shifted to other countries. For example,
manufacturers in China began large scale production in 2003 at the advent of 3M’s 2002 globa
PFOS phase-out. China had an annual production in 2004 of less than 50 tons, but has increasef]
production dramatically in recent years, with an estimated production of more than 200 tons in
2006. Approximately 100 tons of that amount is designated for export (POPs, 2008).

PFAC Chemicals

World-wide production of fluorotelomers was estimated at 20 million pounds in 2006,
The United States accounts for more than 50 percent of world-wide fluorotelomer production.
Textiles and apparel account for approximately 50 percent of the volume, with carpet and carpilt
care products accounting for the next largest share in consumer product uses. Coatings, including
those for paper products, are the third largest category of consumer product uses.

Fluorotelomer release sources, and consequent exposure to fluorotelomers, can be
explained through the examination of the life cycle of this category of chemicals:

Manufacture of Monomers =» Manufacture of Polymers =» Processing and Use =» Product Life

The manufacture of non-polymeric chemicals (surfactants, wetting agents, cleansers, ete.)
is included in the manufacture of monomers, Some residual monomeérs are present in the various
raw materials and final products of the different steps of manufacturing. Because each
intermediate contains the same Rg moiety, the polymers also contain this moiety. The 2010/15
PFOA Stewardship Program encourages the elimination of PFAC precursors in product content.
Companies reporting under PFOA Stewardship Program differentiate between the amounts of
PFAC precursors present in the final polymer product as residuals and the amount present in th
polymer as Ry moities. The availability of PFAC precursor from the content of residuals in
fluorotelomer based polymer products (FTBP) would be small in comparison to the amount
released should polymeric materials biodegrade in the environment. Potentially all monomeric,
not just the small amounts of residual monomers and other monomer raw material and
intermediates released at each of the four steps in the sequence above, could be PFAC
precursors.

i




U.S. Environmental Protection Agency : 12/30/2009

Uses

PFCs are substances with special properties that have thousands of important
manufacturing and industrial applications. They impart valuable properties, including fire
resistance and oil, stain, grease, and water repellency. For example, they are used to provide non-
stick surfaces on cookware and waterproof, breathable membranes for clothing, and are used in
many industry segments, including the aerospace, automotive, building/construction, chemical
processing, electronics, semiconductors, and textile industries.

PFAS Chemicals

PFAS are synthetic chemicals that do not occur naturally in the environment, Long-chajin

PFAS chemicals, as defined in this action plan, are no longer manufactured in United States.

However, there is a limited set of existing uses for which alternatives are not yet available, and

which are characterized by low volume, low exposure potential, and low releases.

The existing SNUR regulations on PFAS chemicals do not affect the continued use of
existing stocks of the listed chemicals that had been manufactured or imported into the United

States prior to the effective date of the SNURs, Existing products and formulations already in the

United States containing these chemicals — for example, PFOS-based fire fighting foams

produced before the rules took effect in 2002 — can also still be used without providing noticejo
S

the Agency. Because the PFAS SNURs exempt articles, PFOS may be imported or processed
part of an article without the Agency receiving prior notice.

PFAC Chemicals

PFAC are synthetic chemicals that do not occur naturally in the environment. PFOA is
manufactured for use primarily as an aqueous dispersion agent [as the ammonium salt] in the

manufacture of fluoropolymers, which are substances with special properties that have thousands

of important manufacturing and industrial applications.

PFOA also be produced unintentionally by the degradation of some fluorotelomers,

which are not manufactured using PFOA but could degrade to PFOA. Fluorotelomers are usedfto

make polymers that impart soil, stain, grease, and water resistance to coated articles. Some

fluorotelomer based products are also used as high performance surfactants in products where jn

even flow is essential, such as paints, coatings, cleaning products, and fire-fighting foams for
on liquid fuel fires, Fluorotelomer-based products can be applied to articles both at the factory
and by consumers and commercial applicators in after-market uses such as carpet treatments and

water repellent sprays for apparel and footwear.

S

Fluoropolymers, such as polytetrafluoroethylene (PTFE), which may contain some PFAC

contamination, or that use PFOA as an emulsion stabilizer in aqueous dispersions, have a large

U.S. market, The wire and cable industry is one of the largest segments of the fluoropolymer

market, accounting for more than 35 percent of total U.S. fluoropolymer use. Apparel makes up

‘about 10 percent of total fluoropolymer use, based on total reported production volume.-
Fluoropolymers are used in a wide variety of mechanical and industrial components, such as
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plastic gears, gaskets and sealants, pipes and tubing, O-rings, and many other products. Total
U.S. demand for fluoropolymers in 2004 was between 50,000 and 100,000 metric tons, The

between 25 and 50 percent of the world consumption of other fluoropolymers. PTFE is the mo
commonly used fluoropolymer, and the United States consumed less than 50,000 metric tons
PTFE in 2008.

United States accounted for less than 25 percent of the world consumption of PTFE in 2007, a}d

Substitutes

EPA is reviewing substitutes for PFOS, PFOA, and other long-chain PFCs under ;the Ne
Chemicals Program, EPA established the program under section 5 of TSCA to help manage the

potential risk from chemicals new to the marketplace.

EPA's review of alternatives to long-chain PFCs has been ongoing since 2000 and is
consistent with the approaches to alternatives encouraged under the PFOA Stewardship Progr
Through 2009, EPA has received and reviewed over 100 perfluorinated alternatives of various
types. EPA reviews the new substances against the range of toxicity, fate, and bioaccumulatio
issues that have caused past concerns with perfluorinated substances, as well as any issues tha
may be raised by new chemistries (EPA, 2009b).

V. Hazard Identification Summary

The information used by EPA for this Action Plan includes the Organisation for
Economic Co-operation and Development’s (OECD) assessments of PFOS (OECD, 2002) and
PFOA (OECD, 2006), EPA’s Office of Pollution Prevention and Toxics’ (OPPT) draft risk
assessment of PFOA (EPA, 2009d), Environment Canada’s assessment (Canada, 2006), the
assessment of PFOS by the Stockholm Convention on Persistent Organic Pollutants (POPs,
2009), and other sources. The summary of the toxicity information is based on these previous
assessments, and where appropriate, additional' information on short- and long-chain Iengths is
provided.

World-Wide Distribution of PFAS and PFAC
Presence in Humans

PFAS and PFAC have been detected in human blood samples throughout the world.
Blood samples have been collected in countries world-wide including the United States, Japan
Canada, Peru, Colombia, Brazil, Italy, Poland, Germany, Belgium, Sweden, India, Malaysia,
Korea, China, and Australia. In addition, PFAS and PFAC have been detected in breast milk,
liver, umbilical cord blood, and seminal plasma. In most cases, the analytes most often detecte
in human matrices, and usually in the highest concentrations, were PFOS, PFOA, and PFHxS.
Other PFAS and PFAC detected in human tissue include perfluorooctane sulfonamide (PFOS4
2-(N-methyl-perfluorooctane sulfonamido) acetic acid (Me-PFOSA-AcOH), 2-(N-
ethylperfluorooctane sulfonamido) acetic acid (Et-PFOSA-AcOH or PFOSAA),
perfluoroheptanoic acid (PFHpA), perfluorononanoate (PFNA), perfluorodecanoic acid (PFDe
or PFDA), perfluoroundecanoic acid (PFUA), perfluorododecanoic acid (PFDoA),

L

M.

)
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perfluoropentanoic acid (PFPeA), perfluorohexanoic acid (PFHxA), and perfluorobutane
sulfonate (PFBS).

National Health and Nutrition Examination Survey (NHANES) data show that mean
levels of PFOS, PFOA and PFHxS in the general U.S. population older than 12 years declined
between the sampling period of 1999-2000 and 2003-2004 (Calafat, 2007). In addition, 3M
reported a decline of the same chemicals from 2000 to 2006 in a group of 600 adult American

Red Cross (ARC) blood donors (G. W. Olsen, Mari DC, Church TR, Ellefson ME, Reagen WK.

Boyd TM, Herron RM, Medhdizadehkashi Z, Nobiletti JB, Rios JA, Butenhoff JL, Zobel LR
2008). The biggest drop reported in both surveys was in PFOS (~30% in NHANES and ~60%
the ARC study). Both reported ~25% decline in PFOA. NHANES reported a 10% decrease in
PFHxS while the ARC study reported a 30% drop. Conversely, PFNA increased by
approximately 50% over 4 years in NHANES and by 100% over 6 years in the ARC study. 3M
also reported a 100% increase in PFDeA, while the increase in NHANES was 60%. 3M reports
an 80% increase in PFUA.

It appears that most of PFAS and PFAC do not vary much across adolescents

participating in NHANES; however, pooled data from 2001-2002 indicate that most of the levels

of perfluorinated compounds are higher in children ages 3-11 years compared to adults
(individual samples 2001-2002), especially for PFHxS (Kato, 2009). More recent data on
children are not available.

It is clear that there are individuals who have been exposed to perfluorinated compounc
at levels much higher than the majority of the population. Recent data indicate that individuals
living near a U.S, facility that uses PFOA may have much higher PFOA serum concentrations
than those currently reported for the general population (Calafat, 2007; Emmett, 2006).

Presence in the Environment and Wildlife

Water
Log Koy values for PFOA, PFOS and other commercially available ammonium salts

from 0.10 to > 500,000 (Hekster, 2003; Kissa, 2001). Long-chain PFAC have been measured i
surface waters of remote areas such as the north shore of Lake Superior, the Hudson Bay regio
of Northeastern Canada, tributaries of the Pearl River in Guangzhou, China and the Yangtze
River. Ice surface samples in the Canadian Arctic (Northwest Territories and Nunavut) had
levels of that ranged from 5-246 pg/L for C9-C11 compounds. :

range from -0.52 to > 6.8 (De Silva, 2008; Tomlin, 2005) and have water solubilities that rangE

Multiple studies have reported a global distribution of PFAC and PFAS that have been
reported in wildlife tissue and blood samples. PFAS have also been found in a variety of aquat
organisms. Most recently, four perfluorinated analytes (PFOS and PFAS: C10, C11, and C12)
were found in fillets from bluegill in selected rivers in Minnesota and North Carolina (Delinsk;
2009). In general, the highest concentrations in wildlife have been found in the livers of fish-
eating animals close to industrialized areas.
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Soil and Sediment

PFOA and PFOS are considered to be resistant to degradation in soil. Levels of C9-Cl1]1
PFAC have been found in remote Arctic region sediment ranging from 0.68 pg/kg—2.58 pgrk
PFAC are known to increase over time in sediment as observed in a 22-year study (1980-2002]
of the Niagara River discharge. Sediment dwelling invertebrates such as amphipods, zebra
mussels, and crayfish have also been found to have PFOA concentrations ranging from 2,5 - 90
ng/g ww in the Raisin, St. Clair, and Calumet Rivers (MI)(Kannan, 2005). At the 3M Decatur,
AL site, PFOA concentrations in Asiatic clams ranged from 0.51 ng/g to 1.01 ng/g. Mussels an
oysters in Tokyo Bay were found to contain PFOA concentrations 0.660 ng/g ww and worms
from the Ariake Sea in western Japan had concentrations of PFOA of 82 ng/g ww.

U
.

[==

PFAS and PFAC are Persistent, Bioaccumulative, and Toxic

Persistence and Bioaccumulation in Humans and Laboratory Animals

Animal studies of the straight-chain PFAS and PFAC have shown that these compounds
are well absorbed orally, but poorly eliminated; they are not metabolized, and they undergo
extensive uptake from enterohepatic circulation, Studies of PFOS and PFOA have shown that
these compounds are distributed mainly to the serum, kidney, and liver, with liver concentrations
being several times higher than serum concentrations; the distribution is mainly extracellular,
Both compounds have a high affinity for binding to B-lipoproteins, albumin, and liver fatty acid-
binding protein. Studies have reported PFOS, PFOA, and several other PFAS and PFAC in
umbilical cord blood indicating these chemicals cross the placenta.

The elimination half-lives of several PFAS and PFAC are summarized in Table 1. In
general, the rate of elimination decreases with increasing chain length, although the half-life oi
PFHXxS (C6) is longer than the half-life of PFOS (C8) in humans. There is a tremendous speci
difference in elimination, and elimination is greatly reduced in humans. Thus, the half-life of
PFOS is 7 days in rats, 150 days in monkeys, and 5.4 years in humans, There is a gender
difference in the elimination of PFOA and other PFAC in laboratory animals. Studies of PFOA
in rats have shown that the gender difference is developmentally regulated, and the adult patte
is achieved by sexual maturation, The reason for the species and gender differences in
elimination are not well understood. These differences are hormonally controlled, and may also
be due to the actions of organic anion transporters. A gender difference has not been found in
humans, although uncertainty exists due to the small sample size.

Table 1. Comparative Rates of Elimination*

Serum PFHxS | PFOS PFOA PFNA PFDA
Halflife | (C6) (C8) (C8) (C9) (C10)
Rat 7 days 2-4 howrs | 2 days 59 days
6-7 days 31 days 40 days
Mouse 16 days 41 days
22 days 64 days
Monkey 87 days | 150 days | 30 days
141 days 21 days
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Human 8.5 years | 5.4 years | 2.3-3.8
years

*Red — females; blue - males

Regardless of chain length, it is critical to note that the half-lives of these compounds a

'S

measured in hours to days to months in rats, mice and monkeys, but years in humans. This means

that these compounds will persist and bioaccumulate in humans, and comparatively low
exposures can result in large body burdens. The gender and species differences in elimination

also indicate that comparisons of toxicological effects must utilize some measure of body burdgn

rather than administered dose.

Persistence and Bioaccumulation in the Environment

PFOS and longer chain PFAC (> CB) bioaccumulate and persist in protein-rich
compartments of fish, birds, and marine mammals such as carcass, blood, and liver (Conder,
2008). Studies have found fish bioconcentration factor (BCF) values for C8 to C14 PFAC

ranging from 4 — 40,000 in rainbow trout (Martin, 2003). Fish BCF values for C8-C11 PFAS are

relatively lower (4-4900). There are two BCF study results for long chain PFAC with BCF
values from 4,7000 to 4,800 for perfluorohexadecanic acid (C16) in carp and BCF values from
320 to 430 for perfluorooctadecanoic acid (C18) in carp (Martin, 2003). Available evidence
shows the likely potential for bioaccumulation or biomagnifications in marine or terrestrial
species. This is due to conformational changes into a helical structure in the molecule resulting
a smaller cross-sectional diameter as chain length increases which can lead to the ability to

n

accumulate in organisms (NITE, 2002a, 2002b). Additional evidence that C14 and C15 PFAC
bioaccumulate and are bioavailable is their presence in fish, invertebrates, and polar bears, Th
bioaccumulation of PFOS and PFAC (C8 through C14) in air-breathing animals (e.g., birds an
mammals) is thought to represent biomagnification due to high gastrointestinal uptake and slo

respiratory elimination (B. Kelly, MG Ikonomou, JD Blair, B Surridge, F Hoover, R Grace, APC

Gobas 2009; B. C. Kelly, Ikonomou MG, Blair JD, Morin AE, Gobas APC, 2007). In addition

Conder et al. state that the bioaccumulation and bioconcentration potential of PFAC are directly
LC

related to the length of the perfluorinated chain, and PFAS are more bioaccumulative than PFA
of the same chain length (Conder, 2008).

Within the PFAC and PFAS categories, the perfluorinated carboxylic and sulfonic acids

(R¢from CS5 to C20) are persistent chemicals that are resistant to degradation under
environmental conditions. Even the reaction of PFAS/PFAC precursors with hydroxy! radicals
the atmosphere are considered to be so slow that long range transport is considered a viable
exposure pathway (Hurley, 2004; G. W. Olsen, DC Mari, WK Reagen, ME Ellefson, DJ
Ehresman, JL Butenhoff, LR Zobel, 2007).

Toxicity in Humans

Until recently, epidemiological and medical surveillance studies have been conducted
primarily in the United States on workers occupationally exposed to POSF-based
fluorochemicals. These studies specifically examined PFOS or PFOA exposures and possible
adverse outcomes. One occupational study of exposures to a PFNA surfactant blend was

n
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undertaken, The studies on PFOS and PFOA include mortality and cancer incidence studies, a
study examining potential endocrine effects, an ““episodes-of-care’’ study evaluating worker

insurance claims data, and worker surveillance studies examining associations between primarjly
PFOS and/or PFOA serum concentrations and hematology, hormonal and clinical chemistry
parameters. The PFNA study examined liver enzymes and blood lipid levels. In general, no
consistent association between serum fluorochemical levels and adverse health effects has been
observed.

Toxicity in Laboratory Animals
PFOA

The toxicity of PFOA has been extensively studied. Repeated-dose studies in rats have
shown reduced body weight, hepatotoxicity, reduced cholesterol, and a steep dose-response
curve for mortality. Due to gender differences in elimination, adult male rats exhibit effects at
lower administered doses than adult female rats. Thus, dietary exposure for 90 days resulted in|
significant increases in liver weight and hepatocellular hypertrophy in female rats at 1000 ppm|
(76.5 mg/kg-day) and in male rats at doses as low as 100 ppm (5 mg/kg-day). Studies in
nonhuman primates have shown similar effects at doses as low as 3 mg/kg-day, although the
reduction in cholesterol has not been observed.

The carcinogenic potential of PFOA has been investigated in two dietary carcinogenici
studies in Sprague-Dawley rats, and has been shown to induce hepatocellular adenomas, Leydig
cell tumors, and pancreatic acinar tumors. It has not been shown to be mutagenic in a variety of
assays. There is sufficient evidence to indicate that PFOA is a PPARa-agonist and that the live
carcinogenicity (and toxicity) of PFOA is mediated by PPAR« in the liver in rats, There is no
evidence that the liver toxicity in nonhuman primates is due to PPARa-agonism. There is
controversy over the relevance of this particular mode of action for humans. The mode of action
for the Leydig cell tumors and pancreatic acinar tumors has not been established, and therefore,
these are assumed to be relevant for humans.

Several studies have shown that PFOA is immunotoxic in mice. PFOA causes thymic
and splenic atrophy, and has been shown to be immunosuppressive in both in vivo and ex vivo
systems. Studies using transgenic mice showed that the PPARo was involved i in causing the
adverse effects to the immune system.

Standard prenatal developmental toxicity studies in rats and rabbits in which pregnant
animals are exposed only during gestation and sacrificed prior to the birth of the pups have not
shown many effects. Thus, there was no evidence of developmental toxicity after exposure to
doses as high as 150 mg/kg-day in an oral prenatal developmental toxicity study in rats. In a ra
inhalation prenatal developmental toxicity study, the NOAEL and LOAEL for developmental
toxicity were 10 and 25 mg/m3, rcspectxvoly In a rabbit oral prenatal developmental toxicity
study there was a significant increase in skeletal variations after exposure to 5 mgfkg—day, and
the NOAEL was 1.5 mg/kg-day.

However, the potential developmental toxicity of PFOA is evident when the pups are
evaluated during the postnatal period. Thus, a two-generation reproductive toxicity study in rats

10
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showed a reduction in F1 pup mean body weight during lactation at 30 mg/kg-day group and

during the post-weaning period at 10 mg/kg-day. In addition, there was a significant increase i
mortality mainly during the first few days after weaning, and a significant delay in the timing g
sexual maturation for F1 male and female pups at 30 mg/kg-day.

Due to the rapid elimination of PFOA in female rats, many researchers have examined
the developmental toxicity of PFOA in mice. These studies have shown a pattern of
developmental effects similar to those observed with PFOS. Full liter resorptions were noted a
40 mg/kg-day and the percent of live fetuses and fetal body weight were reduced at 20 mg/kg-
day. The most notable effect of prenatal exposure to PFOA was the severe compromise of
postnatal survival at doses as low as 5 mg/kg-day, and the postnatal growth impairment and
developmental delays noted among the survivors; the BMDs and BMDLs for neonatal survival
were estimated at 2,84 and 1.09 mg/kg-day, respectively. Additional studies in mice have show

that PFOA exposure causes a significant reduction in mammary gland differentiation in 1.’ne dams

and stunted mammary gland development in the female pups.

Several studies have examined the mode of action for the developmental effects. Thesek

have shown that exposure to a dose of 20 mg/kg-day for 2 days late in gestation is sufficient to
cause the neonatal mortality in mice. Studies with PPARo. knockout mice have shown that the
PPARu. is required for the neonatal mortality and expression of one copy of this gene is
sufficient. This is in contrast to the studies showing that PPARw is not involved in the neonatal
mortality associated with PFOS exposure. Although there is controversy over the human
relevance of the PPARa-agonist hepatotoxicity observed in rodents, the role of PPARa in
development and particularly in the PFOA-induced neonatal mortality observed in mice is
unknown; therefore this mode of action is assumed to be relevant for humans,

Other PFAC Chemicals

Although there is an extensive database for PFOA, few studies have examined the
toxicity of the shorter or longer chained PFAC. However, the data suggest that the toxicity
profile is quite similar to that of PFOA, albeit at different dose levels presumably due to the
differences in elimination half-life.

Although standard repeated-dose toxicity studies have not been conducted on the PFAC

with chain lengths greater than PFOA, many studies have been conducted examining the

_potential for hepatomegaly and peroxisome proliferation (a marker for the activation of PPARq).

Kudo et. al, found that PFOA, PFNA, and PFDA induced the activity of peroxisomal B-
oxidation in male rats (2000). Kudo et al. showed that all PFAC with six- to nine-carbon lengtt
chains induced hepatomegaly and peroxisomal B-oxidase activity in mice, and the potency was
in the order of PFNA > PFOA > perfluoroheptanoic acid (2006). Permadi et al. also showed th
PFDA induces hepatomegaly and hepatic peroxisomal palmitoyl-CoA oxidase (1993). Thus,
. these studies indicate that the PFAC with a carbon chain length of eight and greater activate

PPARGa. The differences in potency probably reflect the differences in the half-life of the varying

chain lengths. Despite the lack of traditional toxicity studies, it is reasonable to conclude that
these compounds would likely produce similar effects as those observed with PFOA.
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With respect to the potential developmental effects of PEAC with carbon chain lengths
greater than C8, EPA is completing a developmental toxicity study of PFNA in mice (C. Lau,
personal communication, 2009), Maternal body weight gain was reduced at 3 mg/kg-day, and

day, and significant lags in neonatal growth were observed at 3 mg/kg-day. Thus, this study

shows a pattern of effects very similar to those observed with PFOA. It is likely that PFAC wi
carbon chain lengths greater than nine would also result in similar effects, and that the potencyj
would be dependent on the half-life of the compound.

severe toxicity was observed at 10 mg/kg-day. Neonatal survival was compromised at 5 mg/k?h

PFOS

The toxicity of PFOS has also been extensively studied and was summarized in OECD|
report (2002) and by Lau et al. (2006). Repeated-dose studies in rats and nonhuman primates |

have shown reduced body weight, hepatotoxicity, reduced cholesterol, and a steep dose-respon
curve for mortality. These effects occur in nonhuman primates at doses as low as 0.75 mg/kg-
day, and in rats at 2 mg/kg-day.

The carcinogenic potential of PFOS has been investigated in a dietary carcinogenicity
study in Sprague-Dawley rats, and has been shown to induce hepatocellular adenomas at 20 p
In addition, thyroid follicular cell adenomas were observed in male rats that had been allowed

“recover” for a year following treatment for one year; the reason for this is unclear. However, |

thyroid follicular tumors have also been observed in rats exposed to N-EtFOSE, a major

precursor of PFOS, PFOS has not been shown to be mutagenic in a variety of assays. A!thoughll

PFOS can activate PPAR0, the data are not sufficient to establish a PPARo-agonist mode of
action for the liver tumors.

A standard prenatal developmental toxicity study in rats has shown a significant decrease

in fetal body weight and significant increase in external and visceral anomalies, delayed
ossification, and skeletal variations; a NOAEL of 1 mg/kg-day and a LOAEL of 5 mg/kg-day
developmental toxicity were indicated. In rabbits, significant reductions in fetal body weight a
significant increases in delayed ossification were observed; a NOAEL of 1.0 mg/kg-day and a
LOAEL of 2.5 mg/kg-day for developmental toxicity were indicated.

A two-generation reproductive toxicity study in rats showed neonatal mortality. All F1

pups at the highest dose of 3.2 mg/kg-day died within a day after birth, while close to 30% of t
F1 pups at 1.6 mg/kg-day died within 4 days after birth. As a result of the pup mortality in the
two top dose groups, only the two lowest dose groups, 0.1 and 0.4 mg/kg-day, were continued

into the second generation. The NOAEL and LOAEL for the F2 pups were 0.1 mg/kg-day andw

0.4 mg/kg-day, respectively, based on reductions in pup body weight.
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The results of this study prompted additional research, Studies in which pregnant rats a
mice were dosed during gestation and the pups were followed postnatally provided a BMDs a
BMDL; for neonatal survival of 1.07 and 0.58 mg/kg-day in rats, respectively, and 7.02 and 3.,
mg/kg-day in mice, respectively. Studies have shown that the critical period of exposure is
during late gestation. Mode of action studies initially focused on the lung and found significa
histological and morphometric differences in the lungs of pups treated with PFOS. However,
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subsequent studies did not find any effect on lung phospholipids and rescuing agents failed to
mitigate the neonatal mortality. Thus, the mortality does not appear to be related to lung
immaturity, In contrast to PFOA, studies with PPAR« knockout mice have shown that the
PPARa is not involved in the neonatal mortality. Current research is focusing on the possibilit;
that the physical properties of PFOS may interfere with the normal function of pulmonary
surfactant, leading to neonatal mortality.

Other PFAS Chemicals

A combined reproductivé/developmental toxicity study of PFHxS has been conducted
rats. In the parental males there was a significant reduction in cholesterol at doses as low as 0.
mg/kg-day, and hepatotoxicity at doses as low as 3 mg/kg-day. There was no evidence of
developmental or reproductive toxicity at doses as high as 10 mg/kg-day.

Toxicity to Wildlife

Adverse effects on exposed populations of organisms have been observed with exposure
to perfluorinated compounds in the parts per million range. Studies have shown a reduction in|

hatchability of chickens when they were exposed in ovo to PFOS, and a reduction in survival i
14-day old Northern bobwhite quail from hens exposed to 10 ppm of PFOS in the diet. In

addition, a delay in growth and metamorphosis in the Northern leopard frog exposed to 3 mg/I}
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of PFOS has been reported, as well as reduced cumulative fecundity and fertility effects in

has been observed with exposure to C9-C11 PFAC. A significant induction of vitellogenin in

rainbow trout was observed in a dose-dependent manner at concentrations of C10 PFAC 0.02
2000 pg/g in the diet as well as a weak affinity demonstrated for the hepatic estrogen receptor
from C9-C12 PFAC.

fathead minnows exposed to 0.1 mg/L PFOS, Further evidence of potential reproductive cffeci

Mortality in sediment dwelling organisms such as the nematode, Caenorhabditis elegar

has been observed with concentrations of C9 up to 0.66 mM and subsequent effects in offsprin
generations were found at concentrations up to 1nM as evidence by a 70 % decline in fecundit;

V1. Fate Characterization Summary

The PFAS and PFAC acids are strong acids that exist in equilibrium between the neutral

form and the anionic form. Both the anionic and neutral forms of PFOA are soluble in water.
While the Henry’s law constant values suggests partitioning to air for the neutral, protonated

form, predicting the amount that partitions into air is complicated because there is uncertainty |

over the degree to which carboxylic and sulfonic acids partition from the water to atmosphere.
The uncertainty arises with regard to the value of the acid dissociation constant (i.e., pKy), or t]
fraction of the acid form present at environmentally relevant pH. PFAC and PFAS have been
detected in air, water, and soil samples collected throughout the world. The oceans have been
suggested as the final sink and route of transport for perfluorinated carboxylic and sulfonic aci
where they have been detected on the surface and at depths > 1,000 meters (Yamashita, 2005).

Some PFAS/PFAC have the potential for long-range transport. They are transported oV,

13

=]

e

ds,




U.S. Environmental Protection Agency 12/30/2009

long distances (i.e., long-range transport) by a combination of dissolved-phase ocean and gas-

phase atmospheric transport; however, determining which is the predominant transport pathway
is complicated by the uncertainty over water to atmosphere partitioning. Furthermore, there is |

evidence that transport and subsequent oxidation of volatile alcohol PFAS/PFAC precursors nay

contribute to the levels of PFAS / PFAC in the environment.

Studies by industry and academic researchers have shown that fluorotelomer alcohols
(FTOH) can be degraded by microorganisms and by abiotic processes. 8-2 FTOH and FTOH ¢

other chain lengths, and related chemicals in mixed microbial cultures, activated sludge and soi
systems have been shown to be easily degraded to form PFOA and related perfluorinated acids.

Some studies have also shown that —~CFa- groups can be mineralized, forming shorter chain

perfluoro acids. If FTOH are absorbed from ingestion, inhalation, dermal or ocular exposure of

formed in vivo by from other compounds they can be metabolized by mammals and other
organisms to form perfluorinated acids and other fluorinated compounds. FTOH can be degrac
by abiotic processes in water and air to produce PFAC and various intermediates, FTOH are
fairly volatile. Based on atmospheric half-lives determined in chamber studies, FTOH can be

transported global ly. Deposition or degradation in areas far from the source can result in PFAC
contamination in high latitudes and other remote locations and contribute to global background

levels of PFAC and PFAS.

Data submitted by industry and in the open literature show that perfluorooctane sulfon:l'

fluoride (POSF) and its derivatives can be degraded under environmental conditions to form

—
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perfluoroalkyl sulfonates and carboxylic acids. Reaction of POSF (CF3(CF2),-SO2F) with metlyl

or ethyl amines is used to produce N-ethyl or N-methyl perfluorooctane sulfonamidoethanols
(FOSE). Similar reactions are used to make shorter and longer chain analogs to POSF and POS
derivatives, FOSE compounds, (or CF3(CF2),-SO;N(R1)(R2), where R1 and R2 can be
hydrogen, methyl or longer alcohols or other organic chains), such as N-methyl and N-ethyl
FOSEs can be degraded though a series of intermediates to form both perfluoro carboxylic aci
and perfluoroalkyl sulfonates. Data on the degradation of individual intermediates has been us
to identify these pathways and has confirmed that these compounds can be degraded by a
number of microbial and abiotic mechanisms. Reaction with other chemical intermediates
produces other FOSA derivatives, including phosphate esters, fatty acids esters, silanes,

carboxylates, and polymers with acrylate, urethane and other linkages. Longer and shorter chaj

perfluoro sulfonyl derivatives have also been produced intentionally and as unintended reactio
products. Based on existing data from the open literature and CBI data, it is expected that that
most, if not all, of these POSF and other chain length sulfony! fluorides and their derivatives w
be degraded to carboxylic acids and/or sulfonate over time. Most of these compounds will hav
environmental and metabolism half-lives of weeks to months. Some will be degraded faster an
some will degrade more slowly, but all will eventually be degraded.

Very little data is available on the behavior of other perfluorochemicals in the
environment and in vivo but the existing data suggest that they will also be degraded to form
PFAC. For example, recent studies have shown that ingested mono and di polyfluoroalkyl
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phosphates (PAPs) can be degraded in rats to form PFOA and other PFAC in the body. They can

also be degraded by microbial processes in soil and wastewater to form perfluorinated acids
(D'eon, 2007).
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A limited number of studies on the degradation of fluorotelomer-based polymers have |
been submitted in support of PMN submissions and existing chemicals, and published in the
open literature. Based on studies, some fluorotelomer-based polymers are subject to hydrolysis,
photolysis and biodegradation to some extent. Studies have shown half-lives of a few days to
hundreds of years.

In addition, preliminary research on degradation of fluorotelomers has shown that som
urethanes and acrylates biodegrade; however, half-lives and kinetics of the fluorotelomers are
not yet well-defined. Ongoing research by EPA’s Office of Research and Development (ORD)
research is designed to generate high quality data that will help the Agency address some key |
uncertainties in pathways of exposure and potential risks from PFOA (Washington, 2009).

W

These studies have shown that the perfluorinated portion of some polymers is released jas
the polymer is degraded by microbial or abiotic processes to form telomer alcohols or other
intermediates and that they eventually form PFAC. Polymers based on POSF and other chain
length chemistries show similar degradation rates and release intermediates that further degrade
to form perfluorinated acids and sulfonates. Studies have shown that some polymers can undezgo
indirect photolysis in soil and in aquatic systems and be degraded with half-lives of days to :
several years.

VII. Exposure Characterization Summary

The pattern of PFAS and PFAC contamination varies with location and among species
which suggests multiple sources of emission and patterns of migration into environmental media
from the sources of emission. Major pathways that enable PFOA and PFOS to get into human/|
blood in small quantities are not yet fully understood. Manufacturing releases are known to haye
contaminated local drinking water supplies in the immediate vicinity of some industrial plants}
leading to localized elevated blood levels. The widespread presence of PFOA and PFOS
precursors in human blood samples nationwide suggests other pathways of exposure, possibly|
including long range air transport, and the release of PFOA and PFOS from treated articles,

Summary of Exposure to Consumers and Children from PFCs in Indoor Environments

PFCs in Articles of Commerce

EPA's ORD has conducted research on 116 articles of commerce documenting that PFCs
contained in articles of commerce have the potential to be released from those articles. Articles
tested and found to contain the highest levels of PEAC were carpet and carpet treatment
products, various types of apparel, home textiles, thread sealant tape, floor wax and other
sealants, and food contact paper and paper coatings. Carpet and-carpet treatment products
contained individual PFAC in levels from 0.04-14100 ng/g; food contact paper and paper
coatings: 0.05-160,000 ng/g; thread sealant tape and apparel: ND (non-detect)-3488 ng/g and
ND-4640ng/g respectively; floor wax and sealer: 0.03-3720 ng/g; and home textiles: ND-519
ng/g. Some of the more commonly found PFAC measured in these articles were PFHxXA,
PFHpA, PFNA, PFDA, PFUnDA, PFOA and PFOS. Inhalation levels of PFOA and total PFC
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measured in carpet were 5385 pg/em? and 32500 pg/em’ respectively (Guo, 2009).

Children are particularly susceptible to exposure from inhalation of PFC off-gassing from

carpet and carpet protectants during their earliest years when they are lying, crawling and

spending large amounts of time playing on the carpet. The significantly high levels of PFC found

by ORD in carpet and carpet protectants pose an exposure concern for children through this

pathway. Adults can also be exposed to PFCs in carpets through inhalation and dermal contactf

Consumers and children may also be exposed to PFCs in apparel, home textiles, thread sealant

tape, floor wax, contact paper and paper coatings. Some of these articles such as paper coatings

for foods cannot be ruled out for the ingestion exposure pathways for children and adults
depending upon how the PFCs in the paper contacts the food and subsequently humans.

PFCs in Indoor Air

Another source of PFCs to the indoor environment is dust containing not only PFAC and

PFAS but also fluorotelomer alcohols. Maximum indoor dust air measurements of 6:2 FTOH
were found at 804 ng/g in the house dust of eastern United States (Strynar, 2008). The PFAS
(ET-FOSA, Et-FOSE, MeFOSE) chemicals were measured at 646 ng/g, 75440 ng/g, and 8860
ng/g respectively in indoor air in Canada (Shoeib, 2005). PFOA was found at 3700 ng/g in
Japanese household vacuum cleaner dust (Moriwaki, 2003).

Summary of Exposure to the General Population

PFCs in Groundwater, Freshwater, Saltwater, and Rainwater

PFAC and PFAS have been found in many countries as well as in Unites States in

untreated groundwater, rivers, streams, bays, estuaries, oceans and rain water. Levels of PFAC i

groundwater near the 3M Cottage Grove, MN industrial site have been measured as high as
846,000 ng/l (PFOA) and in freshwater as high as 178,000 ng/l (PFBA) (Department of Health

and Human Services, 2005), PFOS has been found near Cottage Grove, MN in groundwater atf

levels of 371,000 ng/l and in freshwater at 18,200 ng/l. PFAC in rainwater has been measured
the United States between 0.1 and 1006 ng/l (PFHpA) (Scott BF, 2006).

Saltwater levels of PFOS have been measured in the Pacific Ocean at 57,700 ng/l and i

precipitation from snow and rain in China at 545 ng/l (Liu W, 2009; Yamashita, 2005). While |

the general population may not directly ingest these groundwater, freshwater and saltwater lev
as drinking water, the ground water and freshwater containing PFCs may discharge to surface
waters from which municipalities withdraw drinking water. The general population may also

n
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experience dermal, ingestion and inhalation exposures when coming into contact with freshwater

containing PFCs. Rainwater containing PFCs may contribute PFCs to vegetables and fruits in
home gardens, crops grown on commercial crop lands, drinking water reservoirs, and surface
waters from which drinking water is withdrawn.

PFCs in Freshwater and Saltwater Fish

Freshwater fish have been found to contain levels of PFAS and PFAC. The highest levels
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of PFAS measured in the United States to date were near the 3M Cottage Grove, MN site (Oliaei
F, 2006). Liver samples of bass, walleye and carp ranged from 130-6350 ng/g PFOS wet weight.
Blood samples of these same fish ranged from PFOS levels of 136-29600 ng/ml in serum. Total
PFCs for the blood of freshwater fish in the same area was measured at 32248 ng/ml serum. The
highest levels of PFAC for freshwater fish were found near the 3M Cottage Grove, MN site and
were measured for blood samples of bass, walleye, and carp in the range of 2.53-210 ng/ml

serum. For comparison, saltwater fish in Danish seas had measured levels of PFOS up to 156
ng/g and saltwater fish in Charleston Harbor South Carolina were found with PFOS levels up fo
101 ng/g (Bossi R, 2005; Houde M, 2006).

VIII. Risk Management Considerations

Current Risk Management Summary
PFAS Chemicals

Following the voluntary 3M phase-out of PFAS chemicals in the United States in 2002,
EPA. issued SNURs to control the reintroduction of these chemicals into the U.S. market. Fina
rules were published on March 11, 2002 (EPA, 2002b) and December 9, 2002 (EPA, 2002a),
limit any future manufacture or importation of 88 PFAS chemicals specifically included in that
phase-out. On October 9, 2007, EPA published another SNUR on 183 additional PFAS
chemicals (EPA, 2007). Those actions were necessary because data showed that certain alkyl
chain lengths of the PFAS chemicals are toxic to human health, bioaccumulate, and are persistent
in the environment. PFAS chemicals are no longer manufactured in United States. However a
limited set of existing uses was excluded from the SNURs because alternatives were not yet
available,

. I
=]

Similar to the PFAS SNURs in United States, PFOS has also been restricted in the
European Union, Canada, Australia and other countries, and has been nominated for inclusion |in
the Stockholm Convention and the Convention on Long-Range Transboundary Air Pollution
(LRTAP) Persistent Organic Pollutants (POPs) protocol. At the fourth Conference of the Parties
(COP) to the Stockholm Convention on POPs, held in May 2009, delegates agreed to add PF?E
its salts, and perfluorooctane sulfonyl fluoride (PFOSF) to Annex B, subjecting it to restrictio
on production and use. Parties agreed that while the ultimate goal is the elimination of PFOS,
production of the chemical may continue for limited purposes, including coatings for
semiconductors, firefighting foam, photo imaging, aviation hydraulic fluids, metal plating, and
certain medical devices. Countries must notify the Convention Secretariat whether they intend to
continue production for acceptable purposes. Countries can also ask for specific exemptions
allowing the production of PFOS for use in the production of chemical substances used in goods
such as carpets, leather and apparel, textiles, paper and packaging, coatings, and rubber and
plastics (POPs, 2009).

PFAC Chemicals

OPPT’s core strategy for working towards the elimination of PFAC chemicals has beer
through the PFOA Stewardship Program. Under the program, eight major companies operating
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in the United States committed to reduce global facility emissions and product content of PFAC
chemicals by 95 percent by 2010, and to work toward eliminating emissions and product content
by 2015 (EPA, 2009a). Companies provide annual progress reports, and most companies have
reported significant progress in meeting program goals.

On March 7, 2006, EPA published a proposal to amend the polymer exemption rule to
exclude polymers containing certain perfluoroalkyl moieties from eligibility for the exemption/
(EPA, 2006). Under this proposal, polymers containing these perfluoroalkyl moieties would need
to go through the pre-manufacture notification (PMN) review process so that EPA can better i
evaluate these polymers for potential effects on human health and the environment. This change
to the current regulation is necessary because, based on current information, EPA can no longér
conclude that these polymers “will not present an unreasonable risk of injury to health or the
environment” under the terms of the polymer exemption rule, which is the determination
necessary fo support an exemption under section 5(h)(4) of TSCA. This amendment to the
polymer exemption rule is a necessary complement to the PFOA Stewardship Program and wi
give EPA the necessary tools to review and control risk of PFC-based and related polymers,
including those PFAS and PFAC containing polymers.

—_—

In January 2009, EPA’s Office of Water (OW) developed Provisional Health Advisory|
(PHA) values for PFOA and PFOS to mitigate potential risk from exposure to these chemicals
through drinking water (EPA, 2009c). Due to limited information on the toxicity of PFCs othe:
than PFOA and PFOS, no attempt was made by OW at that time to develop PHA values for th
other PFCs. OPPT and OW are working together to determine whether revised health advisory
values are needed for PFOA and PFOS.

L 3

oW

In October 2009, EPA’s Office of Solid Waste and Emergency Response (OSWER) used
OW?’s PHAs to derive sub-chronic R{D values for PROA and PFOS, These values may be used
in the Superfund program's risk-based equations to derive Removal Action Levels and/or
Screening Levels for water and other media, as appropriate.

EPA has taken the leadership role in raising the profile of PFCs at an international leve]
stemming from Agency concerns about the role of long range transport in the environmental
distribution of PFCs, and U.S, importation of products containing these chemicals (UNEP,
2009b). As a result of these activities, in May 2009, during the International Conference on
Chemicals Management (ICCM2), delegates to the Strategic Approach to International
Chemicals Management (SAICM) agreed to consider the development of stewardship progran
and regulatory approaches to reduce emissions and content of PFAC and PFAS chemicals in
products and to work towards their elimination, where feasible (UNEP, 2009a).

t

emaining Issues and Concerns
. PFAS Chemicals
PFAS chemicals are no longer manufactured in the United States but continue to be

manufactured outside of the United States. Although the PFAS SNURs are an important step
toward controlling any future manufacture or import of PFAS chemicals, these chemicals may
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continue to be imported into United States in articles, such as carpets, leather and apparel,
textiles, paper and packaging, coatings, and rubber and plastics.

Possible scenarios of concern:

o Direct releases to the environment from U.S. facilities as a result of few existing uses.

o Direct releases to the environment from non-U.S. facilities, resulting in transboundary
environmental transport to United States.

o Articles containing PFAS chemicals. Recent research by EPA’s ORD has shown that
consumer articles could release PFCs, significantly increasing the magnitude and duration, of
exposure to humans and the environment to these chemicals.

PFAC Chemicals

Although the 2010/15 PFOA Stewardship Program is expected to eliminate the
production of C8-based fluorotelomers by the eight participating companies by 2015, the
potential remains for continued environmental and human loading of PFAC in the United States.
This is in part because companies not participating in the PFOA Stewardship Program may
follow the market opportunity presented when the eight PFOA Stewardship Program companies
leave the PFAC market by 2015. This occurred with PFAS production in some Asian countrie$
after the 3M 2002 phase-out of PFAS chemicals in United States-(Wenya, 2008).

Possible scenarios of concern:

o Direct releases to the environment from U.S. facilities not participating in PFOA
Stewardship Program. .

o Direct releases to the environment from non-U.S. facilities not participating in PFOA
Stewardship Program, resulting in transboundary environmental transport to United States.

o Articles, including imports, containing PFAC chemicals. These articles could release PFAC
as a result of their residual content in fluorotelomer-based products and/or as the
fluorotelomers-based polymers in articles biodegrade.

IX. Next Steps

To date, significant adverse effects have not been found in general human population;
however, significant adverse effects have been identified in laboratory animals and wildlife.
Given the long half-life of these chemicals in humans (years), it can reasonably be anticipated
that continued exposure could increase body burdens to levels that would result in adverse
outcomes. Consequently, EPA intends to propose actions in 2012 under TSCA to address the
potential risks from long-chain PFCs.

EPA intends to consider initiating TSCA section 6 rulemaking for managing long-chaix
PFCs. If EPA can make certain findings with respect to these chemicals (further analysis of th
information will be performed as part of TSCA section 6 rulemaking), TSCA section 6 provides
authority for EPA to ban or restrict the manufacture (including import), processing, and use o:
these chemicals. A rule addressing the PFAS sub-category could expand beyond the reach of the
SNURs that the Agency has promulgated over the past decade. For example, the rule could |
address PFAS-containing articles. A rule addressing the PFAC sub-category could expand the
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* reach of the 2010/15 PFOA Stewardship Program beyond the eight participating companies and
further address the concerns for potential PFAC exposure through the use of PFAC-containing
articles. EPA will develop more detailed agsessments to support the TSCA section 6(a) "presents
or will present an unreasonable risk" findings. If these more detailed assessments indicate thatfa
different approach to risk management is appropriate, EPA will consider additional approaches.

EPA will continue with the 2010/15 PFOA Stewardship Program to work with companies
toward the elimination of long-chain PFCs from emissions and products. EPA will also continiie
to evaluate alternatives under EPA's New Chemicals Program and collaborate with other
countries on managing PFCs.

As part of the Agency’s efforts to address these chemicals, EPA also intends to evaluate
the potential for disproportionate impact on children and other sub-populations.
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Bilott, Robert A. :

From: US Environmental Protection Agency <noreply-subscriptions@epa.gov>

Sent: Monday, July 31, 2017 11:23 AM

To: Bilott, Robert A. i B

Subject: EPA Adds Saint-Gobain Performance Plastics Site in Hoosick Falls, N.Y. to the Federal |,
Superfund List .

L e e s L K B e erer e SO AELE R R AR L

EPA Adds Saint-Gobain Performance Plastics Site in Hoosick Falls, N.Y. to the Federal Sup: drfund List

Contacl: Elias Rodriguez, (212) 637-3664, rodriguez.elias@epa.gov

(New York, N.Y. = July 31, 2017) The U.S. Environmental Protection Agency has added the Saint-Gobain Perform
in the Village of Hooslick Falls, N.Y. to its Superfund National Priorities List (NPL) of the couniry's most hazardous .
Groundwater at the Saint-Gobain Performance Plastics facility, located at 14 McCaffrey Street, and in other locations in Hoosick Falls
is contaminated with Perfluorooctanoic Acid (PFOA) and Trichloroethylene (TCE). Adding the site to the federal Superfund list w’r
allow the EPA to work with New York State to ensure that the contamination is cleaned up and that people's health [s protected. !

*My goal as Administrator is to restore the Superfund program to its rightful place at the center of the agency's corgjmission. Today;
we are adding sites to the Superfund National Priorities List fo ensure they are cleaned up for the benefit of these communities,” said

EPA Administrator Scott Pruitt, "When we clean up these sites, we make communities healthier places to live and dlear the way for
development and increased economic activity." ’

The McCaffrey Street facility was built in 1961, and had been used to manufacture cireuit board laminates, polytetrafluoroethyle
(PTFE)-coated fiberglass and other PTFE products. In 1999, Saint-Gobain Performance Plastics purchased the fa ity and beg

stick pots and pans, stain-resistant carpets, and water-resistant outerwear. In 2006, the EPA reached a nationwidejagreement
eight manufacturers to phase out the production and use of PFOA. These manufacturers stopped using PFOA In
persistent in the environment and can pose adverse effects to human health and the environment, TCE is a volatilé organic
compound widely used as an industrial solvent. Exposure to TCE can have adverse health impacts, Including liverdamage and
increased risk of cancer.

After PFOA was discovered in the public drinking water supply, a carbon filtration system was installed on the Village of Hoosick Falls
water supply wells to treat the water and protect consumers. PFOA was also discovered in private wells, and spec|al systems célled
“point of entry treatment systems,” or POETS, have been installed on a number of private drinking water wells. The New York Sfate
Department of Environmental Conservation (NYSDEC) and Department of Health, with Input from the EPA, have dverseen medsures
to address the drinking water contamination, i

* InJanuary 2016, the NYSDEC added the Saint-Gabain site to New York State's Superfund list and requested thatithe EPA incl{ide
the site on EPA's federal Superfund list.

* In April and May 2016, the EPA installed monitoring wells to sample groundwater at and around the Saint-Gobain (Performance
Plastics facllity (McCaffrey Street facility) and sampled the Village water supply wells. The EPA also collected soil samples fronj!the
McCaffrey Street facility, Village ballfields and recreational areas. E

* InJune 2016, the NYSDEC entered into a legal agreement with Saint-Gobain Performance Plastics Corporation
International Inc. and initiated a study of the nature and exient of contamination at the site.

* |n September 2016, the EPA proposed adding the Saint-Gobain Performance Plastics site to the federal Superfund list.
1
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The EPA has determined that the appropriate course of action to address contamination from the Saint-Gobain facllity is to list the site

on the NPL. The EPA took public comment and considered public input before finalizing the decision. The EPA is coordinating all
Ir;vest!ga]tion and cleanup efforts with New York State. To leam more about the Saint-Gobain Performance Plastics Suﬁerfund site,
please visit:

htips:/flwww.epa.gov/ny/hoosick-falls-water-contamination

For Federal Register notices and supporting documents for final and proposed sites, visit: hitps://www.epa.aov/superfund/current-
-upd new- osed-npl-sites-and-new-npl-sites

Today's NPL update follows the announcement of the Superfund Task Force recommendations to improve the Superfund program.

The task force's recommendations focused on five overarching goals: expediting cleanup and remediation, reinvigoratilliﬁg cleanup aid

reuse efforts by potentially responsible parties, encouraging private investment to facilitate cleanup and reuse, promoting
redevelopment and community revitalization and engaging with partners and stakeholders.

Work ta prioritize and reinvigorate the program by the task force has been initiated and will be ongolng into the future. The Superfun
Task Force Recommendations can be viewed at hitps:/iwww.epa.qgov/superfund/superfund-task-farce-recommendations,

Follow EPA Reglon 2 on Twitter at http:/twitter.com/eparegion2 and visit our Facebook page,

htip://facebook.com/eparegion?.
17-049
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If you would rather not receive future communications from Environmental Protection Agency, let us know by clicking here.
Environmental Protection Agency, 290 Broadway, New York,, NY 10007-1866 United States
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\‘ﬁ’ Environmantal Protaction Washington, DC 20460
Agency |

| NATIONAL PRIORITIES LIST (NPL) :

HAKNPL Site*** July 2017
SAINT-GOBAIN PERFORMACE PLASTICS | Village of Hoosick Falls, New York
Rensselaer County

(® Site Location: ‘ |

The Saint-Gobain Performance Plastics (SGPP) site is located at 14 McCaffrey Street in the Village of Hoosick Fa ]s
Rensselaer County, New York. The facility is situated in the southwest corner of Hoosick Falls and along the east si de
of the Hoosic River. ?

La. Site History:
SGPP manufactures plastic materials, tapes, and foams and has operated in Hoosick Falls from 1999 t¢ the preseft.
The McCaffrey Street facility was originally built in 1961 and was used for manufacturing extruded itapes, circjiit
board laminates, polytetrafluoroethylene (PTFE)-coated fiberglass, and molded and extruded PTFE [intermediates
before SGPP began operations. The facility used perfluorooctanoic acid (PFOA)-containing materials in their
manufacturing process until they began phasing them out in 2003. -

¥ Site Contamination/Contaminants:
Ground water underlying the SGPP facility and withdrawn by the public supply wells for the Village of Hoosick Falls
is contaminated with PFOA. above the Health Advisory and with chlorinated solvents, such as trichloroethylene (T E)
and vinyl chloride.

it Potential Impacts on Surrounding Community/Environment:
The public supply wells in the Village of Hoosick Falls, which serve approximately 4,000 people as the nilam sourcef.of
drinking water, are contaminated with PFOA at concentrations above the EPA Health Advisory. In adgition, PFQA
has been found in several private wells.

=5 Response Activities (to date):

Saint-Gobain Performance Plastics installed a carbon filtration system. Drinking water now meets all federal and state
standards. o ¢

= Need for NPL Listing:
Ground water contaminated with PFOA in the public supply wells requires cleanup to protect human health and the
environment. NPL listing has been determined to be the most effective approach for cleanup. The EBA received a
letter of support for placing the site on the NPL from the state of New York.

i
[The description of the site (release) is based on information available at the time the site was evaluated with the HRS. The p‘esc;’fpfion rjiay
1

change as additional information is gathéred on the sources and extent of contamination. See 56 FR 5600, February 11, 1991, or subsequent
"FR notices.] :

For more information about the hazardous substances identified in this narrative summary, including general information regarding the etffects of expogure
to these substances on human health, please see the Agency for Toxic Substances and Disease Registry (ATSDR) ToxFAQs. ATSDR Tani\Qs can be fopnd
on the Internet at hitps://www.atsdr.cde.gov/toxfaqs/index.asp or by telephone at 1-800-CDC-INFO or 1-800-232-4636.




SITE SUMMARY

The Saint-Gobain Performance Plastics (SGPP) site as scored consists of soil and ground water contaminated vith
trichloroethylene (TCE), vinyl chloride (VC), polychlorinated biphenyls (PCBs), and perfluorooctanoic facid
(PFOA) as a result of historical releases from the SGPP facility located at 14 McCaffrey Street in Hoosick Falls,
NY. Sampling and analysis of soil and ground water by EPA in April-May 2016 document the presence of TCE in
facility soils, and TCE, VC, and PFOA in ground water at concentrations that meet the criteria for observed release
by chemical analysis [see Section 3,1.1 of this HRS documentation record]. Sampling and analysis by EPA of the
Village of Hoosick Falls municipal water supply in May 2016 document Level I actual contamination of drinking
water wells with VC and Level II actual contamination with PFOA that is attributable at least in part to the site [see
Section 3.3.2]. In addition, information provided by SGPP to EPA in December 2014 documents an obsefved
release by direct observation of PFOA to the aquifer of concern [see Section 3.1.1]. A Site Location m is
presented in Figure 1.

For the SGPP site, EPA is evaluating the ground water migration pathway. The source is evaluated as |soil
contaminated with cis-1,2-dichloroethylene (DCE), TCE, and PCBs (Source 1) as further discussed in Section 2{4.1.
Sampling and analysis by EPA in April and May 2016 showed the presence of PFOA in SGPP facility soil; howeyer,
due to laboratory quality control issues, the data are considered unusable and will not be evaluated in this HRS
Documentation Record Package,

The facility that currently houses SGPP was originally built in 1961 for Dodge Fibers Corp. and was used first for
producing extruded tapes and then circuit board laminates; prior to 1961 the property was vacant land [Ref. 39, p.
23). Oak Materials Group (a.k.a. Oak Electronetics; a.k.a. Oak Industries) purchased the property from Dadge
Fibers between 1969 and 1971 [Ref. 39, p. 23]. Oak Industries operated the facility until 1987 when it was so
Allied Signal Fluorglas [Ref. 39, p. 23]. The property was sold to Furon Company in February 1996 [Ref. 4

stick coatings are known to include PFOA [Ref. 13, p. 20; 52, p. 1].

SGPP has operated at 14 McCaffrey Street (Tax Map/Parcel No. Section 37.6, Block 3, Lot 1) since 1999 [Ref.
1; 18, p. 2]. SGPP is a Paris-based multinational corporanon which manufacturcs a variety of polymer-b!m-.d

-

membranes, as well as foams for bonding, sealing, acoustical and vibrational damping, and thermal manage
the facility previously used PFOA in its manufacturing processes [Ref. 4, p. 1; 14, pp. 4, 7, 9]. The facili
situated near the southwest corner of Hoosick Falls and along the east side of the Hoosic River [Figure 1; Ref.
1;5.p.1]

raw materials with decreasing levels of PFOA as an ingredient. [Ref. 4, p. 1; 19, p. 1]. PFOA is a man-
chamical that be!ongs to a group of ﬂuurine-contalmng chemicals called perﬂuonnated chem:cals (PFCJ [Ref. 1

many products for the aerospace, automotive, buildmgiconstructmn, and electronic mdustries [Ref 12, p. 2]. PROA
and related compounds are persistent in water and soil, and resistant to typical environmental degradation pro
[Ref. 15, p. 3]. PFOA poses potential adverse effects for the environment and human health based on its toxigity,
mobility, and bioaccumulation potential [Ref. 15, pp. 1, 3-4]. PFOA exists as a white powder or waxy white solid at
room temperature, and it is water-soluble and can readily migrate from soil to ground water [Ref. 15, pp. 2-3].

discharged to the air from the facility’s smokestacks and settled in the valley surrounding the plant [Ref. 4, p§ 1].
The powder was observed to cover equipment and other surfaces within the facility as well [Ref. 4, p. 1]. After
approximately 15 years of unfiltered emissions, filters were installed in the facility’s smokestacks in the early 1980s
[Ref. 4, p. 1]." A former employee stated that the filters and other equipment contacted by the white powder
cleaned weekly by washing them on a hillside outside the plant [Ref. 4, p. 1].

Former employees of the McCaffrey Street facility describe a powder-like smoke plume that was routiniely

The Village of Hoosick Falls operates three public supply wells (Village Wells 3, 6, and 7); the well field is locTted

9




SD- Hazardous Substan

[*]
w
7]

Source Noj; 1

2.4.1 Hazardous Substances

As discussed above, soil samples collected by SGPP in August 2015 document the presence of PFOA. in facility

soils. Soil and ground water samples collected by EPA in April 2016 document the presence of TCE, cis-1,2-DCE,
and PCBs in site soils and TCE and VC in the aquifer of concern. As all of these compounds are man-made
chemicals and do not naturally occur in the environment, the data for the samples discussed above are being

considered for source documentation and are presented in Tables 1-7. The source fype is contaminated
therefore, background soil samples are used for comparison purposes, Sampling and analysis by EPA in April

nd
May 2016 showed the presence of PFOA in SGPP facility soil; however, due to laboratory quality control r'ssiyes,

the data are considered unusable and will nol be evaluated in this HRS Documentation Record Package.

oil;

TABLE 1. BACKGROUND AND SOURCE SAMPLE INFORMATION — ¢is-1,2-DCE and TCE

Field Sample CLP Sample | Sample | Depth | Solids References
ID 1D Date Time (feet) (%)
Background Sample
SGPP-S01 | BD371 | 5/3/2016 | 1550 | 0-2 | 81.7 |  22,p.29;23,p. 112; 45, pp. 2,78
Source Sample
SGPP-SS07B | BD3B1 | 4/27/2016 | 1710 | 10-12 | 88.7 |  22,p.24;23, p. 84; 49, pp. 3, 168

TABLE 2, BACKGROUND AND SOURCE SAMPLE INFORMATION — PCBs

Field Sample | CLP Sample | Sample | Depth | Solids References
ID 1D Date Time (feet) (%)
Background Sample
SGPP-S01 | BD371 | 5/3/2016 | 1550 02 | 81.7 | 22,p.29;23,p.112; 45, pp. 2, 1220
Source Sample
SGPP-S07 | BD3A9 | 4/27/2016 | 1650 | 0-2 783 | 22, p.24;23, p. 84: 49, pp. 3, 1200

TABLE 3. BACKGROUND AND SOURCE CONCENTRATIONS — cis-1,2-DCE and TCE

Maximum
Background Source Concentration
Concentration

Field Sample ID SGPP-801 SGPP-SS07B

Sample Date 5/3/2016 4/27/2016

CLP Sample ID BD371 BD3B1

Depth (feet) 0-2 10-12

Result RDL* Result RDL*

cis-1,2-DCE 51U 5.1 8.4 4.2

TCE 51U 5.1 160 4.2

References 22,p.29;23,p. 112; 33, p. 8; | 22, p. 24; 23, p. 84; 32, pp. 3-6, 59, 160; 33, p. 8; 49, pp. B,

41, pp. 2-6, 28, 122; 45, pp. 2, 168
: 78
Concentrations reported in micrograms per kilogram (pg/ke).
RDL = Reporting Detection Limit.
U = The analyte was analyzed for, but was not detected at a level greater than or equal to the level of the adjustediContract
Required Quantitation Limit (CRQL) (i.e., SQL) for sample and method.
*The RDL for each result is the CRQL adjusted for sample and method [Ref. 33, p. 8]. Since the samples were analyzed
, Sections

through CLP, these adjusted CRQLs are used in place of the HRS-defined sample quantitation limit (SQL) [Ref.
1.1 and 2.3]. ;




GW-Observed Relgase

Hazardous Substances Released: B

Trichloroethylene (TCE) CAS No. 79-01-6
Vinyl chloride (VC) CAS No. 75-0 I-di
Perfluorooctanoic Acid (PFOA) CAS No. 335-6741
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ATSD Agency for Toxle Substances
and Disease Registry

Overview

Per-and Poiyfluoroalkyi Substances (PFAS) are a large group of man-made chemicals that hiave

making and using these chemicals in consumer products has greatly decreased during the last 10

been used in industry and consumer products worldwide since the 1950s. In the United Sta}es,

years, but people can still be exposed to PFAS because they are still present in the environ D!Ent.

Scientists have studied how PFAS affect animals' health but are still trying to understand h

exposure to PFAS affects human health. Over the last decade, interest in PFAS has been growing,

ATSDR and our state health partners are investigating exposure to PFAS at a number of sitegs.

PFAS are heat, oil, grease, and water resistant.

The two best known groups of this family of chemicals are the perfluorocarboxylic acids (PFCASs),

which include perfluorooctanoic acid (PFOA, sometimes called C8), and the perfluorosulfon
(PFSAs), which include perfluorooctane sulfonate (PFOS). PFCAs and PFSAs do not break d
easily in the environment. They also bioaccumulate, or build up, in the blood and organs of e;
humans and animals and remain there for extended periods of time.

Some PFAS are precursors to PFCAs and PFSAs and can break down to those chemicals in tk
or the environment. '

The largest manufacturer of PFOS voluntarily stopped producing it in 2002, However, other]
countries still produce PFOS, and it can be imported into the United States in limited quantit

tes
whn
(posed

e body

es.In

Program. Companies participating in the program are working to stop producing PFOA and jjelated

2006, EPA and major companies in the PFAS industry launched the 2010/2015 PFOA StewIdship

chemicals by 2015. These companies include Arkema, Asahi, BASF Corporation (successor t
Clariant, Daikin, 3M/Dyneon, DuPont, and Solvay Solexis.

Ciba),

List of Perfluorosulfonates and Perfluorocarboxylic Acids and Their Abbreviations

Chemical Abstracts
Chemical Abbreviation| Service Registry Chemical Fo
Number (CAS No.) :

rmula

Perfluorosulfonates (PFSAs)

https://www.atsdr.cde.gov/pfc/overview.html , 8/10/2017
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PLgc 20f2

Pez;ﬂuorobutane sulfonate PFBuS 375-73-5 C4HFsD5S
Perfluorodecane sulfonate PFDS 335-77-3 Cy0HF2103S
Perfluoroheptane sulfonate PFHpS - 375-92-8 C/HF 15055
Perfluorohexane sulfonate PFHxXS 432-50-7 CyHF 13035
Perfluorooctane sulfonate | PFOS 1763-23-1 CgHF 7045
Perfluorooctanesulfonamide PFOSA 754-91-6 CgH2F17NO,S
Perfluorocarboxylic acids (PFCAs)
Perfluorobutanoic acid PFBA 375-22-4 C4HF,0,
Perfluorodecanoic acid PFDA 335-76-2 CioHF 150, -
Perfluorododecanoic acid PFDoA 307-55-1 C12HF230,
Perfluoroheptanoic acid PFHpA . 375-85-9 CyHF4130,
Perfluorohexanoic acid PFHxA 307-24-4 CsHF 110,
Perfluorononanoic acid PFNA 375-95-1 CoHF17,©,
Perfluorooctanoic acid PFOA 335-67-1 C gHF 3150,
Perfluoroundecanoic acid PFUA 2058-94-8 C14HF210,
~ Top of Page
Page last reviewed: September 18, 2015
Page last updated: May 26,2016
Content source: Agency for Toxic Substances and Disease Registry (https://www.atsdr.cdc.gov)
https://www.atsdr.cdc.gov/pfe/overview.html | 8{10/2017
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ATSD Agency for Toxle Substances
and Disease Reglstry

Health Effects of PFAS

On this Page

¢ How can people reduce the risk of exposure to PFAS?

How can PFAS affect people’s health?'

Scientists are not yet certain about the possible health effects resulting from human exposure to
PFAS at levels typically found in our water and food. Perfluorooctane sulfonate (PFOS),
perfluorooctanoic acid (PFOA), perfluorohexane sulfonate (PFHxS), and perfluorononanoiciacid
(PFNA) have been more widely studied than other PFAS, For the most part, laboratory animals
exposed to high doses of PFOA or PFAS, including the PFAS mentioned above, have shown ¢hanges
in the liver, thyroid, and pancreatic function, as well as some changes in hormone levels. Because
animals and humans do not always process chemicals the same way, scientific methods are Uised to
account f(_)r these differences and ensure their conclusions about chemicals are protective thhe
public,

Some PFAS accumulate in the human body and the levels decrease slowly over time, The abjlity of
these compounds to be stored in the body, also known as body burden, increases concerns gbout
the possible effects on human health,

Some, but not all stuldies in humans have shown that certain PFAS may:

» affect the developing fetus and child, including possible changesin growth, learning, and
behavior.

decrease fertility and interfere with the body’s natural hormones,
increase cholesterol,

affect the immune system, and

increase cancer risk.

At this time, there is not enough information to evaluate the health effects of exposures to njixtures
of PFAS., Further studies are needed to understand whether the same effects are caused by the
same mechanism of action.

oo

https://www.atsdr.cdc.gov/pfe/health_effects_pfes.html 10/2017
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How can people reduce the risk of exposure to PFAS?

PFAS are found in the blood of people and animals all over the world and are present at lowjlevels in
avariety of food products and in the environment (air, water, soil, etc.). Therefore, complet ly

preventing exposure to PFAS is unlikely, and no effective recommendations can be made fi
reducing individual exposures in the general population. However, if you live near knowns
PFAS contamination, you can take steps to reduce your risk of exposure to PFAS.

Minnesota, Michigan, and Alabama have issued advisories cautioning consumers to eithers
limit eating fish from waters contaminated with PFOS or other PFAS. Check with your state
health and environmental quality departments for any advisories in place in your areaand t
the types and local sources of fish that are safe to eat.

A variety of consumer products such as non-stick coatings on cookware and surface-protec;

urces of |

top or
public
D [earn

Hive

coatings on clothing, carpets, and paper packaging have contained different types of PFAS|

the

past. But recent efforts to remove PFAS in many of these products have reduced the likelihood of
PFAS exposure, In addition, research has suggested that exposure from consumer productsiis

usually low, especially when compared to the impact of exposure in contaminated drinking Water or
contaminated food such as fish.
You can contact CDC/ATSDR for updated information on this topic at 1-800-CDC-INFO.
If you have questions or concerns about the products you use in your home, contact the Corjsumer
Product Safety Commission at (800) 638-2772.

~ Top of Page
Page last reviewed: August 16,2016
Page last updated: August 30,2016
Content source: Agency for Toxic Substances and Disease Registry (https://www.atsdr.cdc.gov)
https://www.atsdr.cdc.gov/pfe/health_effects pfes.html 8/10/2017
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ATSD R Agency for Toxic Substances and Disease Registry

How is ATSDR involved investigating PFAS in the environment?

ATSDR Is Involved at a number of PFAS-related sltes, either directly or thorough asslsting state and federal partners (Figure 1), As of now, most sitglgre related
to drinking water contamination connected with PFAS production facilltles or flre tralning areas where aqueous fllm-forming firefighting foam (AFFF) was
regularly used, We are working with one state partner on a site where consuming contaminated fish is the cancern.

ATSDR involvement at sites with poly- and perfluoroalkyl substances (PFAS)

Hhavad Mriarfure Centes,
Warrninilev, PA
Maval ke Stathon Jont Redesve
Bate, Wiiow Grwe, FA
Clourester County, 1

Dover Alr fome Rate, Dever, DE

Eiedian
Falibunty, AX

D - @ FRAS manufctuidog e (ATSOR/pariner lead) " PutoRkn
O Miltary site (ATSDR/partner lead)
A Mty ste (ATSORpartaersuppar)
A Other lype of site (ATSOR/parter suppat)

Dila seuree: TSR Reglonalstaland Enironmental Health Portfollo Maragement system, The location and siveof Alasks, Hawall, 1nd Puaita Ricowere alierd to fl this map e, Ladtupelated 2016.06.24, a. 3‘?38'.‘.53-""" i

Flgure 1. Perfluorinated compound (PFAS) sites with ATSDR, state health department, US Environmental Protection Agency, or Depamnentoft)démae
Involvement

Examples Include:
Reglon1
Joint Base Cape Cod, MA

Military activities have contaminated soll at the JoInt Base Cape Cod facility and the aquifer below. The contaminated aquifer provides drinking water to some
residents of Cape Cod, The MA Department of Health (MA DPH), under the ATSDR Cooperative Asreement Program

[httos:/fvwww atsdr.cdc.gov/states/index html), Is evaluating whether people have been exposed to per-and polyflucroalkyl substances (PFAS) in thelr drinking
water at levels high enough to cause health effects, ATSDRwill pruvtde help as needed. For more Informatlon about PFAS In drinking water, visit thel ATSDR
PFAS webslte at https:, B

[hl'tp Jwww, mass.gov/eohhsfdo:s/dph}envlronmentalﬂnvestlgatlms/cape{]hcc-rec-wlrhfal:t-sheet.pdn
North Bennlngton, VT

https://www.atsdr.cdc.gov/pfe/atsdr_sites_involvement.html 8410/2017
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Bennlington, PFOA s one of the chemicals in theper- and polyfluoroalkyl substances [PFAS) family. VDEC is testing private wells within a 1.5 mlle ra
former ChemFab site, which Is the source of the PFOA, to see how widespread the contamination Is. The Vermont Department of Health (VDH) as
NCEH/ATSDR for technical support in addressing health issues.

lus of the

The Vermont Department of Environmental Conservation (VDEC) has found perfluorooctanoic acld (PFOA) In private well water samples collected LNﬁrth

Merrimack area of southern NH

The New Hampshire Department of Environmental Services (NHDES) tested public and private drinking water supplles in the Merrimack area. Some of the wells
are contaminated with perfluorooctancic acid (PFOA). The sources of PFOA are factorles In the area. The New Hampshire Department of Health arid Human
Services {NH DHHS} Is attending public meetlngs to addressresidents’ health concerns. ATSDR is helping the NH DHHS address health Issues through the ATSDR
ara ; 2 : 25 NHDES collected water samples from public and private drinking yater
suppllas ATSDR Is a'.'aluatins the ta.st resu! ts L‘n datarmlne if drlnklns the water may harm people’s health and will provide the findings in a written report. For
more Information about PFAS In drinking water, visit the ATSDR PFAS website at https://waww atsdr.cdc govipfe/index.html
(bttps://vwww.atsdr.cdceov/ofe/indexhtml) ;
Pease International Tradeport, Portsmouth, NH

The City of Portsmouth, warking with the NH Department of Environmentzl Services and the NH Department of Health and Human Services,

foam used at the former Pease Alr Force Base |5 the presumed source of PFAS. Approximately 8,000 people work at or vislt the Pease Tradeport daf
daycare centers operate on the property.

The New Hampshire Department of Health and Human Services (NH DHHS), through the ATSDR Cooperative Agreement Program
[httos:/fwww.atsdr.cdegov/states/indexhtml), asked NCEH/ATSDR to help them evaluate how drinking water contaminated with PFOS may affect people's
health, ATSDR is working with NH DHHS to answer these questions and to make recommendations to protect people from further PFAS exposure, lNH DHHS
will write twa reports, one evaluating PFAS exposure in water at the Pease Tradeport, and one evaluating exposure from private water wells, The reports will
answer the question if drinking PFAS contaminated water at these sites could harm people's health,

Community Water Systems {CWS) and Private Wells, Gloucester County, New Jersey

The Delaware River Keeper Network petitioned ATSDR to Investigate whether residents of Gloucester County, NJ were exposed to harmful [evels of
perfluorononanoic acld (PFNA) and other PFAS in thelr drinking water.

The New Jersey Department of Health, through the ATSC 2 Agree Prog N g ates/index.html), s reviewing public
and private water sample results to see if people have been expusad to PFAS and lfthe exuosure cauld harm ﬂ1elr haalth For-more information abouf PFAS in
drinking water, visit the ATSDR PFAS website at http W3 I :

Reglon3
MNaval Alr Statlon Joint Reserve Base, Willow Grove, PA

Groundwater at the Willow Grave Air Station Jolnt Reserve Base Is comtaminated with per- and polyfluoroalkyl substances (PFAS) (malnly perfl tane
sulfonlcacid, PFOS for short, and perfluorooctanolc acld, PFOA for short).\ Some public water supply wells in Horsham and Warrington, and some pgivate wells
nearby are also contaminated with PFOS and PFOA, PFAS In the groundwater are likely aresult of past use of aqueous film-forming firefighting foanis (AFFF) In
the area, The Department of Defense asked the Environmental Protection Agency { EPA) to test private well water at theslte, Public water utilitles jre collecting
water samples from their systems,

EPA asked ATSDR to evaluate PFAS water test results to se if drinking water contaminated with these levels of PFAS could harm people's health, ATSDR is
evaiuatlng the available water test results. For more Informatlon about PFASIn dr!nkina water visit the ATSDR PFAS website at

ATSDR Is working with the Mid Atlantic Center for Children's Health and the Environment to answer the community’s health questionsand to educafe local

health professlonais ahoutposslble health effects caused hy exposure to PFAS. ATSDR continues to work with the PA Department of Health, the ATSDR
0] : es/index html), to summarize avallable cancer statistics for this area because community

Is

(http:/fwww. atsdrcdc.gw!HACfphaICancerDataanewPNCanwDataRevtew FAjoa.pdn
Maval Alr Warfare Center, Wnrmln:tar. PA

https://www.atsdr.cde.gov/pfc/atsdr_sites_involvement.html 8£10/2017
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Groundwater at the former Naval Air Warfare Center Warminster site [s contaminated with per- and polyfluoroalkyl substances (PFAS) {mainly pe
sulfonle acld, PFOS for short, and perfluorooctanolc acld, PFOA for short) . Some public water supply wells In Warminster, and some private wells n
contaminated with PFOS and PFOA, PFAS in the groundwater are likely from past use of aqueous fllm-forming firefighting foams (AFFF) in the area.
Department of Defense asked EPA to test private well samples at this site, Public water utilitles are collecting water samples from thelr systems.

The Environmental Protection Agency (EPA) asked ATSDR to evaluate PFAS levelsin the drinking water supplies to see if exposure to PFAS in drink
could harm paople‘s health. ATSDR evaluated the available off-site water testresults, Thereport s availableat

{htthMw atsd-.cdc'govﬁ-lAc/phalNavaIAIrWarfareCanterlNaval_Alr Warlare Center_LHC, 01-20-2016_503 pdf).

ATSDR Is working with the Mid Atlantic Center for Children’s Health and the Environment to answer health questions and to educate local health prj
about potentlal health effects caused byexposure to PFAS. Inaddition, ATSDR has worked with the PA Department of Health, through the ATSDR ¢
Agree Of e to summarize available cancer statistics forthis area, The cancer data revlewfo
mdes ofWarmImter. Warrlngton. aru:l Hm‘sham. PA Is avallable at hitp://www.at: evle :

rjaunrouctana

rby are
The

ng water

ofassionals

{htthMww.a!sdmde,gwMAC{pha!CanmeRevleNCancerDal-aRevlew_PA_soagdﬂ
Dover Alr Force Base, Dover, DE

Groundwater at the Dover Air Forcce Base Is contaminated with per- and polyfluoroalkyl substances (PFAS), but no off-base drinking water contami

ation has

been found at this time, The Department of Defense sampled onsite and most off-site wells, and asked EPA to test one off-slte well, PFAS In the groupdwater are

likely a result of past use of aqueous film-forming firefighting foams (AFFF) In the area.

The Environmental Protection Agency [EPA) asked ATSDR to address public health issues at this site. For more information about PFAS In drinking
the ATSDR PFAS website at https: ok -.gov/pfc, : : ;

Naval Auxillary Landing Fleld Fentress, Chesapeake, VA

The groundwater at the Naval Auxilllary Landing Field Tentress site is contaminated with per- and polyfluoroalkyl substances (PFAS) and in nearby p

ter, visit

rivate

drinking water wells. PFAS In the groundwater are |lkely a result of past use of aqueous film-forming firefighting foams (AFFF) In the area. The U.S. Navy is testing

groundwater samples at this site.

The U. 5. Navy asked ATSDR to answer health questions. ATSDRisworking with the VA Department of Health, through the ATSDR Cooperative Aszeement

Program {httpsy/fwww.atsdr.cde zov/states/index html), and with local health departments to answer health quutions from residents and health m4

For more information about PFAS in drinking water, visit the ATSDR PFAS webslte ath
{https:/fwww.atsdr.cde.gov/pfe/index.html).
New Castle County Alrport/Delaware State Alr Guard, New Castle, DE

fessionals.

Groundwater In the New Castel area,and some of the city public water supply wells, are contaminated with per-and polyfluoroalkyl substances (PFAS. The

source of the PFAS Is unknown, The state and EPA are testing groundwater samples at thissite,
EPA asked ATSDR to address publi:: health Issue. For more information about PFAS in drinking water, visit the ATSDR PFAS website at

Decatur (vicinity), AL-Blological Sampling of Per-and Polyfluoroalkyl Substances (PFAS) In the Vicinity of Lawrence, Morgan, and Limestone C
Alabama

In 2007, a PFAS manufacturer in Decatur, AL notified the EPA that It had discharged PFAS Into the Decatur Utilities wastewater treatment plant, res

ountles,

ulting In

environmental contamination. In 2009, the Environmental Protection Agency (EPA) asked ATSDR to conduict an Investigation to see if people who live In the

vicinity of Decatur, Alabama, downstream of PFAS factories have been exposed to PFAS.

In 2010, ATSDR tested residents’ blood and found that some of thelr blood contained PFCs (now called PFAS). ATSDR conducted follow-up blood and urine

testing In 2016. Information about ATSDR's activities can be found belaw,

Ihttnslfwww atsdrcdc goleAC/nba!BlologlcalSamplIng}BIulogIca LSanwlIng_ofjuhstanoesJ n_Alabama_EI%420-Report_11-28-2016_508.pdf)
p {https:/Awww.atsdr.cde.gov/HAC/pha/Decatur/Perflucrochemical |

{httpsy//www.atsdr.cde.gov/HAC/pha/decatur/Informationupdatetothe ATSDRExposurelnvestigationReportFINALDRAFTadditlonalcomment33
ndex.htm

Serum%

JAN14.pdf)

Reglon5
Wurtsmith Alr Force Base, Oscoda, Ml

https://www.atsdr.cde.gov/pfe/atsdr_sites_involvement.html

10/2017
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The Michigan Department of Health and Human Services (MDHHS), through the ATSDR Cooperative Agreement Program
(https:/iveww.atsdr.cdeeov/states/indexhtml), s evaluating people's exposures to PFAS in the environment, Releases of PFAS from activities at thejformer
Wurtsmith Alr Force Base have resulted in contamination of groundwater and surface water. Sampling by the Michigan Department of Environmental Quality
and the U.S, Alr Force has [dentifled elevated levels of PFAS contamination In some locally caught fish and drinking water wells. MDHHS has conducted health
education In the community, installed fish advlsmr slgns, and helpad the lucal health denartrrlent pm\ricle an alternate water supply to the community, More
information is available at http , 3 B8 ;

5 webs|te at

Elelson Alr Force Base, Fairbanks AK

In March 2015, Eielson Alr Force Base tested the base drinking water wells and found that some were contaminated with per- and polyfluoroalkyl substances
(PFAS). The Alr Force has taken the contaminated wells offline. The Alr Force continues to monitor the remalning wells to ensure that PFAS levels i the water
system are not above the HA.

Alr Force Investigations conducted In late spring and summer of 2015 determined that the PFAS moved Into private drinking water wellsin the Mooge Creek
community (narth of the Eielson Air Force Base} TheAlr Forcels pmv[dlng alternative drinklngwater tothe |rnpa:ted homes, The Alaska Division ofiPublic
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Interim Guidance

Revised on 6f7/2017

Introduction

The purpose of this fact sheet is to provide interim guidance to aid physicians and other clinicians with patient

consultations on perfluoroalkyl and palyfluoroalkyl substances (PFAS). It highlights what PFAS are, which ¢hemicals
fall into this category of substances, identifies health effects associated with exposure to various PFAS, and suggests |-
answers to specific patient questions about potential PFAS exposure.

Background
What are PFAS?

PFAS, sometimes known as PFCs, are synthetic chemicals that do not occur naturally in the environment. There
are many different types of PFAS such as perfluorocarboxylic acids (e.g., PFOA, sometimes called C8, and
PFNA) and perfluorosulfonates (e.g., PFOS and PFHXS). PFAS may be used to keep food from sticking to
cookware, to make sofas and carpets resistant to stains, to make clothes and mattresses more waterproof, and
to make some food packaging resistant to grease absorption, as well as use in some firefighting mategials.
Because PFAS help reduce friction, they are also used in a variety of other industries, including aerospace,
automotive, building and construction, and electronics.

Why are PFAS a possible health concern?

According to the U.S. Environmental Protection Agency (EPA), PFAS are considered emerging contampinants.
An “emerging contaminant” is a chemical or material that is characterized by a perceived, potential, of real
threatto human health or the environment or by a lack of published health standards.

PFAS are extremely persistent in the environment and resistant to typical environmental degradation
processes, The pathway for dispersion of these chemicals appears to be long-range atmospheric and gceanic
currents transport. Several PFAS and their potential precursors are ubiquitous in a variety of environments.

Some long-chain PFAS bioaccumulate in animals an@ can enter the human food chain.

PFOS and PFOA are two of the most studied PFAS. Exposure to PFOA and PFOS Is widespread and glpbal.
PFOS and PFOA also persist in the human body and are eliminated slowly. Both PFOS and PFOA can be found
in blood, and at much lower levels in urine, breast milk and in umbilical cord blood.

PFOS and PFOA may pose potential adverse effects for human health given their potential toxicity, mpbility,
and bioaccumulation potential. The likelihood of adverse effects depends on several factors such as arpount
and concentration of PFAS ingested as well as the time span of exposure.

Routes of Exposure and Health Effects
What are the main sources of exposure to PFAS?

For the general population, ingestion of PFAS is considered the major human exposure pathway. Themajor
types of human exposure sources for PFAS include:

- Drinking contaminated water.

- Ingesting food contaminated with PFAS, such as certain types of fish and shellfish.

- Until recently, eating food packaged in materials containing PFAS (e.g., popcorn bags, fast foo
containers, and pizza boxes). Using PFAS compounds has been largely phased out of fond packaging
materials.

- .Hand-to-mouth transfer from surfaces treated with PFAS-containing stain protectanm such a carpets ;
which is thought to be most significant for infants and toddlers. = ghs oy




Workers in industries or activities that manufacture, manipulate or use products containing PF;
be exposed to higher levels than the general population.

What are other low level exposure sources?

Individuals can also be exposed by breathing air that contains dust contaminated with PFAS (from soil} carpets,
upholstery, clothing, etc.), or from certain fabric sprays containing this substance.
Dermal exposure is a minor exposure pathway. Dermal absorption is slow and does not result in significant

absorption.

What are the potential PFAS exposure risks to fetuses and children?

AS may

Recent research evaluating possible health effects to fetuses from PFAS exposures have shown that

d
fetuses can be exposed to PFAS when umbilical cord blood from their mothers crosses the placenta dlfring

pregnancy. [tis important to note that different PFAS have varying levels of permeability to the place
barrier.

Newborns can be exposed to PFAS through breast milk. The level of neonatal exposure depends on the

duration of breastfeeding. Older children may be exposed to PFAS through food and water, similar to

addition, young children have a higher risk of exposure to PFAS from carpet cleaners and similar prodicts,

largely due to time spent lying and crawling on floors in their early years.
How long do PFAS remain in the body?
PFAS with long carbon chains have estimated half-lives ranging from 2-g years such as:
* PFOA2to 4years
PFOS 5to 6 years

PFHxS 8 to g years

-

What are exposure limits for PFAS in drinking water?

veloping

tal

adults. In

The Environmental Protection Agency (EPA) has published a Lifetime Health Advisory (LTHA) recom

ending

What are PFAS levels in the U.S. population?

that the concentration of PFOA and PFOS in drinking water, either individually or combined, should net be
greater than 7o parts per trillion (0.07 parts per billion). The LTHA concentrations do not represent definitive
cut-offs between safe or unsafe conditions, but rather provide a margin of protection for individuals throughout
their life from possible adverse health effects, EPA health advisories are non-regulatory recommendatjons and
are not enforceable.

Most people in the United States and in other industrialized AS in

their blood,

The National Health and Nutrition Examination Survey (NHANES) is a program conducted by the Centers for

e
Disease Control and Prevention (CDC) to assess the health and nutritional status of adults and childrerll’ln the
United States. NHANES (2011-2012) measured the concentration of PFAS in the blood of a representative
sample of the U.S. population (22 years of age and older). The average blood levels found were as follows:

countries have measurable amounts of PF

PFOA: 2.1 parts per billion, with g5% of the general population at or below 5,7 parts per billion
PFOS: 6.3 parts per billion, with 95% of the general population at or-below 21,7 parts per billion
PFHxS: 1.3 parts per billion, with 95% of the general population at or below 5.4 parts per billion

wardship
NES

In the last decade, major manufacturers of PFOA and PFOS related products joined EPA in a global ste
program to phase out production of these agents by 2015. Based on data collected from previous NHA




cycle years, levels of PFOA and PFOS are generally decreasing in the blood of the general population as a result
of this important initiative.

Health Studies

How can PFAS potentially affect human health?

Studies in humans and animals are inconsistent and inconclusive but suggest that certain PFAS may affecta
variety of possible endpoints, Confirmatory research is needed.

Below are summaries of studies in animals and humans.
Animal Studies:

Adverse health effects have been demonstrated in animal studies, but these occurred at exposure levels higher
than those found in most people, The main health effects observed were: enlargement and changes irf the
function of the liver, changes in hormone levels (e.g., reduced testosterone synthesis, potential to affect T4 and
TSH levels) and adverse developmental outcomes. Developmental and reproductive effects, includingjreduced
birth weight, decreased gestational length, structural defects, delays in postnatal growth and development,
increased neonatal mortality, and pregnancy loss have all been associated with prenatal rodent exposire to
PFOS and PFOA. :

Human Studies:
C8 Health Project

The C8 Health Project was a large epidemiological study conducted because drinking water in six watsr districts
across two states near Parkersburg, West Virginia were contaminated by release of PFOA (also called £8) from
the 29505 until 2002 (when the contamination was discovered). These releases migrated and contaminated the
air, parts of the Ohio River, and ground water. The study included 69,030 persons >18 years of age. Thg C8
Science Panel analyzed study data and found probable links (as defined by litigation) between elevated PFOA
blood levels and high cholesterol (hypercholesteremia), ulcerative colitis, thyroid function, testicular cancer,
kidney cancer, preeclampsia, as well as elevated blood pressure during pregnancy. Residents in the aréa of
these releases showed 500 percent higher PFOA-concentrations in blood compared to a representative U.S.
population (i.e., NHANES).

Table 1: Overview of C8 and Other Human Studies

Cholesterol Some epidemiological studies demonstrated statistically significant
assoclations between serum PFOA and PFOS levels and total cholesterol in:

- workers exposed to PFAS, and

- residents of communities with high levels of PFOA in the drinking water

compared to NHANES data that is representative of the U.S.
population.

Other studies have found no association between PFAS exposures and the total

-cholesterol levels.

Uric acid Several studies have evaluated the possible association between serum PFOA
and serum PFOS levels and uric acid. Significant associations were found
.between serum PFOA and uric acid levels at all evaluated exposure levels.

Liver effects A number of human studies have used liver enzymes as biomarkers of possib o
liver effects. In occupational studies, no associations between liver enzymes
and serum PFOA or PFOS levels were consistently found. A study of highly




exposed residents demonstrated significant associations but the increase in
liver enzymes was small and not considered to be biologically significant.

Cancer The International Agency for Research on Cancer (IARC) has classified PFOA [as
possibly carcinogenic and EPA has concluded that both PFOA and PFOS are
possibly carcinogenic to humans. :

Some studies have found increases in prostate, kidney, and testicular cancers in
workers exposed to PFAS and people living neara PFOA facility. Findings frgm
other studies report otherwise and most did not control for other potential
factors including heavy smoking. Additional research is needed to clarify if
there Is an association.

Note: Additional studies have identified possible associations between ulcerative colitis, thyroid disease and
pregnancy induced hypertension and higher exposure to PFAS.

What health screenings were used in the €8 study?

The C8 Medical Panel suggested health screening to evaluate the C8 study population that includeﬂ blood
tests for cholesterol, uric acid, thyroid hormones and liver function as well as other age or situationglly
appropriate screenings like blood pressure and urine protein measures. For individual patients exppsed to
PFAS who are not among the C8 study screening population, there are no official guidelines supporfting
health screening. However the tests listed above are well established in clinical medicine and may be a
consideration to discuss with your patient based on the patient history, concerns and symptoms.

What are potential health effects from prenatal PFAS exposure to fetuses?

Multiple studies have reported an association between elevated matemal blood and cord blood
concentrations of PFAS (primarily PFOS and PFOA) and decreased birth weight. Specifically, one meta-
analysis suggests that each 2. ng/mL increase in prenatal PFOA levels is associated with upto18.9 g
reductions in birth weight (Johnson, 2014). Studies have also observed decreased birth weight with prenatal
exposures to PFOS. The association between maternal PFAS level and decreased birth weight is not :
statistically significant across all studies. Further, the observed reduction in birth weight does not
consistently equate with-increased risk of a low birth weight (LBW) infant. Only one study revealed
statistically significant association between LBW risk and PFOS (Stein 2009); no studies have found a
statistically significant association between LBW risk and PFOA.

w

Additional studies are needed to conclusively link the relationships between fetal PFAS exposure and health
effects.

Patient Questions and Key Message Answers

As a clinician, you know careful listening and patient engagement s critical for ensuring quality patient care,
especially when health concerns are raised. Perhaps the most difficult challenge in speaking with patients about
their health concerns is addressing uncertainty. If your patient has concerns about an exposure to PFAS, yols may
face the challenge of helping your patient cope with the uncertainty of potential health effects from a PFAS
exposure.

Based on feedback from clinicians and from individuals who have spoken to their health care provider about their
PFAS exposure concerns, a set of patient questions have been identified. To assist you in speaking with your
patients about their concerns, key messages and supporting facts needed to answer the anticipated patient
questions are provided in the table below for your information and potential use.




re are high levels of PFAS in
my water. What should | do?

T it R R

If the water you use is above the
EPA health advisory level for PFOA
and PFOS, you can reduce
exposure by using an alternative
water source for drinking, food
preparation, cooking, brushing
teeth or any activity that might
result in ingestion of water.

(i 3 L BacTad o 1
Potential health effects are
associated with exposure to|PFAS.

health advisory for PFOA and PFOS
in drinking water. This advispry
states that the concentratiop of
PFOA and PFOS in drinking water,
either individually or combined,
should not be greater than 7o parts
per trillion.

EPA has established a !ifeth%e
n

There needs to be additiona
research to establish levels of
health risk, but patients may want
to reduce exposures below the EPA
health advisory level to be ofi the
safe side.

A home water filtration system can
reduce the contaminant levels in
drinking water. Researchers|are still
clarifying how to best use hame
filtration for PFAS contaminption.
Installing a home filtration system
or using a pitcher-type filterjmay
reduce PFAS levels. However,
these filters may not reduce|PFAS

enough to meet the EPA Liﬂ?time

Health Advisory (LTHA) leve].
Three factors determine hoitmuch

PFAS are removed by filtration.
These factors are the PFAS
contaminant levels, the typgof
filter, and how well the filter|is
maintained. Manufacturers ¢f the
filtration system may be able to
make recommendations to I
optimize removal of PFAS. This
may include more sophisticated
media cartridges or increasing the
frequency of exchanging filter
media.

For bottled water questions thow it
is treated and if it is safe) contact
the CFSAN Information Center at




1-888-SAFEFOOQD (1-888-723-
3366).

Could my health problems be
caused by PFAS exposure?

(Based on the health problems
the patient has, there are two
possible responses to this
question.)

(a) If the patient’s health problem is
in the list below, it may potentially
be associated with PFAS exposure,
based on limited evidence from
human studies. The potential
health effects include:

- Thyroid function (potential
to affect T4 and TSH levels)

- High cholesterol

- Ulcerative colitis

- Testicular cancer

- Kidney cancer

- Pregnancy-induced
hypertension

- Elevated liver enzymes

- High vricacid

(b) If the patient’s health problem
is not in the bulleted list above,
then there is no current evidence
that itis related to PFAS exposure,
(However, research is ongoing and
not all health outcomes have been
adequately studied.)

(a) Although the evidence is not
conclusive, your health problem
could potentially be associated
with exposure to PFAS. However,
health effects can be caused by
many different factors, and there is
no way to know if PFAS exposure
has caused your health problem or
made it worse.

(b) Based on what we know at this
time, there is no reason to think
your health problem is associated
with exposure to PFAS.

For supporting facts on the |isted
health effects in this question (a),
see "How can PFAS potentially
affect human health.” The
information on potential illesses
and health effects will be brjefly
reviewed for each of these i|lnesses
or health effects. This info
can be found in this fact sheet on
page 3 and 4.

If your patient presents with health
concerns that might be associated
with PFAS exposure, it is
appropriate to discuss the patient's
concerns and perform a thofough
health and exposure historyjand
also a physical exam relative to any
symptoms reported. b

3

Are there future health problems
that might occur because of PFAS
exposure?

We know PFAS can cause health
Issues but there is no conclusive
evidence that predicts PFAS
exposure will result in future health
problems. We can watch for
symptoms related to PFAS
associated health problems and
investigate any that you notice,
especially those that reoccur.,

inconsistent and inconclusive but
suggest that certain PFAS can
cause possible health effects.

Studies in humans and anir:Els are

better understand health risks

Additional research is needi? to
associated with PFAS exposure,




Should I get a blood ‘l:est for

[fyou are r_oncerned and choose to

PFAS? have your blood tested, test results | PFAS blood level at which alhealth
will tell you how much of each effect is known noris there a level
PFAS is in your blood but it is that predicts health problems.
unclear what the results mean in Most people in the US will have
terms of possible health effects. measureable amounts of PRAS in
The blood test will not provide their blood. There are no heglth-
information to pinpoint a health based screening levels for specific
problem nor will it provide PFAS that clinicians can compare
information for treatment. The to concentrations measured in
blood test results will not predictor | blood samples. As a result,
rule-out the development of future | interpretation of measured PFAS
health problems related to a PFAS | concentrations in individual§ is
exposure. limited in its use. The patient may

be aware of blood and urineltest for
PFAS being taken at other
locations. These tests are used by
public health officials to investigate
community-wide exposure i order
to understand the kinds an
amounts of PFAS exposuresin a
community and how those
exposures compare to thosg in
other populations, Serum PEAS
measurements are most helpful
when they are part of a carefully
designed research study. '

What do my PFAS blood tests The blood test for PFAS can only There is currently no established

results mean?

tell us the levels of specific PFAS in
your body at the time you were
tested.

The blood tests results cannot be
interpreted and used in patient
care.

The blood test results cannot
predict or rule-out the
development of future problems
related to a suspected exposure,

PFAS blood level at which a pealth
effect is known noris there a level

that Is clearly associated with past
or future health problems.

The individual patient's blood
concentration of PFAS can only be
compared to the average
background blood concentration
levels for different PFAS that are
nationally identified through the
representative sampling of the
NHANES studies conducted by
CDC.

A patient’s PFAS concentratjons
can only show the patient if fis or
her blood levels are.within range of
the national norms or if the




individual's levels are high or low
compared to the national
background averages.

An adult patient asks:

“Should | be tested for any of the
potential health effects
associated with PFAS exposure
(like cholesterol and uric acid
levels, or liver and thyroid
function, etc.)?”

Let’s look at your health history
and past lab results and discuss
what steps we may want to
consider moving forward.

One way we can address
cholesterol is through your annual
physical.

For others PFAS associated
conditions, we need to watch for
symptoms and investigate any that
you notice, especially those that
reoccur,

If any unusual symptoms occur, we
will investigate those and treat as
needed.

Laboratory tests will not tell us if
PFAS are the cause of any of your
health symptoms or abnormal lab
results, but conducting these'
routine health screenings and
watching for any related symptoms
do offer us a way to better
understand your current health
status.

Health effects associated wi’th
PFAS are not specific and can be'
caused by many other factoys.

There are no guidelines to sppport
laboratory testing to monitor PFAS
health concerns.

However, if your patient is
concerned about PFAS exposure,
discussing routine cholestei;v]
screening can reassure the patient
that his or her PFAS exposufe
concerns are being addressed.
Some of the other possible E:ea[th
effects can be screened for based
on symptoms.

A parent asls:

“Should | have my child tested for
any of the potential health effects
associated with PFAS exposure
(like cholesterol and uric acid
levels, or liver, thyroid function,
etc.)?”

The American Academy of
Pediatrics has endorsed cholesterol
testing for children starting at g
years of age.

Following this guidance cholesterol
level testing can be done for older
children.

If cholesterol level measures are
outside the normal range, we can
discuss options for bringing
cholesterol levels within the normal
range for your child.

For very young children, keeping
well child visits is the best plan of
action to monitor your child’s

According to NHLBI guidelies
endorsed by the American
Academy of Pediatrics, all n:?ildren
should be screened for cholesterol
levels between ages g and aj. years,
and again between ages 17 and 22
years, even those who are npt at an
increased risk of high cholesterol
and heart disease.

Health effects associated with
PFAS are not specific and can be
caused by many other factoys.

There are no guidelines to sépport
use of laboratory testing to
monitor PFAS health conceins.




heahh ancl watch for symptoms of
illness.

We can discuss any symptoms you
notice, especially those that
reoccur.,

If any unusual symptoms occur, we
will investigate those and treat as
needed.

Laboratory tests will not tell us if
PFAS are the cause of any of your
child’s health symptoms and are
not recommended. Conducting
routine well child visits and
watching for any related symptoms
do offer us a way to better
understand your child’s current
health status. '

Howaver, if your patient pre

with health concerns that h:
been associated with PFAS
exposures, discussing
recommended cholesterol
screening, can reassure the
patient's parents that their
concerns are being addressed.
Some of the other possible geaith
effects can be screened for based
on symptoms.

How will exposure to PFAS affect
my pregnancy?

Exposure to PFAS before
pregnancy has been associated
with pregnancy-induced
hypertension and pre-eclampsia.

We will monitor your blood
pressure closely, as we do for all
pregnant women; however, there is
no need for additional blood
pressure measurements as a result
of your exposure.

Health effects associated with
PFAS are not specific and can be
caused by many other factoys.

Pregnancy induced hypertersion
occurs in many pregnanciesjand

the specific etiology is often
unknown.

Is it safe for me to breastfeed my
baby?

Breastfeeding is associated with
numerous health benefits for
infants and mothers.

Atthis time, it is recommended
that you as a nursing mother

continue to breastfeed your baby. -

The science on the health effects of
PFAS for mothers and babies is
evolving.

However, given the scientific
understanding at this time, the
benefits of breastfeeding your
baby outweighs those of not
breastfeeding,

Extensive research has
documented the broad and
compelling advantages of
breastfeeding for infants, mothers,
families, and society.

Some of the many benefits include
immunologic advantages, lgwer
obesity rates, and greater cognitive
development for the infant as well
as a variety of health advantages
for the lactating mother.

Even though a number of
environmental pollutants reEdily
pass to the infant through hyman
milk, the advantages of




outweigh the potential ris
nearly every circumstance.

breastfeeding continue to %r

How will exposure to PFAS affect
my child’s immunizations?

Will | need to get my child
vaccinated again?

Although few studies have
reported that PFOS and PFOA
might slightly lower the immune
response to some immunizations,
these studies have not suggested a
need to re-evaluate the normal
immunization schedule.

There is no recommendation for
repeating any vaccinations.

reported that elevated levels of
PFOA and PFOS in serum are
assoclated with reduced humoral
immune response to some routine
childhood immunizations (rbbella,
tetanus and diphtheria) among
children aged five to seven years.

A study with 656 children h?s

[

Studies have not suggestedia need
to re-evaluate the normal
immunization schedule nor the use
of an immunize booster for
impacted children.

| have been very anxious about
health risks from PFAS exposure.
How can | deal with this
uncertainty?

It is normal to be anxious about
uncertain risks.

| am here to listen to your
questions and will do my best to
provide honest answers.

First let's identify ways to reduce
ongoing exposures to PFAS so that
overtime we can lower your health
risks.

Let's set up appointment for (X
date) and we can discuss any new
questions you have and check to
see if there are any changes in how
you feel,

Inthe meantime, | have more
information that may answer
questions that you may have later
about PFAS..

Listen sympathetically and|
explore the concerns of the
patient

Check for serious stress isst:rs such
as ongoing depression and treat
accordingly.

Review resources/references at the
end of this fact sheet.

0




Below Is a list of resources that can be helpful to clinicians. These include the Pediatric Environmental Health
Specialty Units (PEHSU). The PEHSU are a national network of experts available to provide consultation and

Resources

education to clinicians and communities wishing to learn more about PFAS and other hazardous substancds. These
units are staffed by clinicians with environmental health expertise in pediatrics, reproductive health, occupational

and environmental medicine, medical toxicology, and other related areas of medicine.

C8 Medical Panel

Resource Link
ATSDR:
PFAS Overview http://www.atsdr.cdc.aov/pfc/i tml
Toxic Substance Portal of[www.atsdr, ov/substances/index.as
ToxFAQs :/lwww.atsdr.cdc.aov s/tf.asp?id=1116&tid=2
CDC: PFCs [lwww.cde.qov/biomonitoring/PECs FactSheet.html
C8 Science Panel http://www.c8sciencepanel.ora/prob_link.html

http://www.c8sciencepanel.or blications.html

http://www.c-8medicalmonitoringproaram.com/

http://www.c-
8medicalmonitori ogram.c ocs/me nel education doc.pdf

EPA: PFAS https://www.epa.gov/chemical-research/research-perfluorooctanoic-acid-pfoa-
and-other-perfluorinated-chemicals-pfcs

-|ARC http://www.iarc.fr/

NIEHS: PFAS ftps: .niehs.nih.gov/he erials urinated chemicals 5o08lpdf

NHLBI Lipid Screening in
Children & Adolescents

hitps://www.nhlbi.nih.gov/health-pro/guidelines/current/cardiovascular-health-
pediatric-guidelines/full-report-chapter-q

PEHSU

hgg:{Mww.pehsu.neg

Uncertainty and Stress in
the Clinical Setting

Helping Patients and Clinicians Manage Uncertainty During Clinical Care -

https://publichealth.wustl.edu/helping-patients-and-clinicians-manage-
uncertainty-during-clinical-care/

Navigating the Unknown: Shared Decision-Making in the Face of UncertainF/J
Gen Intern Med. 2015 May; 30(5): 675-678. http://tinyurl.com/zrds87f
Patient Health Questionnaire to determine if patient is suffering from

depression. http://tinyurl.com/gv6hawk

Uncertainty Toolbox: Principles in the Approach to Uncertainty in the Clinical
Encounter-J Gen Intern Med. 2025 May; 30(5): 675-678.

http://tinyurl.com/gtifamk




What are PFAS?

PFAS are a large group of man-made chemicals that have been used since the 1950s. Use of some of thes
chemicals has decreased in the United States over the last 10 years. People can still be exposed to PFAS bqlcause

they are still present in the environment. PFAS do not break down easily in the environment. They also bui
the bodies of exposed humans and animals. Over the last decade, interest in PFAS has grown.

How can | be exposed to PFAS?

ATSDR and our state health partners are studying exposure to PFAS at a number of sites, PFAS are found near areas

where they are manufactured or used., Listed below are places where they can be found.

< Indoor air in spaces that contain carpets, textiles, and other consumer products treated with PFAS to re

» Surface water (lakes, ponds, etc,) and run-off from areas where aqueous (water-based) film-forming fire ffi
foam (AFFF) was often used (like military or civilian airfields)

« Locally caught fish from contaminated bodies of water
» Food items sold in the marketplace

Consumer products can be source of exposures to PFAS. These products include

= Public water systems and drinking water wells, soil, and outdoor air near industrial areas with frequent jFAS use
|

« Some grease-resistant paper, fast food wrappers, microwave popcorn bags, pizza boxes, and candy wrappers

o Nonstick cookware

o Stain resistant coatings used on carpets, upholstery, and other fabrics

o Water resistant clothing o

« Cleaning products

= Personal care products (shampoo, dental floss) and cosmetics (nail polish, eye makeup)
« Paints, varnishes, and sealants

Recent efforts to stop using some PFAS in consumer products appear to have lowered exposure in the U.SJ

population. CDC surveys have shown that blood levels of PFAS have dropped over time, People who work with
PFAS are more likely to be exposed than the general population,. Workers may be exposed to PFAS by inha:}tng

them, getting them on their skin, and swallowing them, but inhaling them is the most likely route for exp

How can | reduce my exposure to PFAS?
PFAS are found in people and animals all over the world. They are found in some food products and in the

environment (air, water, soil, etc.). Completely stopping exposure to PFAS is unlikely. But, if you live near squrces of

PFAS contamination you can take steps to reduce your risk of exposure to PFAS:

= Some states have warnings about eating fish from bodies of water with high PFAS levels. Check with your state

public health and environmental quality departments to learn the types and local sources of fish that aréf
to eat,

o [If your water contains PFAS, you can reduce exposure by using an alternative or treated water source for

drinking, food preparation, cooking, brushing teeth, and any activity that might result in ingestion of water,
« |tis safe to shower and bathe in PFAS-contaminated water. Neither routine showering or bathing are a significant

source of exposure. Studies have shown very limited absorption of PFAS through the skin.
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How can PFAS affect people’s health?

Scientists are not sure about the health effects of human exposure
to PFAS. Some studies in humans have shown that certain PFAS may
affect the developing fetus and child, including possible changes in
growth, learning, and behavior. In addition, they may decrease
fertility and interfere with the body’s natural hormones, increase
cholesterol, affect the immune system, and even increase cancer risk.

their effects on human health,

thyroid, pancreas, and hormone levels, Scientists are not sure what
animal data means about human health. PFAS act differently

in humans than they do in animals and may be harmful in
different ways.

How can | fearn more?
Contact 1-800-CDC-INFO for updated information on this topic.

Contact the Consumer Product Safety Commission
at (800) 638-2772 if you have questions about the products you use in
your home,

Visit the following websites for more information:

ATSDR Websites
http://www.atsdr.cdc.gov/pfc/index.html

Environmental Protection Agency

Notes

and Human Services
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= PFAS build up and stay in the human body and the amount goes down

- very slowly over time. So scientists and doctors are concerned about

» Some studies show that animals given PFAS have changes in the liver,

sulfonate

Perfluorohexane PFHxXS
sulfonate

Perfluorooctane PFOS
sulfonate

Perfluoroheptanoic PFHRA
acid |
Perfluorooctanoic acid | PFOA
Perfluorononanoic acid | PFN
Perfluorodecanoic acid | PFDA
Perfluoroundecanoic | PFUnA
acid

Perfluorododecanoic | PFDoA
acid

Perfluorooctane PFOSA 1
sulfonamide 4
2-(N-Methyl- Me-PFOSA-
perfluorooctane AcOH
sulfonamido) acetate

2-(N-Ethyl- Et-PFDSA-
perfluorooctane AcOH
sulfonarhido) acetate

http://www2.epa.gov/chemical-research/perfluorinated-chemical-pfc-research
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polyfluoroalkyl substances (PFAS)
Names and abbrevnatlons

This fact sheet tells you about chemical names within the family of
perfluoroalkyl and polyfluoroalkyl substances (PFAS) and their basic chemical
structure. It also spells out abbreviations for common PFAS.

PFAS are a family of man-made chemicals that contain carbon, fluorine, and
other elements.

The family tree image below, Figure 1, shows some of the different familjes of
PFAS. For simplicity, it does not include all PFAS subfamilies. Follow along -

starting at the “fallen apple” of PFC and then continuing up the tree trunk into
the branches.

‘Perfluoro-' ¢
alkyls

Figure 1. 5
Family Tree of g~

perfluoroalkyl and PFAS
polyfluoroalkyl
Substances
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PFC

In the past, scientists used the abbreviation PFC to stand for perfluorinated

chemicals.

However, using the abbreviation PFC can be confusing because it is alsg

an

abbreviation for perfluorocarbons. Perfluorocarbons are an entlrely different

family of chemlcals, also known as greenhouse gases.

The term PFC has fallen off the family tree, but it remains in the diagﬁ:ln;I
reminder of past use. You may still see informational materials using th
“PFC"instead of PFAS.

PFAS

Perfluoroalkyl substances and polyfluoroalkyl substances are called PFA
for short. The PFAS family includes hundreds of chemicals. The different
structures of the PFAS molecules are the basis for different chemical

properties and different chemical names. See Table 1 for abbreviations a
chemical names.

Table 1. Common PFAS: Abbreviations and Names

term

nd

as a

?&'bbr:e'vi'at{iﬁﬁ S ",:l._,-_'. N " Chemical name =% w s g F
PFOS : Perfluorooctane sulfonic acid

PFOA (aka C8) Perfluorooctanoic acid

PFNA Perfluorononanoic acid

PFDA Perfluorodecanoic acid

PFOSA (aka FOSA) - Perfluorooctane sulfonaminde

MeFOSAA (aka Me-PFOSA-AcOH) | 2-(N-Methyl-perfluorooctane sulfonamido) acetic adgid

Et-FOSAA (aka Et-PFOSA-AcOH) | 2-(N-Ethyl-perfluorooctane sulfonamido acetic acid

PFHxS Perfluorohexane sulfonic acid

Pagha
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This Public Health Statement summarizes the Division of Toxicology and Human Health Science’s
findings on perfluoroalkyls, tells you about them, the effects of exposure, and describes what you can|do

to limit that exposure,

- The U.S. Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites ir| the
nation. These site..s make up the National Priorities List (NPL) and are sites targeted for long-term federal
clean-up activities. Perfluoroalkyls have not been reported at EPA NPL sites; however, it is unknowj
how many of the 1,699 current or former NPL sites have been evaluated for the presence of
perfluoroalkyls. As more sites are evaluated, the sites at which perfluoroalkyls is found may increase|
This information is important because these future sites may be sources of exposure, and exposure to

perfluoroalkyls may be harmful.

If you are exposed to perfluoroalkyls, many factors determine whether you’ll be harmed. These include
how much you are exposed to (dose), how long you are exposed to it (duration), and how you are expgsed
(route of exposure). You must also consider the other chemicals you are exposed to and your age, se

diet, family traits, lifestyle, and state of health.

WHAT ARE PERFLUOROALKYLS?

Perfluoroalkyls are a family of human-made chemicals that do not occur naturally in the environment.
Thirteen perfluoroalkyl compounds are discussed in this profile. The names of these perfluoroalkyls are
as follows: perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluorododecanoic
acid (PFDoA), perfluorodecanoic acid (PFDeA), perfluorobutyric acid (PFBA), perfluoroheptanoic acjd
(PFHpA), perfluorononanoie acid (PFNA), perfluoroundecanoic ‘acid (PFUA), perfluorohexane sulfonic
acid (PFHxS), perfluorobutane sulfonic acid (PFBuS), perfluorooctane sulfonamide (PFOSA),
2-(N-methyl-perfluorooctane sulfonamide) acetic acid (Me-PFOSA-AcOH), and 2-(N-ethyl-
perfluorooctane sulfonamide) acetic acid (Et~-PFOSA-AcOH).

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.cde.gov/ Telephone: 1-800-232-4636
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Perfluoroalkyls are unique because they repel oil, grease, and water. They have been used in surface
protection products such as carpet and clothing treatments and coatings for paper and cardboard .

packaging. Some perfluoroalkyls have also been used in fire-fighting foams.

WHERE ARE PERFLUOROALKYLS FOUND?

Perfluoroalkyls can be released into the air, water, and soil at places where they are produced or used.
Perfluoroalkyls were made in large amounts in the United States. PFOA and PFOS are the two

perfluoroalkyl compounds made in the largest amounts. Companies have stopped production or have
begun changing manufacturing practices to reduce releases and the amounts of these chemicals in theif

products. Some facilities are replacing many of the perfluoroalkyls with other substances.

Perfluoroalkyls have been found in both air and dust; surface water and groundwater; and soil and
sediment. The highest levels of perfluoroalkyls in the environment are typically found near facilities that
have made or used these substances. Howeve.r, they have also been found at remote locations such as the
Arctic and the open ocean. They may be subject to long-range transport. Perfluoroalkyls are very stable
compounds and are resistant to being broken down in the environment. Perfluoroalkyls in the air are
expected to settle to the ground within days to weeks. Perfluoroalkyls may be carried through soil by

groundwater and flooding and become airborne during windy conditions,

HOW MIGHT I BE EXPOSED TO PERFLUOROALKYLS?

Exposure to perfluoroalkyl compounds is widespread. PFOA, PFOS, PFNA, and PFHxS were detected in
95-100% of samples of people’s blood in 1999-2000 and 2003-2004. More recent monitoring data still
show widespread exposure; however, the levels of these substances in people’s blood appear to be
declining. You may be exposed to perfluoroalkyls from the air, indoor dust, food, water, and various
consumer products. Food is expected to be the primary source of exposure to perfluoroalkyls such as
PFOA and PFOS for most people. Some communities near facilities where PFOA and PFOS were
previously manufactured had high levels of these substapces in drinking water supplies, and this is the

primary route of exposure for these populations. Limited information has been located regarding

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.cde.goy/ Telephone: 1-800-232-4636
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pathways of human exposure to most of the other perfluoroalkyls discussed in this toxicological proﬁja.
Human breast milk may contribute to the exposure of infants to perfluoroalkyls since these substance

" have been detected in human breast milk. You may also be exposed to perfluoroalkyls from treated
carpets and upholstery; this is especially true for children. The greatest source of exposure to PFOA and

PFOS for toddlers and children is hand-to-mouth activities from treated carpets,

People who work where perfluoroalkyls are made or used are exposed to higher levels of these substarjces
than the general population. Levels of PFOS and PFOA measured in the blood of some people who have

worked at these locations were higher than levels in people from the same communities who did not work
at these locations. Workplace exposure also occurred for people with jobs that required frequent hand}ing
or use of perfluoroalkyl-treated substances, such as carpet installers. At sites where aqueous film-forming
foam (AFFF) that corﬁained perfluoroalkyl substances. was used in firefighting, workers could be expoLed

to these substances and possibly transport them home from contaminated clothing,

HOW CAN PERFLUOROALKYLS ENTER AND LEAVE MY BODY?

Perfluoroalkyls can enter your body if you breathe air, eat food, or drink water containing them.
We do not know how much will enter your body through your lungs or your digestive tract. If

your skin comes into contact with dusts or aerosols of perfluoroalkyl or with liquids containin

uq

perfluoroalkyls, it is possible that a small amount may enter the body through your skin.

Once in your body, perfluoroalkyls tend to remain unchanged for long periods of time. The most
commonly used perfluoroalkyls (PFOA and PFOS) stay in the body for many years. It takes
approximately 4 years for the level in the body to go down by half, even if no more is taken in}
It appears that, in general, the shorter the carbon-chain length, the faster the perfluoroalkyl leayes

the body. Perfluoroalkyls leave the body primarily in the urine.

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.cde.goy/ Telephone: 1-800-232-4636




\ﬂ"‘-"'l},

_/@ DR PUBLIC HEALTH STATEMENT

AvENgY FOn 'ﬁﬁé&“};"““ Pel"ﬂll OrOall(YIS

|
Division of Toxicology and Human Health Sciences August 2015

HOW PERFLUOROALKYLS CAN AFFECT YOUR HEALTH?

A large number of studies have examined the possible health effects of PFOA and PFOS in humans. The
effect of inhalation exposure to PFOA and PFOS has been examined in workers exposed to high

concentrations of these compounds. Studies have also examined a large community exposed to high
levels of PFOA in the drinking water and compared this community to the general population; ingestion
was the primary route of exposure for these two groups. Most human studies have looked for a
relationship between levels of perfluoroalkyls in the blood and a health effect. It is difficult to interpret
the results of these studies because they are not consistent; some studies have found associations, but
others looking at the same health effect have not found these associations. Even though some studies

have found significant associations between serum perfluoroalkyl levels and adverse health effects, it

does not mean that perfluoroalkyls caused these effects. The effects may have been due to other factoy
that were not considered by the researchers. The available studies suggest that increases in blood

cholesterol levels are associated with higher PFOA or PFOS blood levels in workers inhaling PFOA
and/or PFOS as well as in people ingesting these compounds, There are data to suggest an association
between serum PFOA and PFOS levels and increased uric acid levels, which may be associated with a!n
increased risk for high blood pressure. There is also some evidence that PFOA and PFOS exposure may

cause liver damage.

Humans and rodents react differently to PFOA and PFOS, and not all of the effects observed in rats and
mice may occur in humans. The liver appears to be the most sensitive target in animals ingesting
perfluoroalkyls. The effects include increases in liver weight, changes in the liver cells, and changes in
blood cholesterol and triglyceride levels. Studies in mice also found that the immune system is a
sensitive target of PFOA and PFOS; effects include decreases in the size of the spleen and thymus and

impaired immune function.

A short exposure of rats to very high levels of PFOA in the air caused irritation of the eyes and nose.

Damage to the liver and weight loss were observed in rats exposed to lower levels of PFOA in the air.

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.cde.gov/ Telephone: 1-800-232-4636 3 ’ .
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Short-term application of large amounts of PFOA. to the skin of animals has caused skin irritation and
changes in the liver. These liver effects indicate that PFOA can be absorbed into the body through the
skin and affect other parts of the body.

There is limited information on whether perfluoroalkyls can cause cancer in humans, Some increases in
prostate, kidney, and testicular cancers have been found in workers or in community members living near
a PFOA facility. These results should be interpreted cautiously because the effects were not consistenjtly
found and most studies did not control for other potential factors such as smoking,. -Feeding PFOA and
PFOS to rats caused them to develop tumors. Some scientists believe that, based on the way this happgens

in rats and the differences between rats and humans, humans would not be expected to get cancer, Others
believe that it is possible for perfluoroalkyls to cause cancer in humans, and the studies in rats should pot

be dismissed. More research is needed to clarify this issue. The International Agency for Research or’x
Cancer and the Department of Health and Human Services have not yet evaluated the carcinogenicity of

perfluoroalkyls. The EPA has begun an evaluation.

HOW CAN PERFLUOROALKYLS AFFECT CHILDREN?

This section discusses potential health effects of perfluoroalkyls exposure in humans from when they’te

first conceived to 18 years of age, and how you might protect against such effects.

No associations between serum PFOA and birth defects were observed in children of mothers living i} an

area with high PFOA levels in the water. Some studies of the general population and people living near a
PFOA manufacturing facility have found that higher levels of serum PFOA or PFOS are associated wi;

lower infant birth weights. However, the decrease in birth weight is small and may not affect the infalt’s
health, A study in children exposed to high levels of PFOA in drinking water found increases in blooc

cholesterol, which was similar to the findings in adults.

Birth defects were seen in mice born to females that ingested relatively high amounts of PFOS during
pregnancy. The blood PFOS levels associated with these effects were at least 10 times higher than the
highest PFOS levels measured in workers. Oral exposure to PFOA and PFOS has resulted in early death

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.cdc.gov/ Telephone: 1-800-232-4636
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and delayed development of mouse and rat pups, but this did not occur in animals exposed to PFBA or
PFHxS. Alterations in motor activity have also beeﬁ observed in mouse pups exposed to PFOA, PFOS,
or PFHxS, but not PFDeA. Scientists believe that some of the effects observed in rats and mice exposed
to PFOA or PFOS may not be relevant to humans.

HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO PERFLUOROALKYLS?

If your doctor finds that you have been exposed to significant amounts of perfluoroalkyls, ask whether
your children might also be exposed. Your doctor might need to ask your state health department to

investigate.

In the past, some perfluoroalkyls such as PFOA and PFOS were used in the manufacture of many
consumer products, and low levels of these substances were detected in things such as treated carpeting,
treated apparel, and paper food packaging. Companies are no longer using PFOA in the manufacture pf
non-stick coatings or PFOS in the manufacture of stain resistant carpet treatments; however, older
products and imported materials may still contain these substances. Families may choose to use prodicts
that do not contain pre-treated stain repellent products or grease resistant food packaging. Families that
have been told that their tap or well water contains high levels of perfluoroalkyls may choose to drink jor
cook with bottled water or to install activated carbon water filters in their drinking water system.
Consuming bottled water and the use of activated carbon water filters have been shown to lead to lower

PFOA levels in the blood over time by decreasing exposure to perfluoroalkyl compounds.

ARE THERE MEDICAL TESTS TO DETERMINE WHETHER | HAVE BEEN EXPOSED TO
PERFLUOROALKYLS?

Perfluoroalkyl compounds can be measured in blood, but this is not a routine test that can be performed in
a doctor’s office. You should, however, see a physician if you believe that you have been exposed to high
levels of perfluoroalkyls. Perfluoroalkyls have been measured in blood samples in 2009-2010 froma
representative sample of the U.S, general population; the geometric mean serum PFOA and PFOS
concentrations were 3.07 and 9.32 pg/L, respectively. Elevated serum PFOA levels were reported in

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.ede.gov/ Telephone: 1-800-232-4636
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Mid-Ohio Valley residents who had environmental exposure to PFOA from drinking water contamindted
by a nearby industrial facility, The range of median serum PFOA levels across several communities was
12.1-224.1 ng/mL and the mean serum PFOA concentration across all of the communities was 83.6 pg/L
in 2005. Higher serum perfluoroalkyl concentrations have been reported in fluorochemical product
workers, Mean serum PFOA and PFOS levels for at one facility were 1,780 and 1,320 pg/L, respectiyely.
Worlers at another facility had serum PFOA levels of 1,000 pg/L.

WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT|
HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health. Regulations
can be enforced by law. ‘- Federal agencies that develop regulations for toxic substances include the
Environmental Protection Agency (EPA), the Occupational Safety and Health Administration (OSHA]),
and the Food and Drug Administration (FDA). Recommendations provide valuable gui_delines to profect
public health but cannot be enforced by law. Federal organizations that develop recommendations fol
toxic substances include the Agency for Toxic Substances and Disease Registry (ATSDR) and the
National Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed as “not-to-exceed” levels; that is, levels of a toxic
substance in air, water, soil, or food that do not exceed a critical value usually based on levels that affect
animals; levels are then adjusted to help protect humans. Sometimes these not-to-exceed levels differ
among federal or_ganizations. Different organizations use different exposure times (an 8-hour workday or
a 24-hour day), different animal studies, or emphasize some factors over others, depending on their

mission.

Recommendations and regulations are also updated periodically as more information becomes available.
For the most current information, check with the federal agency or organization that issued the regulation

or recommendation.

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry
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The EPA has recommended provisional drinking water health advisories of 0.4 pg/L for PFOA and
0.2 pg/L for PFOS. OSHA has not set any legal limits for perfluoroalkyl compounds in air. NIOSH has

not set any recommended limits for perfluoroalkyl compounds in air.
WHERE CAN | GET MORE INFORMATION?

If you have any questions or concerns, please contact your community or state health or environmental
quality department, or contact ATSDR at the address and phone number below. ATSDR can also proyide
publically available information regarding medical specialists with expertise and experience recognizipg,

evaluating, treating, and managing patients exposed to hazardous substances.

e (Call the toll-free information and technical assistance number at
1-800-CDCINFO (1-800-232-4636) or

e Write to:
Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences
1600 Clifton Road NE
Mailstop F-57
Atlanta, GA 30329-4027

Toxicological profiles and other information are available on ATSDR’s web site:

http://www.atsdr.cdc.gov.

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service
Agency for Toxic Substances and Disease Registry

www.atsdr.cde.goy/ Telephone: 1-800-232-4636
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UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY

REGION I REQION Vv
1880 ARCH STREET 77 WEST JACKSON ROULEVARD
Pmum PA 18103 CHICAGO, IL sen0d
INTHE MATTER OF: )
' ) ORDER ON CONSENT
)
E. L du Poot de Nemours )
and " ) Proceeding under section 1431 @)
) of the Safe Dnking Water
) 42U8,C. § 3001(a)(1)
Washington Weeks Facility }
Route 803 ) Docket Not. SDWA-03-9002.001 9,
Washington, WV 26181 ) SDWAM&OOE—&?&‘
L STATUTORY AUTHORITY

1. This Order an Consent ("Order) hhmdmmbﬂ:cmﬂmityvemdinnha

of the United Staney

("EPA") by Section

Administrator Protection Agency
1431@)(t) of the Saf Drinking Water Act SDWA”), 42 US.C. § S00H(a) (1),
2, The wuthorily to Mﬂﬁlc&d&mddqah:d_tuthnﬂadmml Administrators by

Delegstivn No.-9-17, dated May 11, 1994,

o i UuduhSDW&mmehHAwnm{qforﬂnmﬁouo{
public water supplisy xud drinking water sources,

IL. DEFINITIONS

4, Th:tem"UndmwﬂSmofDrhﬂ&n;Wm‘ ("USD'W*) means an “apuifer” or
impattio:nwhidmppﬂuapuhﬁcmmrm')mwiﬂthmmimamfﬂduuqmﬂzyuf

ground water to supply a PWS and which
consumption, or contins fewer tun 10,000

emrmﬁymmﬂuﬂﬁrﬂdn;*z&rfarhmu

milligearss per Siter (mg/l) total dissotved wolidy, and |3

bot an ckempied aquifer, Sec40 CFR. § 1443,
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. FINDINGS OF FACT AND CONCLUSIONS OF LAW

5. E.Lanunld:Nammdempmylnmponmd uPorit”), is a

D
;n;tngﬂtllagﬂma person” vdtbinthummnxolSeeﬂnuMM(l!)ufﬁnSDWA, 42U.35.C

6. DuPont owns and m:mzmﬁdmin:fniﬁty,m:fhnwmm;tmwﬂrh
{"Facility"), located in Washington, Wood Courity, West Virginie.

7, Ammonlum perfluoronctanocate, CAS Number 3825-26-1 (heresfter "C-S"},laa
perflucrinated surfactant that DiPont hes wed in its Buoropolymenreluted moanufacturing
processes at the Facility since the carly 1950s.

8. Residites containing C-8 grnierated by the Facility are or have been releaicd @ the air,
dischatged to the Ohio River, disposed of ot the Facility, Dry Run and Letart landfills in West
mvwﬂ'un;;&wl;mh’!ﬁmm' shipped off-ste for destruction and/or disposal inchuding

9, Studies performed by DtiPont and Minnesots Manafactsning and Mining Carporation
(2 manufachurer of C-8) ("IM™) have detcrmined that C-8 in sufficient doses, Le., consigering both
amotnt and duration of exposure, is toxic o anlmals throtgh ingestion, inhalation and dermal
contact, Sinddisy have also found that C-8 is persistent in Iniinans and the environment. EPA is
mdnd&}mamdmﬁmyhmﬂméumduhTﬁcsmmcmm
(*"TSCA").

10. Recently, C-8 has been detected in the tnderground source of drinking water vsed Io -
wupply the fallowing locations, at the following levels :

Lubeck, WV, PED: 0.8 microgramy/ter (ug/l)
d {1* quumrter 2000)
Pucility Production Wellst 1.99 uyl (Well 836, 1998)
1.45 ug/] (Well 333, 1999)
Pacility Drinking Witer Topt: 0.213 vg/l (Building 5, 1999

0.496 ug/ (Building 293, 1999)
0.306 ug/l (Buildlng 231, 1999)
0,135 ug/l (Building 368, 2000)

Liale Hocking, OH, FWS! 1.840 ug! (Well 1, 12/01)
8.780 ug/l (Well 2, 12/01)

. 0.855 ug/l (Well 3, 12/01)

7.690 ug/t .(Well 5, 19/01)

1730wl (Well 1, 1/02)

2,970 ugll (Well 3, 1/02)
0.744 ught (Well 3, 1/02)
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6220 ul (Well 5, 1/09)

11, Althotigh recent sunpling shows lower levels, grotndwater date from Letort hndfll has
shown C-8 concentrations as high as:

On-site monitoring well MW1 24,000 ug/l (1998)
Gﬂﬂmnﬁknﬂn'waﬂmn 990 ug/ (1998)

Private welle nesr the Letart landEl when tested for G- i 2001 showed levels of 0,42 ugh,
0.996 ug/l, and 0.085 ugl; tap samplex from the only well bn the arex of Letzrt landfil which is
fgnn;n&yhm;:mpplydMnHWMowml ug, 0.046 ug/l and 0,053 ug/
icile sarmple). -

1% m&ﬂ&mh&r&wh;mmhqhﬁkﬂybemua
FWS or an USDW through the saigration from air emissions, surface waber discharges or from
unlined landills, and may peesent an imminent 2ud submtantial endargerment ot fevels exceeding
14 ugl in water used for human eonswmption beand o "A Harard Nitrative for
Perlluorooctancate (PFOA)" a [mal report prepared by ENVIRON International Corporation,
Junuzry 24, 2002 (teteafter “ENVIRON report’) for DuPont.

18. DuFont, the West Visginia Depariment of Environmentsl Protection("WVDEP*), xnd
thi: West Virginia Department of Health and Human Resotirees ("WVDHHR”) have etitered in
an agresment on consesit "WV Order®), dated November 15, 3001, attached hereto, which
pravidea for, interaly; a boxicologial wnd hiran hegith tisk sssestment of C-8 1o be condueted
under the yupervision of 2 C-8 Assessment of Toxiclty ("CAT') Team pursunnt to the WV Order,
a8 well as ground snd surfoes water monitoriog and plume [dentiication. DuPont, jn a letter dated
Fobruary 11, 2002, atached hereto, also ayreed to perform sanpling of peivate and public ground
water wells within & 1-mile radius of the Liitle Hocking, Ohlo PWBS well ficld, following the
protocol establishied In the WV Order. (Herealier, the sumpling required by the WV Order ami
&alddiﬁmﬂmmﬂhtwmbyDanwmbemfendhu'ﬂmﬂnﬂnwvmn'}

14. C-8 s currently not 4 contuninant for which 2 nations! primnary denking waier
regulation has been established purmuant to the SDWA, howeyer, for the purpose of this Order,
DuPont and EPA agree to use the level of 14 ug/l C-8, ax set forth in the ENVIRON repost, as the
temporary theeshold level for provivion of aliemate water a8 required by paragraph 17 of this
Order,

16. DuPont and EPA Further agres to lise the wterting level for C8 to be established by
the WV Order aa the therahold level for the provision of altemate water required by paragraphs 18
through 28 of this Order, in licy of ts level set forth In paragrophs 12 and 14 of this Order.,

16. EPA has consulted with the WVDEP, WVDHHR, the Olio Environmental
Protection Agency (*ORPA?) and the Ohio Department of Health ("ODE®) to conbirin that the
information on which this Order is basad is correct and to sscerinin the action thet the stabe and
local authorites are or will be taking. WVDHHR, OEPA, and ODH have requested that EPA
ke this aciion.  EPA has concluded thatall requisite eonditiond have been satisfied for EPA
getion under Section 1481(z)(1) of the SDWA, 43 U1.5,C. § BOGi(a}(1).
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IV. ORDER ON CONSENT

Purmuant to the authority ssued to the EPA Administrator by Section 1431 (1) of the
SDWA, 42 U.S,C. § 300iR)(1), and delegated to the Regional Admiristrators, DuPeont iy
ORDERED and beraby cotents to the following:

Prosision of Al Driokine Wi

17. As so0m 2 practicable, but net Litet than Gfteen (15) days following receipt of validatad
sunpling results performed jn aceordance with the WV Order for sampling in WV/ OH, DuPont
chall provida a tmporary ulternate drinking water supply for usera of any private drinking water
wvrell and FW3 in West Virginia or Oltlo where such results show the Jovel of C-8 exeseds 14 ug/l.
A "temporary altemate donking waber tupply” ahall mean esnmnection bo & PWS, connertion 1o 2.
new water well, adequarely treated water or water from soms cther sotiree, nciuding bottled water
or bulk water from 2 tank truck that meshs the water quality requitemends of 40 C.F.R. § 141 wnd
has n leved oF C-8 no greater than 14 ug/; is in sufficient quantity for all ressonable dotestic nses

. inelyding drinkivg and cooking; and is provided in a minner convenient to the users, DuPont -
shall contitie to provide this temporary alteenate drinking water supply uatll DuPont fully
implements the Alternate Drinking Water Plan ptinuant to prragraphs 18 throtgh 28 of this
Order. DoPont thall be responsible for aif operation and maidenance costs of the sitsruste
drinking waler supply.

18. As soon ns practicable buk not later than thitty (30) days shier 2 determination by the
Groundyrater Investigation Stzeting Team (*GIST™) extablished pursusnt to the WV Order that a
privaie drinking water well or PWS$ in West Virginiz or Ohio containg C-8 st levals greater than the
screening level developed pursuant to the WV Order, DuPont shall submit to EPA for approval,
and to WVDEHR, WVDEP and OFPA, as appropriate, for seview, 2n Altetnate Drinking Water
Plan which identifies all actions necessary to ensble DuFont to fillly comply with the requi
of paragraph19 through 23 of this Order. The Alternats Diinking Water Plan shall inclnde 2
schedule of implernentation for nuch actions.

19. The Alternate Druking Water Plan shall provide that:

. & DtPont shill assure the providon of an altarnate pply of drinking water to all
wiety of any PWES and any private drinking water well in Weeat Virginia-or Ohio, identified
puritant to wrmpling i WV/OH, wher, and for 5o lony as. the level of C.8 sxceeds the screening
level developed pursuant to the WV Onder,

. b. Such levels shall be determined by monitoring performed usiog a test procedure
established by the GIST pursuant to the WV Order, Such alternate supply of drinking water is to
be provided at no eost to the nsers of such FWS or private dtinking water wells, except for usual
service fees incurred by users of a FWS, |

e, DuPont will provide notice to all users of such PWS and private drinking water
wells of the availability of the aliernate supply of drinking water.
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d. An “alternate stipply of drinking raber” sholl mean cortnection to 2 PWS,
connection to tew water well, edequately trexted water or water from some other source,
acceptable to EPA, that meety the water quality requirements of 40 CF.R. § 141 and has a kovel of
C-8 1o greater than the screening level establldied porsuant to the WV Order; in in sufficient
quantity for all reasonable domestic uses Ineluding drinking and cooking and I provided ina
mamner convenient to the users. DuPont shall be responsible for all operation and maintensnes
coits of the alternate supply of drinking water for the dittation of operation purauant to this Onder,
unleas the alternute supply of drinking watsr is provided by commection to a FWS,

20, Following the Initial submittsl of the Alternate Drinking Wider Plan by DuPont, i
FPA, in consultation with WVDHHR, WVDEP, and OEPA, a3 approptiste, determines that
modifications are necessary to DuPont’s Altemnate Drnking Water Plan, DuPont shall raeke such
modifcations e4-EPA may specify to satisfy the requirements of this Order and submiit 2 revised
Altetnate Drinking Water Plan within forty fve (mal:ndlrdaaltfmﬁﬁuﬁnnbytl’&

21. Upon EPA's approval of the Aliernste Drinking Water Plan (or revised Alternsie
Drinking Water Flan, a8 the case may be), DuPount shall implement, in accordance with the

approved schadule, any aud all actions necessary to comply with the requisrements of persgraphs
18-20.

92, Within thirty (30) calendar days of EPA’s approval of the Altemute Drinking Warer
Plan (or revised Alernste Drinking Water Flan, as the case may be), and quasterly theresfter,
DPont shail submit tv EPA, WYDHHR, WVDEP, and OEPA, written rapotts stmmarieing all
actions taken in aceardance with this Order (" reporty”), DuPont shall continye to submit
mmmmwuwanwﬁ:’u writtan notice that the reports are no jonget
mnem.ordﬂ(hdalaumhmd

anmw%mhmm&mmm
which shall be signed by a responyble-corporate officer:

1 certify under pemabiy of law that this documient and il atachments
mwepm:dundumyd&ucﬂmorwhmdﬂm;m

cenmee gyt dealgned 1o dasive that qualified personmel properly
Mmmmwmwmmy
inquiry of the person or persons who mmatae the system, or those
perwons direetly respotible for gathering the information, the
information submiited is, to the best of my knowledge and belief,
troe, 2ecurate, and complete. I am aware thot thers are significant
pmlbuﬁruhﬂ&haﬂamhmﬂm.lndmﬁmﬂmpudhﬂuy
fines and iinprisonment for knowing violations,

For purpores of this Order, a responsible corporale officer shall be () 2 president, seoretary,

treasurer, or vice-president of DuPont in charge of a principal business funiction, ormyother
persan who performs similar policy- or decition-making funictions for DaPont, or @) the manager
of the Pacility, if the Facllity etiploys more than 250 persons or has gross annual sales ot

91 Zvee-11-tM
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cxpenditures exceading $25 million (in secorud quareer [980 dollary), if authority to sign
decuments has been delegated to the manager in eerordance with corpoidte procedures.

29. All submittaly, including reports, required tnder this Order shail be submitied to the

following rddresscas:
| Asto EPA:

As w WVDHHR:

As to WVDEP:

As to OEPA:

Egis8a°d

Roger Reinliart (SWP32)
U.S, EPA Region I

1650 Arch Street ;
Philudelphis, PA 19103-2029

Kelley Mooes (WG-15)
U8, EPA Rogion Y

77 West Jackion Boulevard
Chicapo, IL 60604

Vidor Wiliord .
Division of Envirormenta] Fagincering

. Office of Envircnmentn] Hexlth Services

Departmant of Health snd Human Resources
B15 Quurrier Stresd, Suite 418
Chadeston, WV 25801

David Watkins

Ground Water Protechion Section
Division of Water Resources

West Virgitiin Department of Envirouxeents! Protection
1201 Greeabrier Streat

Chaorleston WV 25901

Michae! Baker

" Division of Drinking & Ground Waters

Ohio Environmental Protection Agency
122 South Front Street
Columbus, OH 49215

va:91 Zeae-TT
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V. GENERAL PROVISIONS

24; DuPont admits the juristicions] allegations set forth herein and waives any de (i
mfnht.h.ncashujmiﬁi:l:hnmdmmdmunntbwmmdﬂnm:nnf?rm?m
conclusions of law hercin in any action to caforce this Order, Excepst 21 lo any procesding heought
by EPA o enforce this Order, in agreeiny to this Order DuPett makes 1o admission of fuct or law
nnd reserves all rights and defenses available regarding liability or responsibility in any other legal

proceeding refated (o the stbject matter of s Ozder.

.25, This Order shall apply to and be binding upon DuPant and it agents, siccessors, and
assigns,

265. This Order may be modified ooly upan written consent of all partics.

27. Nothing in this Order shall be comatrued a probibiting, alterivg or in any way
eliminuting the ability of EPA to seek any other renwaies or sanciions available by virtue of
DuPont's violations of thix Order or of the statiten and regulations upon which this Order is bussd
orior DuPonts violatfon of any spplicable provision of law.

98, This Order shall not yelicve DuPont of iz obligution to comply with «Ml applicable
proviztions of fedenil, state or local law, nor thall it be construed to ba a ruling on, or determitation
of, any lssue related to any federl, state or local permit.

%9. Nothing in this Order iy itttetided to nor shall be conatrued to operaée in any way to
rvesolve aity erimingl Rability of DuPont. Complisnice with this Order shall not be a defense to any
actions submequently comcnced for any vidlation of federal s and regubations edministered by
EPA, and §t is e responsibitity of DuPont 1o comply with such laws and regulations. EPA
reserves the right ta undartakie action agtinst eny person, including DuPont, ik response to any
condition srhich EPA determines may presest an imminent and substantia] endangerment to the
public heulth, public welfare or the environment.

30. The undersigned representative of DuPont cestifies that he is fully suthorixed
DuPont to sxter into the erms and condifions of this Order and to exectite amud legally bind that
party to it g

31. Pursuant to Sestion 1431(b) of the SDWA, 42 US.C. § 800i(b), violation ol arny tetin
of this Ordler, or failure or refusal to comply with this Order, may subject DuPont to  civil penalty’
of up to $15,000 per day per violaton for each such day In which a violation occurs or failure to
comply continues, ns assessed by ant appropriate United States Diatrict Court.

32. ‘When DuPont knows or should have known, by the exerdse of due diligence, of an
event that mighe delay completion of any of this Order, DuPoat shall provida notice
to EPA, in wiitiug, withis ten (10) buriness days after DuPont first kaew, o7 in the exerdise of due
diligence, should have known, of such event: The notice shall describe in detzil the basis for the

delay, including whether it is 2 Farce Migjetre event, and deseribe the length of, precise cause(s) of, |

and mepsures to be taken to prevent or minimize such deley. I EPA agrees thet auch event
vonytitutes Force Majeure, EPA shall extend the time for perfarmance of such requiroment, in

' P19 ZEEE-T T2
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writing, o comypansate tor the delxy caused by the Fores Mojeure evant. DuPont’s Eallom w potity
EPA I accordsncs with thls paragrapt shall reoder this persgraph void wnd of na effect. Por
pucposes of this Ordder, Pares Muzeure jo dafnsd 13 yu evesst wisitig from the crines beyorid the
cuutrol of DuPoor, and any enthy controlled by DoPont, which delays of prevents the )
performense of wny obligaion vl s Order, Thandelpand o increesed cosls or axpenses
associuted with, tha implemeniston of this Order and dlnuged Giyuchsl shutsittnioss, Shire o
apply for n raquirad permis ox spproval or i provide in 8 thney mauner W loformarion o obtais
n. peeenit or approvl or e ohteiy or Pprove contacty, shall uot, i agy cvent, constitute Moe
Majmire b Dulont reservas what ever rghts (> vaey have bo dieparte EPA’s determicstion
3 particular event does nok constinte Foree Majeline 21 nay uction to enforos this Order,

23, This Order whall be effertive upon exezution by all partiag, This Crder shall remain
effect unhl DuPaont fulfills its obligations pursuant io 17 through 28 hercin, mbmiss 2
wrltten request. ts EPA to teerpinate thiy Otder, and EPA striroves such texminstion requet.

34 This Conzent Qrder mey be execitted in eng mirtiber of counterprait originels, each of

witich shalt be deeted o constittite an original sgrsedient, sod wil of'which shall constinste oue
agreement. The cxecuon of ooe counbapect by any party shall have fhe sime fotes and «fect as '
if thar pearty had atgned #fl athier contterpasty,

25 AU ol the pretos 2ud condions of this Order ogether comprise ons agreement, snd
each of the terms and conditions ls in consideswion alull of dx olleer kermy end conditorns. Tn
the wvent thae, ihis Order; ot ono oc meore of 1ty terms and conditions, i hald Ihvalid, ot je s
dveeuted by nll of the simaterias fn idevinon] Form, o i tiot gpproved in such identical Foeon by she
Reglonal Administrators, e the antire Oedar shall ba sadl snd wold,

SO ORDERED: ) '

Danald 5§, Wiedsh
Reglonal Adminievratos
U.S. Eaviroroncutal Protection Agesxy, Neglon M

/]\”_\1%,—- o 3 ran- | -

Thardgs V, Skinner
HU‘WJ m ]
118, Favimamenial Profession Apenry, Reglon V

Lim1°d S9:91 Zoee-Ti-atd
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31 290d

writing, to compensate for the delay caused by the Force Majeure event. DuPont’s failure to notify
IPA in sccordanee with this parsgraph shall render this peragraph voidl and of no effect, For
pusposes of this Order, Force Majeure is defined 2y an event ariving from the canses beyond the
cotitrol of DuPont, and any estity controlled by DyPont, which delays or prevents the
performance of any cbligation under this Order. Ununticipated or increased costy or expenses
associsted with the iImplerentation of this Order and changed finanaial circumetanees, frilure to
apply for & required permit or approval or to provide (o a timely marmer sil information to obtain
a permil ot approval or to obiein or approve contracts, thall not, in aoy event, constitute Fotee
Majeurs events. DuPont neserves what ever ghts it may have to disputs EPA’s detetrtirtion that
a particilar event does not constitute Force Majetire in any sction to-éinforee this Order,

33, This Order shall be cffective tpon axeciition by all partics, This Order shall remsin in
effect until DuPont Folfille i obligations pursiamt to pxragtaphs 17 through 93 herein, submit 2
weitten request to EPA to teeminate this Order) and EPA approves such keemination request.

34. This Consent Order may be executed i anp munber of countavpart originals, each of
which shall be deemed to constitute an original ygreement, and ol of which shall conatitute: one
ngreemerit. The execttion of one counterpatt by any pacty shall hava the same force and effect ay
if that party had signed all other countarpasts,

85. Al of the terms sud candition of this Order together comprise one agreement, and
each of the terms md cohditions s in coulderation of all of the other terme and codditions. 1n
the event thut this Order, or ote or more of {its termy and conditions, is held invalid, or bs ot
pitecited by all of tha tighatories In identical Form, or is notapproved in surh identical form by the
Resiont] Adminisators, then the entire Order shall be null snd vold.

S50 ORDERED:

. ‘. . m 1 w
A@@%‘Zﬂ%c_ Dates
Donald 8. Wi ;

Regional Adminlsrator )
1.8, Environmental Pmtmimhmjf. Hegion 1

Thomay V. Skinier
Regional Administrator )
U.S. Environments! Protection Agency, Reglon V
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AGREED TO:

YAk G Brssscd N Pussl 4 3001

Plant Manoger, Washington Wotks Pacility
E. 1. du Pont de Nemours and Company, Itcorporated
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CERTIFICATE, OF SERVICE

I certify that ou the dato noted balow, I delivered by hand two coples of this Otder on

Consent to the Regional

below as indioxted:

V1A CERTIFIED MALL
RETURN RECEIPT |

REQUESTED

Dated: 271/ /2 5~

£I/Al'd

F1 FHd

Berard J. Rellly, Esq,

1007 Market Street
Wilmington, DR 19898

Paul Bossert, Plant Manager
DuPont Washitgton Wotks Pacilly

Routs 892
Washington, WV 26181

DuPont Legal, Room D 7082

Jutxct . Shatkn (3

Hearing Cletk, U.8. EPA Reglon 111, mid one copy to the sddreasces

EC00)
Senlor Awst. Reglonsl Cotinset
Offics of Enforcemont, Complisncs,
and Envitonmentsl Justice

EPA, Reglon I
1650 Arch Street

Philsdelphia, PA 19103.2029

92:91 2e82-T1-3

PLVS Vil S0e @-5808-1 "IMINDINANd:Al .SF:4T 20, TT-€0 681 *oN

GAAOC

T4

1545




EXHIBIT E
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vEPA DuPont Agrees to Lower|Limit

United States
Environmental Protection

Aqeaoy Of PFOA in Drinking Water
DuPont Washington Works '
Parkersburg, West Virginia March 2009

A new legal agreement between U.S. Environmental Protection Agency and
E.l. du Pont de Nemours & Co. will lower the limit of PFOA in drinking
water for people who live near DuPont’s Washington Works facility in
Parkersburg, W.Va. Under terms of the agreement — known as af“‘consent
order” — DuPont will offer water treatment or bottled water to pgople on
public or private water systems when the level of a chemical called PFOA —

IR : also known as perfluorooctanoic acid or C-8 -~ in water supplies reaches 0.4
The 2009 consent order is parts per billion (ppb).

available at:

www.epa.gov/regionS/water/gwd EPA's Office of Water issued a Provisional Health Advisory (PHA) in

w/dupont/index.htm January for PFOA that establishes a reasonable, health-based value above
which action should be taken to reduce exposure to PFOA in dripking water.

The 2006 consent order is The time frame for action is short-term — meaning weeks to months. This

ﬂva]]ab}c at: .- . : PHA prompted the new agreement to lower the allowable concentration of

PFOA in drinking water from 0.50 ppb to 0.40 ppb in communities near the
Washington Works facility, If affected homes cannot be connectpd to a publi
water system or a treatment system within 30 days, DuPont musf offer bottle:
water, People who live in the PFOA-contaminated water areas affected by th
new action level may reduce their exposure by not drinking the Water until

WWW, cpa.gov!mgloosicnforceme'_' :
.'ntiﬂupot order pﬂf -

114 H-_(]

For 1nformatmn on the PFOA

S.tewardshlp Progra.n} and on'the . treatment systems are installed, or they are connected to a public|water
risk assessment activity see: system.
www.epa.gov/oppt/pfoa.

EPA expects a limiled number of residents will be affected by the new action
level, Current data identifies about 14 privaie residences that may need a

For reference materials and . treatment system installed or connection to a public water system. If these
information on the C-8 Health residences cannot be connected to a public water system or treatment system
I Pro vject, res:dents md, physwxar‘.ts within 14 days after the order is signed, then DuPont must offer alternative

water. In addition, there may be a small number of private drinkipg water
wells, installed after 2006, that need to be tested for PFOA. EPA [is also

assessing monitoring data and other information to determine if there are any
previously untested areas that need to be surveyed,

“cdh ;e.fer to; the docgments
-available'on’ ?heée Websitesy: " -
WWW, odh.ohlo ﬁ:ovfocihPrograms!' '

eh/hlth_as/chemfs].aspx and
www.c8healthproject.org Under a 2006 consent order, all public and private water systems that had
PFOA levels above 0,50 ppb were offered alternative water or treatment, and
DuPont is maintaining the alternative water or treatment at those
today.

people, indicates the average PFOA levels in the bloodstreams o
the affected communities to be about 28 ppb. These values are sti]l much
higher than the average 5 ppb level found in the national populatipn,




al

The 2006 order also relied on other studies that
demonstrated various kinds of toxic effects on
experimental animals. EPA believed the results were a
concern for public health, EPA’s Office of Water used
new information, an advanced risk assessment technique
and a different principal study from the one used in 2006
to establish the new national limit for PFOA of 0.4 ppb.

Boiling does not remove PFOA from water. Thal is done
by treatment with granular activated carbon. Where this
treatment has been installed in a water system, consumers
are receiving water with either undetectable PFOA levels
or very low concentrations of .003 ppb, well below the
0,40 ppb action level, All of the area’s large public water
systems, including Belpre, Little Hocking, Lubeck,
Mason County, Tupper Plains/Chester and Pomeroy, are
already treating water for PFOA.

As for private water systems — primarily water wells for
private homes — since 2006 DuPont tested a large number
of systems and either connected them to a public water
system or installed treatment equipment on 50 systems
that had PFOA levels of 0.50 ppb ar above.

Order requires expanded survey

DuPont is required under the terms of the new consent
order to survey geographical areas defined by EPA to
determine if additional public or private water syslems
contain water that excecds the new 0.40 ppb PFOA
action level, These areas will be further evaluated and
refined in consultation with Ohio and West Virginia
officials as analytical data become available. Residents
with newly drilled drinking water wells or wells not
previously tested for PFOA may be eligible for sampling.
They should contact EPA at 866-575-8543,

EPA does not certify labs for analysis of PFOA. Due to
the complex nature of analytical procedures for this
substance, EPA strongly encourages residents to allow
DuPont to sample their water.

There is no consensus on how PFOA may affect people.
However, concerns have been raised because of data
from animal experiments and data from blood samples

from people who live near the Washington Works

facility. More studies are in progress but results may not
be available for several more years. In the meantime, the
new action level will reduce local exposure to PFOA

- from drinking water and reduce the possibility of adverse

health effects,

Technical background: What is PFQA?
PFOA, or C-8, is a man-made chemical that r¢sists heat,
water, oil, grease and stains, It has been used jn making
common household and industrial items such ps non-stick
pots and pans, flame resistant and water-proof clothing,
wire coatings, and chemical resistant tubing, FFOA can
also be formed by the breakdown of other highly
fluorinated chemicals used in stain-resistant carpets and
fabrics, stain-resistant paints, fire fighting foam, and oil-
and grease-resistant food cartons and wrappers. PFOA
does not occur naturally in the environment and is highly
persistent, with little or no degradation occurrjng in air,
water or soil,

History of legal orders .
This order supersedes the Emergency Administrative
Order on Consent that was issued in 2006 under the
authority of the Safe Drinking Water Act. Section 1431
of the Act requires a finding that “a contaminant is
present in or is likely 1o enter a public water system or
underground source of drinking water ... which may
present an imminent and substantial endangerment to the
heaith of persons.” It does not require a conclysive
finding that a contaminant has, or definitely will, cause
harm.

The 2006 order contained a termporary threshdld value of
0.50 ppb PFOA based on information availablg at the
time about blood serum Jevels of the chemicallin the local
population and scientific studies. The 2006 order was a
revision to a 2002 order, which established anjaction
levél of 150 ppb, The new order’s revised actipn level of
0.40 ppb PFOA is based on new and different
information than what was used to calculate the 2006
action level. The former 0.50 ppb site-specificlaction
level for PFOA was a threshold for DuPont to provide
treatment or alternate water to public and private water
users in the vicinity of the facility, and the newy action
level of 0.40 ppb is an updated threshold. ThelAgency

* continues to conduect its risk assessment under|the

reference dose or an official maximum contaminant level
for drinking water.

‘West Virginia and Ohio authorities have relied on EPA to
review the existing 2006 order and have requelted EPA’s
assistance with this matter,




n

PFOA levels in drinking water and human

blood

The average human blood serum PFOA concentration in
the United States is around 5 ppb. PFOA can be absorbed
though swallowing, breathing and skin exposure. We do
not know which exposure routes account for the
background levels of PFOA in the general population.

Some residents in the vicinity of the Washington Works
plant had median blood serum levels ranging from around
298 10 369 ppb PFOA, Data from a more recent study
indicate the average has dropped to about 28 ppb. The
high blood serum levels in residents are attributed to
accumulation of PFOA in the bloodstream and its slow
elimination from the human body. The half-life of PFOA
in humans is approximately 3.8 years, Half-life is the
time required to reduce the chemical to one-half the
initial concentration. For example, with no additional
PFOA input it will take approximately four years for
blood values of 100 ppb to be reduced to 50 ppb.
Ingestion of PFOA through drinking water is considered
a major source of the chemical found in the blood of
residents in the vicinity of the DuPont facility, Reducing
exposure to PFOA in drinking water will reduce the
accumulation of the chemical in residents,

The drinking water levels in nearby water systems have
historically averaged from 1 to 20 ppb PFOA, For the six
public water systems in the area and for private
residences that accepted treatment, PFOA levels in
drinking water have been significantly reduced to
undetectable concentrations and most often less than ,003
ppb. While much is known about the occurrence of
PFOA in the vicinity of this DuPont facility, the
substance is not a regulated drinking water contaminant,
Therefore, public water systems are not required to
monitor for PFOA.

Recent scientific information

EPA’s Office of Water used new scientific information,
an advanced risk assessment technique, and a different
principal study from the one used in 2006 to develop the
PHA. The principal study the Office of Water used
involves peer-reviewed research in mice that looked at
developmental effects of PFOA as the toxicological
endpoint, The 2006 calculation used an earlier study of
monkeys that looked at mortality rates as the
toxicological endpoint. Additionally, since the 2006
order was issued new information and data has become
available on PFOA half-lives in some animal species that
the Office of Water used in its calculation. The Office of
Water also applied a more advanced risk assessment

technique that resulted in an update to some of the values
used to calculate the new Provisional Health Advisory from
those used in 2006. EPA continues to monitor emerging
scientific information regarding PFOA in the inferest of
public health, EPA and DuPont agreed to revisejthe existing
order. .

Other legal actions
In 2001 DuPont, the West Virginia Depariment pf
Environmental Protection and the West Virginig Departmen|
of Health and Human Resources entered into a donsent
agreement. The legal order required a toxicological and
human health risk assessment of C-8 be conducted under the
supervision of a C-8 assessment of toxicity team, Ground-
water and surface-water monitoring and plume identification
in West Virginia and Ohio were conducted under the
supervision of a ground-water investigation te.

An order issued in 2005 in response to a 2001 civil suit in
Wood County, W.Va., (Leach, et al v. E.I. DuPant de

Nemours & Company) required collection of bigod serum and
health data from about 70,000 people who live riear DuPont’s
Washington Works facility. The collection of blpod serum

however, evaluate data produced by these studies as well as
other information generated as part of its ongoing review in
the risk assessment process,

Major human health studies in progress
PFOA Health Project: In 2006 about 64,000 people
completed questionnaires and had blood drawn. Eroclkmar
Ine. has been hired to collect and compile the health data and
blood serum levels, Then a three-member science panel will
assess whether there are adverse health effects to humans
associated with elevated levels of PFOA in the blood serum,
Although the full results of the study are not exp¢cted until
about 2011, the blood serum concentrations are available to
the people who participated, Ohio Department of{ Health, the
federal Agency for Toxic, Substances and Disease Registry,
Ohio Environmental Protection Agency, West Virginia
Department of Environmental Protection and West Virginia
Department of Health Human Resources wanted to have
reference materials available to local physicians as their
patients received data. Information is available a
www.odh,ohio.gov/odhPrograms/eh/hith_as/chemfs1.aspx
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Status of EPA risk assessment

Under the Toxic Substances Control Act, EPA is
evaluating PFOA and related perfluorochemicals. A
formal risk assessment process is under way. EPA’s
Science Advisory Board completed a review of a draft
risk assessment of PFOA in 2006, and the board made
recommendations for the further development of the
assessment. A final risk assessment may not be
completed for several years, Once a {inal risk
assessment is completed, or if further information
about the health effects of PFOA indicates it is
necessary , the action level of 0.40 ppb PFOA
established in the latest legal order with DuPont will be
re-evaluated. The Agency is funding additional
research regarding the toxicity of PFOA and other
perfluorochemicals, as well as research to help identify
where these chemicals are coming from and how
people may be exposed to them,

Other EPA actions on PFOA

salts will take time to complete, but the Agency has
already taken action to reduce the amount off PFOA
getting into the environment. In 2006 EPA invited
major companies in the industry to commit
voluntary, global PFOA Stewardship Program, All
invited companies, including DuPont, have ¢committed
to the goals of the program, which include réducing
facility emissions and product content of PFDA and
related chemicals by 95 percent by 2010 and working
toward elimination of releases and product content of
these chemicals by 2015. As of the end of 2006,
DuPont had reduced annual air discharges of the
chemical from the Washington Works facility by 99.1
percent and had reduced annual water dischdrges by
99.2 percent since 2000, DuPont and the othpr
companies are submitting reports to EPA on|their past
activities and on their progress toward the Stewardship
Program goals.

" The EPA risk assessment activity on PFOA Fd its,
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1. STATUTORY AUTHORITY

i This Order on Consent (“Order”) is issued pursuant o the authority vested in the
Administrator of the United States Environmental Protection Agency (“EPA™) by Section
1431(a)(1) of the Safe Drinking Water Act (“SDWA” or “the Act™), 42 U.S.C. § 300i(a)(1), and'
supersedes the Order on Consent (Docket Nos, SDWA-03-2007-0039-DS and SDWA-05-2007-
001) issued on November 20, 2006.

2. The authority to issue this Order was delegated to the Regional Administrators by
Delegation No. 9-17, dated May 11, 1994,

: 5 Under the SDWA, Congress has authorized EPA 1o exercise broad authority for the

protection of public health from contaminants entering a public water system or an underground
source of drinking water. i

1. STIPULATIONS

4, E.L du Pont de Nemours and Company (*DuPont™) consents to EPA’s jurisdiction to
issue this Order. DuPont does not admit to the EPA Findings in this Order.




5. DuPont waives any defenses it might have as 10 jurisdiction and venue and agrees not to
contest any of the findings of fact or conclusions of law herein in any action to enforce this -
Order. Except as to any proceeding brought by EPA to enforce this Order, in agreeing to this
Order, DuPont makes no admission of fact or law and reserves all rights and defenses available
regarding liability or responsibility in any other legal proceeding related to the subject matter of
this Order. DuPont further waives any rights to appeal this Order that would be otherwise
applicable under the SDWA. '

111, DEFINITIONS AND BACKGROUND

6. “Contaminant™ means “any physical, chemical, biological, or radiological substance or
matter in water." See 42 U.S.C. § 300f(6). y

7i The term “underground source of drinking water” (“USDW”) means an aquifer or a
portion thereof which supplies a public.water system (“PWS"), or which contains a sufficient
quantity of ground water to supply a PWS and which currently supplies drinking water for
human consumption, or contains fewer than 10,000 milligrams per liter total dissolved solids,
and is not an exempted aquifer. See 40 C.F.R, § 144.3.

8. C-8, for purposes of this Order, is perfluorooctanoic acid, CAS # 335-67-1 (PFOA) and
its salts, including ammonium perfluorooctanoate, CAS # 3825-26-1 (APFQ). Thesc arc man-
made perfluorinated compounds that do not occur naturally in the environment.

9. The term “day™ means calendar day. When a stated time expires on a Saturday, Sunday
or Federal Holiday, the stated time period shall be extended to include the next business day.

10.  Micrograms per liter (pg/l) is the same as parts per billion (ppb).
I1. The term “source water" shall mean water prior to any kind of treatment.

12. A “public water system,” hereafter "PWS," provides piped drinking water for human
consumption to persons within the meaning of Section 1401 (4) of the Act, 42 U.S.C, §300f(4)
and 40 CFR §141.2,

13. A private water system is used by individual residents, or serves less than 25 persons per
- year from a well or other surface or ground water source and is otherwise nof a "PWS."”

14.  The term “finished water” shall mean water that has passed through all the processes in
a system’s water treatment plant and is ready to be delivered to consumers.

IV. EPA FINDINGS

15.  DuPont is a corporation and is therefore a “person” within the meaning of Section
1401(12) of the SDWA, 42 U.S.C. § 300f(12).
y 2
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16, DuPont owns and operates a manufacturing fa'lcility known as the Washington Works
(“Facility"), located in Washington, Wood County, West Virginia.

17.  DuPont has used C-8, in the form of APFQ, in its manufacturing processes at the
Facility since the early 1950s.

18,  On November 15, 2001, DuPont, the West Virginia Department of Environmental
Protection (“WVDEP") and the West Virginia Department of Health and Human Resources
(“WVDHHR") entered into an agreement on consent (“WV Order"), which provided for, infer
alia, a toxicological and human health risk assessment of C-8 to be conducted under the
supervision of a C-8 Assessment of Toxicity (“CAT") Team. Ground water and surface water
monitoring and plume identification in West Virginia and Ohio was conducted under the
supervision of a Ground Water Investigation Steering (“G1S") Team.

19, . In April 2002, the CAT Team conducted a toxicological and human health risk
assessment of C-8 and developed a screening level of 150 ppb for C-8 in drinking water.

20,  From 2000 to 2006 DuPont implemented recycling and abatement technologies that
reduced both air emissions and water discharges of C-8 from the Facility. Annual emissions to
air in 2005 were reported to be approximately 12,600 kilograms lower than annual air emissions
in 2000. Annual discharges {o water in 2005 were reported to be approximately 20,400
kilograms lower than annual water discharges in 2000. As of year-end 2006, DuPont had
reduced annual air discharges by 99.1% and had reduced annual water discharges by 99.2%
since 2000,

21,  OnNovember 20, 2006, DuPont and EPA entered inlo an Order on Consent (“2006
Order™), which required DuPont to offer, inter alia, alternative drinking water or treatment to
public water systems or owners of residences using private water systems living in the vicinity
of the Facility where levels of C-8 detected in the finished water of public and private drinking
waler systems were equal 1o or greater than 0.50 ppb.

22.  The 0.50 ppb action level established in the 2006 Order was a precautionary level to
reduce exposure from C-8 to the population living in the vicinity of the Facility.

23.  OnJanuary 8, 2009, the EPA Office of Water issued a Provisional Health Advisory
which established a national value of 0.4 ppb for PFOA.?

i DuPonl. “Data Assessment DuPont Washington Warks (OPPT-2004-0113 PFOA Site-related Environmental
Assessment Program),” (October 2, 2008).

2 United States Environmental Protection Agency's Office of Water, “Provisional Health Adviseries for
Perflurooctanioic Acid (PFOA) and Perfluorooctane Sulfonate (PFOS)" (2009). (including Administrative Record

thereto). Availuble: www.epe pov/warterseience/criterin/drinking/pha-PFOA PFOS.pdf
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24,  Provisional Health Advisory values reflect reasonable, health-based hazard
concegtralions above which action should be taken to reduce exposure to PFOA in drinking
waler.

25.  Sampling conducted lhrough the GIS Team effort since 2001, and by DuPont, has
detected C-8 in prwate and public drinking water sources in Ohio and Wesl V:rg:ma at
concentrations ranging from below the limits of quantitation up to 21.1 ppb.' As set forth in
more detail in paragraphs 26, 27 & 28, DuPont has already taken measures to address PFOA in
drinking water at or above 0.50 ppb.

26,  The 2006 Order achieved comprehensive identification of private and public water
systems in the vicinity of the Facility and ensured alternate water and/or treatment was offered,
installed, and maintained at all public and private water systems that exce:eded 0.50 ppb of C-8
in their {inished water,

27.  Prior to the 2006 Order, DuPont had offered a granular activated carbon water treatment
("GAC Treatment”) ar two public water systems that conlained levels of C-8 that exceeded 0.50
ppb in their finished water, Those public water systems are the Little Hocking Water
Association (“Litile Hocking"), located in Ohio, and the Lubeck Public Service District
(“Lubeck™), located in West Virginia. Upon acceptance of the offer and completion of
construction, DuPont has provided for operation and maintainence of GAC Treatment at Little
Hocking and Lubeck pursuvant to the 2006 Order.

28.  Initiating prior to and continuing pursuant to the 2006 Order, DuPont has offered to
either connect to a public water system or install GAC Treatment to owners of residences using
private water systems for which data have demonstrated levels of C-8 at or above 0,50 ppb in
their finished water, DuPont has cither connected to a public water system or has installed and
is operating GAC Treatment at approximately 50 private water systems with finished water that
exceeded 0.50 ppb of C-8 and whose owners have accepied DuPont’s offer.

29.  To dale, approximately four owners of privale water syslems in the vicinity of the
Facility with finished water that exceeds 0.50 ppb of C-8 have declined or not responded to
DuPont’s offer for installation of treatment or connection to a public water system,

30.  With the issuance of the Provisional Health Advisory for PFOA, EPA has identified
additional geographic areas in the vicinity ofthe Facility where USDWs may contain C-8 at
concentrations at or above 0,40 ppb.

3 ld.

4 Hartten, Andrew S., Project Director, DuPont, “Amended 3Q05, and 4Q05 and 1Q06 Residential Sampling
Results, West Virginia and Ohio DuPont Washington Works, Washington, WV (EPA Docket [D Number OPPT
2004-0113 PFOA Site-Related Environmental Assessment Program,” submitied 10 Chad Board, West Virginia
Department of Environmental Protection (April 5, 2006). :
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31.  C-8 is currenily not a contaminant for which a national primary drinking water
regulation, including a maximum contaminant level ("MCL“). has been established pursuant o
the SDWA.

32,  EPA is conducting a risk assessment of C-8 under the Toxic Substances Control Act
(“TSCA™), 15 U.S.C. §§ 2601 et seq.

33,  DuPont has released C-8 1o the air, discharged C-8 to surface waters, and disposed of
residues containing C-8 al the Facility. DuPont has also disposed of residues containing C-8 to
its Dry Run, Local, and Letart Land{ills in West Virginia and has otherwise shipped residues
containing C-8 off-site for destruction and/or disposal.

34.  The releases, discharges, and/or disposal referred (o in Paragraph 33 have resulted in
releases of C-8 1o air, ground water, surface water, and soil,

35,  The releases referred to in Paragraph 33 have entered USDWs and surface waters and
resulted in levels of C-8 at concentrations at or above 0.40 ppb in some of the receiving waters.

36.  Public and private waler systems in the vicinity of the Facility are using waler sources
contaminated with C-8 at levels that may be at or above 0.40 ppb; and therefore further
investigation is warranted.,

37.  Based on existing data, there are approximately 10-15 private water systems in lhe
vicinity of the Faeility thal.contain levels of C-8 at or above 0.40 ppb in their finished water.’

38.  Although EPA has not yet completed its risk assessment for C-8, EPA has determined
that the 0.50 ppb Site-Specific Action Level requires modification.

39,  Section 1431 of the SDWA requires a finding that *‘a contaminant which is present in or
is likely to enter a public water system or an underground source of drinking water.,.may
present an imminent and substantial endangerment to the health of persons...." It does not
require a conclusive finding that a contaminant has, or definitely will, cause harm. As required
by Section 1431 of the SDWA and for purposes of this Order, EPA has determined that C-8 isa
contaminant present in or likely to enter a PWS or a USDW which may present an imminent
and substantial endangenncnl to human health at concentrations at or above 0.40 ppb in
drinking water., ® The 0.40 ppb action level is a precautionary Site-Specific Action Level to
reduce exposure to the population living in the vicinity of the Facility.

5 Hartten A., Project Director, DuPont, "PFOA concentration at or above 0.40 ug/L" (Tables 1 and 2). (dated
2/16/2009).

6 United States Environmental Protection Agency's Office of Water, “Provisional Health Advisorics for
Perflurooctanioic Acid (PFOA) and Perfluorgoctane Sulfonate (PFOS)" (2009). (including Administrative Record
thereto), Available: www.epa. poviwaterscience/eriteria/drinki -PFO. r




40.  State and local authorities rely on the expertise and resources of EPA to review and
evaluate unregulated contaminants, The WVDEP, WVDHHR, OEPA, the Ohio Department of
Health (*ODH™), and local authorities are relying on the EPA to establish a Site-Specific Action
Level for C-8 in drinking water that reduces exposure to C-8 for residents in the vicinity of the
Facility. State agency actions taken to date, including actions taken by WVDEP, WVDHHR,
OEPA, and ODH, have been based on the Site-Specific Action Level of 0.50 ppb established in
the 2006 Order-

41.  EPA has consulted with WVDEP, WYDHHR, OEPA, and ODI to confiom that the
information upon which this Order is based is correct. The WVYDEP, WVDHHR, OEPA, and
ODH have requested that EPA take this action. Therefore, all requisite conditions have been
satisfied for EPA action under Section 1431(2)(1)-of the SDWA, 42 U.S.C. § 300i(a)(1).

V. ORDER ON CONSENT

42,  Pursuant to the authority givcﬁ to the EPA Administrator by Section 1431(a)(1) of the
SDWA, 42 U.S.C. § 300i(a)(1), and delegated to the Regional Administrators, DuPont is
ORDERED and hereby consents 1o the following:

a) Temporary Provision of Al Drinking Water. For those private water
systems where existing validated data demonstrates levels of C-8 at or above
0.40 ppb in their finished water, DuPont shall provide an alternate drinking
water supply as soon as practicable, but in any event no later than fourieen (14)
days afler the execution of this Order. Where DuPont conducts a waler system
survey pursuant to Paragrephs 42(e) or (f) and identifies private and public
water systems where the level of C-8 in the finished water is at or above 0.40
ppb, DuPont shall provide an alternate drinking water supply as soon as
practicable, but in any event no later than thirty (30) days, from the receipt of
validated date. An “alternate drinking water supply” shall mean: water from
some other source, acceptable (o EPA, that meets the water quality requirements
0f40 C.F.R. Part 141 and has a level of C-8 less than 0.40 ppb in finished water
where applicable; is in sufficient quantity for drinking and cooking; and is
provided in a manner convenient to the users, DuPont shall continue to provide
an alternate drinking water supply until it can fully implement the permanent
remedies described infra pursuant to Paragraph 42 of this Order or the resident
declines the offer or is non-responsive to the offer of treatment (as determined
by-EPA). DuPont shall be responsible for all costs of (he provision of alternate
drinking water.

b) Private Water Systems Receiving Treatment. For private water systems at
which DuPont has already installed GAC Treatment, DuPont shall provide for
operation and maintenance of each GAC Treatment system in good working
arder, mcluding but not limited to timely replacement of carbon filters, until it
demonstrates to the satisfaction of EPA that the source prior to GAC Treatment
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d)

contains less than 0.40 ppb of C-8 for four consecutive quarters, or the
conditions of Paragraph 46 have been met, DuPont may also elect to satisfy any
ongoing obligation under this Paragraph by connecting a particular location to a
public waler system that contains less than 0,40 ppb of C-8 in finished water,

Public Water Systems Receiving Treatment, For public water systems, at which
DuPont has already installed GAC Treatment, DuPont shall provide for

operation and maintenance of each GAC Treatment system in good working
order, including but not limited to timely carbon bed changes, until it
demonstrates to the satisfaction of EPA that the source water in the system prior
to GAC Treatment contains less than 0.40 ppb of C-8 for four consecutive
quarters, or the conditions of Paragraph 46 have been met.

Action at Private Water Systems Based On Existing Data. For those private
water systems where existing validated data demonstrates levels of C-8 at or
above 0.40 ppb in their finished water, DuPont shall, within fourteen (14) days
of execution of this Order, submit to EPA for approval, and to WVDHHR,
WVDEP, OEPA, and ODH for review, a written Water Treatment Plan for each
of these water systems in accordance with the provisions of Paragraph 42(g).

Survey and Identification of Additional Private and Public Water Systems. For
geographical areas defined by EPA (upon consultation with West Virginia and

Ohio), DuPont shall conduct a water system survey and where any private or
public watér system (not already sampled) is identified, monitor the finished
and source waters for the presence of C-8, DuPont shall notify EPA of
monitoring results immediately, but in any event no later than 7 days, after the
data are finalized through DuPont’s internal data quality control/quality
assurance procedures. DuPont shall also notify owners or operators of private
and public water systems of monitoring results within 7-10 days after the data
are finalized through DuPont’s internal data quality control/quality assurance
procedures.

Newly Activated or Permitied Water Systems. Upon notification by EPA of
any newly activated public water system or any newly constructed/permitted/put
into use private water system that conforms to state and local code and is

. located in the geographical areas defined by EPA (upon consultation with West

Virginia and Ohio), DuPont shall monitor the finished and source waters for the
presence of C-8 in accordance with the provisions of Paragraph 42(e). On the
anniversary date of the effective date of this Order and annually thereafter,
DuPont shall survey the geographical areas defined by EPA for any new private
or public water systems until DuPont demonstrates to the satisfaction of EPA
that the USDWs in these geographical arcas (or a subset of those areas) contain
less than 0.40 ppb of C-8 for four consecutive quarters, or the conditions of
Paragraph 46 have been met. DuPont shall monitor the finished and source

7
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h)

i)

waters ol any new systems for the presence of C-8 in accordance with the
provisions of Paragraph 42(e).

Water Treatment Plan. Ifany additional private or public water systems
covered by this Order contain C-8 at or above 0,40 ppb in their finished water,
DuPont shall, within 30 days of receipt of validated data, submit to EPA for
approval, and to WVDHHR, WVDEP, OEPA, and ODH for review, a written
Water Treatment Plan for each of these water systes. DuPont shall perform
all momtonng using a reliable procedure published in the scientific literature by
Moody,” MPI (formerly known as Exygen Research),® other equivalent
publication or an EPA approved analytical mellmd The Water Treatment Plan
shall include:

i.  awritten offer to install and provide for operation and maintenance of
GAC Treatment (including a draft operation and maintenance
agreement);

il.  identification of anticipated necessary permits;

ili.  aschedule for design and implementation of the GAC Trealment
system; and

iv.  identification of technical and other information needed from the
owner or operator of the water source in order for DuPont to design
and install the system.

Implementation of Water Treatment Plan. Following approval rom EPA,
DuPont shall implement the Water Treatment Plan for any addilional water

system whose owner or operator accepts DuPont’s offer. DuPont shall act with
all deliberate speed to design treatment, seek necessary regulatory permits, and
install GAC Treatment or an alternative approved by EPA. [f an owner or
operator of a water system rejects DuPont’s offer, either through express
rejection or silence, DuPont shall inform EPA of this rejection and provide
documentation,

DuPont's Operation and Maintenance Oblipations. DuPont has or will execule

operation and maintenance agreements (“O&M Agreements”) with each water
system owner or operator who has accepted the offer for treatment. DuPont will
provide for operation and maintenance of the GAC Treatment or an alternative

7 Moody, C.A.; Kwan, W.C,; Martin, J.; Muir, D.C.G. & Mabury, S.A., "Determination of Perfluorinated
Surfactants in Surfece Water Samples by Two Independent Analytical Techniques: Liquid Chromatography/Tandem -
Mass Spectrometry |9F NMR," Anal. Chem. vol, 73, pp. 2200-2206 (2001).

8 Risha, K.; Flahenty, J.; Wille, R.; Buck, W.; Morandi, F. & Isemurg, T., "Mecthod for Trace Level Analysis of C-8,
C-9, C-10, C-11, and C-13 Periluorocarbon Carboxylic Acids in Water," Anal. Chem., vol. 77, pp. 1503-1508

(2005).
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approved by EPA consistent with the specific teoms of these O&M Agreements
unti] it demonstrates to the satisfaction of EPA that the water system’s source
water prior to treatment is less than 0.40 ppb of C-8 for four consecutive
quarters, or the conditions of Paragraph 46 have been met. ’

Follow-up Monitoring. After GAC Treatment is terminated, DuPont shall
monitor annually the source water at EPA-specified public and private water
systems for a period of five (5) vears.

43.  Progress Reports. DuPont shall submit Progress Reports as follows:

a)

b)

c)

Beginning April 1, 2009, and quarierly thereafier, DuPont shall submit 1o EPA,
WVDHHR, WVDEP, OEPA and ODH written reports summarizing all actions
taken in response to Paragraph 42 herein (“Progress Reports™). This reporting
requirement shall remain in effect until DuPont submits a written request 1o
EPA to submit Progress Reports on an annual basis and EPA approves such a
request. DuPont shall continue to submit Progress Reports until such time as
EPA provides writlen notice that the reports are no longer necessary, or this
Order is terminated.

All Progress Reports required by this Paragraph shall contain the following
certification, which shall be signed by a responsible corporate officer:

"1 certify under penalty of Taw that this document and all attachments were
prepared under my direction or supervision in accordance with a system
designed to assure that qualified personnel properly gather and evaluate
the information submitted. Based on my inquiry of the person or persons
who manage the system, or those persons directly responsible for
gathering the information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. I am aware that there
are significant penalties for submitting false information, including the
possibility of fine and imprisonment for knowing violatioris.”

For purposes of this Order, 2 responsible corporate official shall be:

(A) a president, secretary, treasurer, or vice-president of DuPont in charge
ofa principal business function, or any other person who performs similar
policy or decision-making functions for DuPont; or

(B) the manager of DuPont’s Washington Works, West Virginia Facility,
so long as authority to sign documents has been delegated in writing 1o the
manager in accordance with corporate procedures, :

- VI. GENERAL PROVISIONS
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44, The Administrative Record to this Order is incorporated herein by reference,

45.  Nothing in this Order is intended to supersede, impede, inferfere with or otherwise affect
the development of an MCL or other regulatory limit for C-8 that may be established by EPA
through its yegulatory processes in the future.

46.  The Site-Specific Action Level identified in this Order for C-8 in drinking water is a
temporary value that will be re-evaluated when EPA determines a reference dose under TSCA
or establishes a drinking water standard for C-8, whichever comes first.

47.  Notwithstanding any other provision of this Order, the EPA reserves the right 1o modify
the Site-Specific Action Level identified in this Order if information previously unknown to
EPA is received and EPA determines that this previously unknown information, together with
any other relevant information, indicates that the Site-Specific Action Level may not be
protective of human health, and DuPont reserves all rights and defenses should EPA take action
under this Paragraph. p

48.  All submissions, including Progress Reports, required under this Order shall be
submitted to the following addressees;

As to EPA;

Roger Reinhart

Groundwater and Enforcement Branch
U.S. EPA Region IT1

1650 Arch Street (3WP22)

Philadelphia, PA 19103-2029

Ryan Bahr .

Ground Water and Drinking Water Branch
U.S. EPA Region V

77 West Jackson Boulevard (WG-157)
Chicago, IL 60604

As to WVDHHR:

‘Walter Ivey, Director

Division of Environmental Engineering
Office of Environmental Health Services
Dept. of Health and Human Resources
Capital and Washington Streets

One Davis Square, Suite 200

Charleston, WV 25301-1798
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As 1o WVDEP:

William Timmermeyer

Groundwater Protection Section

Division of Water and Waste Management
W.Va. Depl. of Environmental Protection
601 57th Streel, SE

Charleston, WV 25304

As to OEPA:

Mike Baker, Chief

Division of Drinking and Ground Waters
Ohio EPA

122 South Front Street

Columbus, OH 43214

As to ODH:

'W. Gene Phillips, RS, Bureau Chief
Bureau of Environmental Health
Ohio Department of Health

246 North High Street

P.O.Box 118

Columbus, OH 43216

49.  This Order shall apply to and be binding upon DuPont and its agents, successors and
assigns.

0. Nothing in this Order shall be construed as prohibiting, altering or in any way
eliminating the ability of EPA lo seek any other remedies or sanctions available by virtue of
DuPont's violations of this Order or of the statutes and regulations upon which this Order is
based or for DuPont's violation of any applicable provision of law.

51, This Order shall not relieve DuPont of its obligation to comply with all applicable
provisions of federal, state or local law, nor shall it be construed to be a ruling on, or
determination of, any issue related to any federal, state or local permit.

52.  Nothing in this Order is intended to nor shall be construed to operate in any way lo

-resolve any criminal liability of DuPont. Compliance with this Order shall not be a defense to

any actions subsequently commenced for any violation of federal Jaws and regulations
administered by EPA, and it is the responsibility of DuPont, to comply with such laws and
regulations. EPA reserves the right to undertake action against any person, including DuPont,

1]




in response (o any condition which EPA determines may present an imminent and substantial
endangerment to the public health, public welfare or the environment.

53.  The undersigned representative of DuPont certifies that he or she is fully authorized by
DuPont to enter into the terms and conditions of this Order and to execute and legally bin
DuPont to it. :

54,  Pursuant to Section 1431(b) of the SDWA, 42 U.S.C. § 300i(b), and the Adjustment of
Civil Monetary Penalties for Inflation, 40 C.E.R, Part 19, as revised (74 Fed. Reg. 626 (Jan.7,
2009)), the violation of any term of this Order, or failure or refusal to comply with this Order,
may subject DuPont to a civil penalty not to exceed $16,500 for each day in which such
violation occurs or failure (o comply continues,

55. When DuPont knows or should have known, by the exercise of due diligence, of an
event that might delay completion of any requirement of this Order, DuPont shall provide norice
10 EPA, in writing, within two (2) business days after DuPont first knew, or in the exercise of
due diligence, should have known, of such event. The notice shall describe in detail the basis
for the delay, including whether it is a force majeure event, and describe the length of, precise
cause(s) of, and measures taken or to be taken to prevent or minimize such delay. If EPA
agrees that such event constitutes force majeure, EPA shall extend the time for performance of
such requirement, in writing, to compensate for the delay caused by the force majeure event.
DuPont’s failure to notify in writing in accordance with this Paragraph shall render this
Paragraph void and of no effect conceming such event. For purposes of this Order, force
majeure is defined as an event arising from causes beyond the control of DuPont, and any entity
controlled by DuPont, which delays or prevents the performance of any obligation under this
Order. Unanticipated or increased costs or expenses associated with implementation of this
Order and changed financial circumstances shall not, in any event, be considered foree majeure
events. In addition, failure to apply for a required permit or approval or to provide in a timely
manner all information required (o obtain a permit or approval that is necessary to meet the
requirements of this Order, or to obtain or approve contracts, shall not, in any event, constitute
Joree majeure events,

56.  This Consent Order may be executed in any number of counterpart originals, each of
which shall be deemed to constitute an original agreement, and all of which shall constitute one
agreement. The execution of one counterpart by any party shall have the same force and effect
as jf that party had signed all other counterparts,

57.  Allofthe terms and conditions of this Order together comprise one agreement, and each
of the terms and conditions is in consideration of all of the other terms and conditions. In the
event that this Order is not executed by all of the signalories in identical form, or is not
approved in such identical form by the Regional Administrators, then the entire Order shall be
null and void.
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58, The effective date of this Order is the date on which, after approval by the Regional
Adminisirators, this Order is filed with the Regional Hearing Clerks of both Region 111 and
Region V, if' not, then on the snme day.

59.  This Order shall remain in effect until DuPont fulfills its obligations pursuant to
Paragraphs 42 and 43 lerein, submits a written request 10 EPA to 1erminate this Order, and EPA
approves such termination request,

60.  This Qrder constitutes final ngency action.

SO ORDERED:

o, , Date:
Willinmn T. Wisniewski
Acting Regional Administrator
U.S, Environmental Protection Agency,
Region 1M1

MAR 1 ¢ 2008

13




F W‘\m ’K ) Dute; 3/ /0! O?

Bharat Mathur %\
Acting Regions] Administraidr

U.S. Environmental Protection Agency,
Region V




AGREED TO:

Y. ,4./ ; " pwe_ 35 2009
William H. Hopkins h €

Plant Manager, Washinglon Works Facility
E.1. du Pont de Nemours and Company, Incorporated
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Bilott, Robert A.

From: U.S, Environmental Protection Agency <noreply-subscriptions@epa.gov>
Sent: Monday, January 09, 2017 1:51 PM

Tot Bilott, Robert A.

Subject: EPA Amends Drinking Water Order to DuPont

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION II1 - OFFICE OF COMMUNICATIONS & GOVERNMENT RELATIONS
1650 Arch Street Philadelphia, Pennsylvania 19103-2029
Phone -~ 215/814-5100 TFax - 215/814-5102

EPA Environmental News
Contact: David Sternberg 215-814-5615 dandrea.michael@epa.gov

EPA Amends Drinking Water Order to DuPont

PHILADELPHIA (January 9, 2017) - The U.S. Environmental Protection Agency today announced
an amendment to the 2009 Safe Drinking Water Act consent order between EPA and E.I. du Pont de
Nemours and Company (DuPont), The amendment adds The Chemours Company (Chemours) to
the 2009 order, and requires both DuPont and Chemours to take additional actions to reduce
exposure to perfluorooctanoic acid (PFOA) in drinking water for residents in Ohio and West
Virginia living near the Washinglon Works facility in Parkersburg, WV,

The amendment contains a new action level of .07 parls per billion (ppb) of PFOA which triggers
the temporary provision of an alternate source of drinking water by DuPont and Chemours, The
temporary provision of drinking water will continue until a permanent alternate drinking water
supply is provided. The amendment also expands the geographic areas to be investigated and
requires appropriate action if levels of PFOA in drinking water of .07 ppb or more are discovered.

This amendment to the 2009 Order, which had included a temporary action level of .40 ppb, is
supported by site-specific data, as well as the Lifetime Health Advisory issued by EPA on May 19,
2016, that established .07 ppb, of PFOA in drinking water as protective of human health.

If you would rather nol receive fulure communlealions from Environmental Prolection Agency, lel us know by clicking har
Environmental Prolection Agancy, 1650 Arch Streel, Philadelphla, PA 19103-2020 Unlied Stalos o e
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SEPA FACTSHEET

United States PFOA & PFOS Drinking Waiter
Environmental Protection . o
Agency Health Advisories

EPA has established health advisories for PFOA and PFOS based on|the
agency's assessment of the latest peer-reviewed science to provide drinking
water system operators, and state, tribal and local officials who haye the
primary responsibility for overseeing these systems, with informatipn on
the health risks of these chemicals, so they can take the appropriate actions
to protect their residents. EPA is committed to supporting states ard public
water systems as they determine the appropriate steps to reduce exposure
to PFOA and PFOS in drinking water. As science on health effects ofithese
chemicals evolves, EPA will continue to evaluate new evidence.

%ﬂ T PFOA and PFOS are fluorinated organic chemicals that are part of a|arger
_ group of chemicals referred to as perfluoroalkyl substances (PFASs); PFOA
r i and PFOS have been the most extensively produced and studied of these
i chemicals. They have been used to make carpets, clothing, fabrics for furni-
L ::;& [ , ture, paper packaging for food and other materials (e.g., cookware) that are

# . . resistant to water, grease or stains. They are also used for firefighting at air-
; i fields and in a number of industrial processes.

T

“ Because these chemicals have been used in an array of consumer products,

%’ .~ most people have been exposed to them. Between 2000 and 2002, PFOS
was voluntarily phased out of production in the U.S. by its primary manufac-
turer. In 2006, eight major companies voluntarily agreed to phase out their
22" global production of PFOA and PFOA-related chemicals, although there are a
limited number of ongoing uses. Scientists have found PFOA and PFOS in the
- blood of nearly all the people they tested, but these studies show that the
i levels of PFOA and PFOS in blood have been decreasing. While consumer
products and food are a large source of exposure to these chemicals for
- most people, drinking water can be an additional source in the smal| per-
centage of communities where these chemicals have contaminated water
supplies. Such contamination is typically localized and associated with a spe-
, cific facllity, for example, an industrial facility where these chemicalsjwere
ﬁ produced or used to manufacture other products or an airfield at which they

were used for firefighting.

EPA develops health advisories to prowde information on contaminants that can cause human health effects
and are known or anticipated to occur in drinking water, EPA's health advisories are non-enforceable and
non-regulatory and provide technical information to states agencies and other public health officials on
health effects, analytical methodologies, and treatment technologies associated with drinking water tontam-
.|ination. In 2009, EPA published provisional health advisories for PFOA and PFOS based on the evidence avail-
able at that time. The science has evolved since then and EPA is now replacing the 2009 provisional adviso-
ries with new, lifetime health advisories.

US Environmental Protection Agency 1 November 2016 EPA 800-F-16-003




FACT SHEET ?
PFOA & PFOS Drinking Water Health Advisories

To prowde Americans, :ncludmg the most sensitive populatnons, with a margin of protection frcny a life-
time of exposure to PFOA and PFOS from drinking water, EPA established the health advisory levels at 70
parts per trillion. When both PFOA and PFOS are found in drinking water, the combined concenjrations

of PFOA and PFOS should be compared with the 70 parts per trillion health advisory level. This heglth advi-
sory level offers a margin of protection for all Americans throughout their life from adverse health gffects
resulting from exposure to PFOA and PFOS in drinking water.

How the Health Advisories were developed
EPA’s health advisories are based on the best available peer-reviewed studies of the effects of PFOA and
PFOS on laboratory animals (rats and mice) and were also informed by epidemiological studies of human
populations that have been exposed to PFASs. These studies indicate that exposure to PFOA and PFOS over
certain levels may result in adverse health effects, including developmental effects to fetuses during preg-
nancy or to breastfed infants (e.g., low birth weight, accelerated puberty, skeletal variations), cancer (e.g.,
testicular, kidney), liver effects (e.g., tissue damage), immune effects (e.g., antibody production and im-
munity), thyroid effects and other effects (e.g., cholesterol changes).

EPA’s health advisory levels were calculated to offer a margin of protection against adverse health effects

to the most sensitive populations: fetuses during pregnancy and breastfed infants, The health advigory lev-
els are calculated based on the drinking water intake of lactating women, who drink more water than other
people and can pass these chemicals along to nursing infants through breastmilk.

Steps to Assess Contamination
If water sampling results confirm that drinking water contains PFOA and PFOS at individual or combjned

concentrations greater than 70 parts per trillion, water systems should quickly undertake additional sam-
pling to assess the level, scope and localized source of contamination to inform next steps

Steps to Inform
If water sampling results confirm that drinking water contains PFOA and PFOS at individual or combjned

concentrations greater than 70 parts per trillion, water systems should promptly notify their State drinking
water safety agency (or with EPA in jurisdictions for which EPA is the primary drinking water safety agency) -
and consult with the relevant agency on the best approach to conduct additional sampling. :

Drinking water systems and public health officials should also promptly provide consumers with infor-
mation about the levels of PFOA and PFOS in their drinking water. This notice should include specifi¢ infor-
mation on the risks to fetuses during pregnancy and breastfed and formula-fed infants from exposure to

drinking water with an individual or combined.concentration of PFOA and PFOS above EPA's health gdviso-

ry level of 70 parts per trillion. In addition, the notification should include actions they are taking and identi-
fy options that consumers may consider to reduce risk such as seeking an alternative drinking water{source,
or in the case of parents of formula-fed infants, using formula that does not require adding water.

US Environmental Protection Agency "2 November 2016 EPA 800-F-16-003




FACT SHEET
PFOA & PFOS Drinking Water Health Advisories

Steps to Limit Exposure . B i
A number of options are available to drinking water systems to lower concentrations of PFOA and PFOS in
‘their drinking water supply. In some cases, drinking water systems can reduce concentrations of perfluo-
roalkyl substances, including PFOA and PFOS, by closing contaminated wells or changing rates of blending
of water sources. Alternatively, public water systems can treat source water with activated carbor) or high
pressure membrane systems (e.g., reverse osmosis) to remove PFOA and PFOS from drinking watey. These
treatment systems are used by some public water systems today, but should be carefully desighedjand
maintained to ensure that they are effective for treating PFOA and PFOS. In some communities, entities
have provided bottled water to consumers while steps to reduce or remove PFOA or PFOS from drinking
water or to establish a new water supply are completed.

Many home drinking water treatment units are certified by independent accredited third party organizations
against American National Standards Institute (ANSI) standards to verify their contaminant removaj claims.
NSF International (NSF®) has developed a protocol for NSF/ANSI Standards 53 and 58 that establishes
minimum requirements for materials, design and construction, and performance of point-of-use (POU)
activated carbon drinking water treatment systems and reverse osmosis systems that are designed|to reduce||.
PFOA and PFOS in public water supplies. The protocol has been established to certify systems (e.g) home
treatment systems) that meet the minimum requirements. The systems are evaluated for contamjnant
reduction by challenging them with an influent of 1.5+30% pg/L (total of both PFOA and PFOS) andjmust
ughout i

Jating to.PEOA and PEOS

nd 2002, PFOS was voluntarily phased out of production in the U.S. by its primary manufac-
turer, 3M. EPA also issued regulations to limit future manufacturing, including importation, of PFOS and its
precursors, without first having EPA review the new use. A limited set of existing uses for PFOS (fi ri re-
sistant aviation hydraulic fluids, photography and film products, photomicrolithography process to produce
semiconductors, metal finishing and plating baths, component of an etchant) was excluded from these reg-
ulations because these uses were ongoing and alternatives were not available.

and use of PFOA, and chemicals that degrade to PFOA, from emissions and products by the end of|2015. All
eight companies have indicated that they have phased out PFOA, and chemicals that degrade to PFOA,

from emissions and products by the end of 2015. Additionally, PFOA is included in EPA’s proposed Tjoxic
Substance Control Act’s Significant New Use Rule (SNUR) issued in January 2015 which will ensure that EPA
has an opportunity to review any efforts to reintroduce the chemical into the marketplace and takelaction,
as necessary, to address potential concerns.

In 2006, EPA asked eight major companies to commit to working toward the elimination of their p l:duction

US Environmental Protection Agency 3 November 2016 EPA 800-F-16-00



FACT SHEET
PFOA & PFOS Drinking Water Health Advisories

ARG

EPA has not established national primary drinking water regulations for PFOA and PFOS. EPA is eva

uating :
PFOA and PFOS as drinking water contaminants in accordance with the process required by the Safle Drink-
ing Water Act (SDWA). To regulate a contaminant under SDWA, EPA must find that it: (1) may have adverse |
health effects; (2) occurs frequently (or there is a substantial likelihood that it occurs frequently) atflevels of
public health concern; and (3) there is a meaningful opportunity for health risk reduction for people served
by public water systems.

EPA included PFOA and PFOS among the list of contaminants that water systems are required to mpnitor
under the third Unregulated Contaminant Monitoring Rule (UCMR 3) in 2012, Results of this monitpring
effort are updated regularly and can be found on the publicly-available National Contaminant Occurrence
Database (NCOD) (https://www.epa.gov/dwucmr/occurrence-data-unregulated-contaminant-monitoring-
rule#3). In accordance with SDWA, EPA will consider the occurrence data from UCMR 3, along with the peer
reviewed health effects assessments supporting the PFOA and PFOS Health Advisories, to make a reg-
ulatory determination on whether to initiate the process to develop a national primary drinking w.
lation. '

In addition, EPA plans to begin a separate effort to determine the range of PFAS for which an Integrated Risk
Information System (IRIS) assessment is needed. The IRIS Program Identifies and characterizes the |health
hazards of chemicals found in the environment, IRIS assessments inform the first two steps of the |[risk
assessment process: hazard identification, and dose-response. As indicated in the 2015 IRIS Multi-Year
Agenda, the IRIS Program will be working with other EPA offices to determine the range of PFAS coin-
pounds and the scope of assessment required to best meet Agency needs. More about this effort can be

found at https://www.epa.gov/iris/iris-agenda.

hese health advisories only apply to exposure scenarios involving drinking water. They are not appfopriate
for use, in identifying risk levels for ingestion of food sources, including: fish, meat produced from livestock
that consumes contaminated water, or crops irrigated with contaminated water.

The health advisories are based on exposure from drinking water ingestion, not from skin contact off breathing]
The advisory values are calculated based on drinking water consumption and household use of drinking water
during food preparation (e.g., cooking or to prepare coffee, tea or soup). To develop the advisories, EPA
considered non-drinking water sources of exposure to PFOA and PFOS, including: air, food, dust, and consumef
products, In January 2016 the Food and Drug Administration amended its regulations to no longer ajlow PFOA
fand PFOS to be added in food packaging, which will likely decrease one source of non-drinking water exposure

US Environmental Protection Agency 4 - November 2016 EPA 800-F-16-003




+ PFOA and PFOS data collected under EPA’s Unregulated Contaminant Monitoring Rule are avai
-https://www.epa.gov/dwucmr/occurrence-data-unregulated-con taminant-monitoring-rule
« EPA’s stewardship program for PFAS related to TSCA: https://www.epa.gov/assessing-and-mar}

chemicals-under-tsca/and -polyfluoroalkyl-substances-pfass-under-tsca

+ EPA’s research activities on PFASs can be found at: http://www.epa.gov/chemical-research/
perfluorinated-chemical-pfc-research

* The Agency for Toxic Substances and Disease Registry’s Perflourinated Chemicals and Your Hex

webpage at; http://www.atsdr.cdc.gov/PFC/

EPA

United States
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Brief Overview of the Feasibility Assessment for Epidemiological

Studies at Pease International Tradeport
May 23, 2017

1. Introduction

The Pease International Tradeport is located in Portsmouth, New Hampshire (NH) on land that was
formerly the Pease Air Force Base. In 1993, companies began to operate at the Tradeport. It coptains
over 250 companies employing more than 9,525 people. Two day care centers are located at the
Tradeport.

In April and May 2014, the three drinking water supply wells serving the Pease Tradeport were sampled
for perfluoroalkyl substances (PFAS). The Haven Well, which supplied about half of the total dyinking
water at the Pease Tradeport at the time of the sampling, was found to have perfluorooctane sulfonate
(PFOS), perfluorooctanoic acid (PFOA), and perfluorchexane sulfonate (PFHxS) levels averaging 2.5
micrograms per liter (ug/L), 0.34 pg/L, and 0.90 pg/L, respectively. While the Environmental
Protection Agency has a lifetime health advisory for PFOS and PFOA, no regulatory standards by any
federal agency have been promulgated for PFAS. Much lower levels of these contaminants werg found
in the other two wells serving the Pease Tradeport. The Haven well was shut down in May 2014.

The contamination of the drinking water wells was the result of the use of aqueous film forming foam
(ATFF) at the former Pease Air Force Base for firefighting training and to extinguish flammable|liquid
fires. The firefighting foam contained PFAS. It was used at the base from approximately 1970 until the
base closed in 1991. The AFFF likely leached into the soil and groundwater and migrated to the three
drinking water supply wells that served the base and later served the Pease Tradeport. It is not khown
when these wells were contaminated with PFAS. However, it is possible that the contamination began
when the base was still in operation and prior to the opening of the Tradeport in 1993.

During April — October 2015, a blood testing program for PFAS was conducted by the NH Department
of Health and Human Services. The program was for those who may have been exposed to the
contaminated drinking water at the Pease Tradeport or those who consumed water from contaminated
private wells adjacent to the Tradeport. A total of 1,578 individuals volunteered to submit a bloof
sample. A report of the program found that the average levels of PFOS, PFOA and PFHxS in the blood
of those tested were higher than national averages for these chemicals

{hﬁg:}'fwww.dhhs.nh.govfdghsfdocumentslpease-pfc-blood-_testing.pdf).

The Agency for Toxic Substances and Disease Registry (ATSDR) evaluated the feasibility of
conducting epidemiological studies of the populations at the Pease Tradeport. This assessment wias in
response to community health concerns and the community’s request for health studies. The purjfosc of
the assessment was to determine whether studies are feasible to conduct at Pease given the size of the
exposed populations, and whether data exist to conduct scientifically credible studies.




2. Approach
ATSDR used three criteria to determine whether health studies were feasible:

» Meaningful and credible results —a study should have sufficient validity and precision, be

capable of detecting moderate as well as large health-related effects, and be as responsive as

possible to the community’s questions and concerns.

» Scientific importance — a study should evaluate biologically plausible diseases and other h

ealth-

related endpoints (also called “effect biomarkers™) and improve our understanding of possible

health effects of PFAS exposures.

» Public health significance — a study should provide a strong basis for determining if PFAS
exposures increase the risks of specific adverse health effects, and if so, what public healt
actions are necessary to reduce the risks. The study should also be relevant to other popul
with similar exposures.

tions

Feasibility was also assessed in terms of whether sufficient participation (sample size) could be obtained

from within the Pease community, or whether the study would need to be expanded to other
- communities beyond the Pease population.

ATSDR reviewed published health studies to identify health-related endpoints that have been studied

and the data gaps that exist. The review found that most information on potential health effects
concerned exposures to PFOA, much less information was available for PFOS exposures, and ver;
information was available for PFHxS exposures. In general, there was limited information on the
human health effects of PFAS exposures because research is still at an early stage. Because of thil

y little

research gap, health studies of the Pease population might contribute to scientific knowledge aboult the

health effects of PFAS exposure, in particular, PFOS and PFHXS exposure.

Based on its review, ATSDR concluded that several health-related endpoints could be considered [for

studies of the Pease population. However, whether it is feasible to study a specific health-related
endpoint depends to a great extent on the size of the exposed population that can be recruited into

A

study. In order to determine the size of the exposed population required to study each health-related

endpoint effectively, sample size calculations were made.

3. Feasibility of Possible Studies at Pease -

a. Feasibility of a Children’s Health Study at Pease

To determine the population appropriate for a children’s study at Pease, ATSDR took into account the
date when the Haven well was shut down, the length of time (e.g., “half-life””) that PFHxS and PFOS

remain in the blood after exposure, and the age range appropriate for the health endpoints under

consideration. ATSDR concluded that a study is feasible of children who attended a day care cenfer at
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Pease any time prior to June 2014 and who will be aged 4 — 16 years at the time the study begins.
Because PFAS-contaminated drinking water exposures could occur to children in utero and durin

breastfeeding if the mother worked at the Pease Tradeport, the study would include these additiorial
children if the exposures began prior to June 2014 and their ages are 4 — 16 years at the time the study -

begins.

The sample size calculations indicated that at least 350 exposed children were needed to be inclufied in
a study. The study would also require a comparison group of at least 175 children unexposed to the
contaminated drinking water at the Pease Tradeport. Based on this sample size, health-related endpoints
were grouped into three categories: 1) feasible to study, 2) possible to study in children at Pease (put

likely will require recruiting a larger sample size than 350 exposed and 175 unexposed children

m the

Pease community), and 3) not feasible to study using the Pease children population unless additional
populations from other communities exposed to PFAS-contaminated drinking water are ‘included in the

study.

Health-related endpoints feasible to study in children at Pease:

» Mean difference in lipids (total cholesterol, LDL, HDL, triglycerides)

» Mean difference in estimated glomerular filtration rate (¢GFR), a measure of kidney function
¢ Insulin-like Growth Factor— 1 (a measure of growth hormone deficiency) .

»  Overweight/Obesity

Health-rel_ated endpoints that may be possible to study in children at Pease (although a larges
sample size from the Pease community will likely be needed):

e Mean difference in uric acid

* Elevated total cholesterol (hypercholesterolemia)

» Elevated uric acid (hyperuricemia)

¢ IQ/neurobehavioral

* Thyroid function

* Sex hormones

e Asthma and atopic dermatitis (Immune function)

* Rhinitis (stuffy, runny nose) .

* Antibody response to rubella, mumps and diphtheria vaccines

L=}

Health-related endpoints not feasible to study using the Pease children population (in order t

address these health endpoints, populations from other sites beyond the Pease community with PFAS-

contaminated drinking water would need to be included along with the Pease children population)

» Attention deficit/hyperactivity disorder (ADHD)
* Autism spectrum disorder
* Delayed puberty
e Thyroid disease
¢ Childhood cancers
' Page 3




b. Feasibility of an Adult Health Study at Pease

Based on the date when the Haven well was shut down and the length of time (e.g., “half-life”) that

PFHxS and PFOS remain in the blood after exposure, ATSDR concluded that an adult study at Pease of
adults aged >18 years who worked anytime at the Pease Tradeport during January 2008 - May 20[14 is

feasible.

The sample size calculations indicated that at least 1,500 exposed adults needed to be included infa
study. The study would also require a comparison group of at least 1,500 adults unexposed to the

contaminated drinking water at the Pease Tradeport. Based on this sample size, health-related endpoints

were grouped into three categories: 1) feasible to study, 2) possible to study at Pease (but likely will
require recruiting a larger sample size than 1,500 exposed and 1,500 unexposed adults from the Pgase

community), and 3) not feasible to study using the Pease adult population unless additional populations

from other communities exposed to PFAS-contaminated drinking water are included in the study.

Health-related endpoints feasible to studyv at Pease:

* Mean difference in lipids (total cholesterol, LDL, HDL, triglycerides)
* Elevated total cholesterol (hypercholesterolemia)

¢ Mean difference in uric acid

» Elevated uric acid (hyperuricemia)

e Thyroid disease (unconfirmed)

» Cardiovascular disease

» Hypertension

¢ Osteoarthritis arid osteoporosis

* Mean differences in serum immunoglobin (IgA, IgE, IgG, IgM), and C-reactive protein (an indicator

of inflammation); increase in antinuclear antibodies (an indicator of autoimmune reaction);
alterations in specific cytokines

Health-related endpoints that may be possible to study at Pease (although a larger sarnpla sizeyfrom

the Pease community may be needed):
e Liver function

* Thyroid disease (confirmed)

* Thyroid function

e Endometriosis

e Pregnancy-induced hypertension
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Health-related endpoints not feasible fo study using the Pease adult population (i.e., populations
from other sites beyond the Pease community with PFAS-contaminated drinking water would negd to be

included to make the study feasible):"

e Liver disease

s Kidney disease

e Ulcerative colitis

» Rheumatoid arthritis

e Lupus

e Multiple sclerosis

» Kidney cancer (and other adult cancers)

c. Study of former military service and civilian workers at the Pease Air Force Base

cancer incidence study that is limited to the military service and civilian workers who were stationed or

Based on sample size considerations, ATSDR concluded that it is not feasible to conduct a morta%ty or

worked at the Pease Air Force Base. Such studies would require, in addition to the Pease Air For
Base populations, several thousands of exposed populations from military bases where PFAS-

contaminated drinking water occurred, as well as several thousands of comparison populations frgm

military bases that did not have drinking water contamination.
4, Conclusions

The feasibility assessment concluded that it is possible to evaluate some health-related endpoints

sufficient number of children and adults from the Pease population participate. Other health-related
endpoints would require larger numbers of exposed individuals and would require the inclusion of

populations from other sites who were exposed to PFAS-contaminated drinking water. The feasib
assessment concluded that a third study design, a mortality and cancer incidence study of former
military service and eivilian worker personnel, would not be feasible solely with the population at

No single study of the Pease population will provide clear answers to the community about wheth|

e

fa

lity
Pease.

o1 their

studies of environmental exposures and health outcomes have limitations and uncertainties. Whether a

exposures to the PFAS-contaminated drinking water caused their health problems. All epidemiolr}gical

study will find an association between an environmental exposure and health effects cannot be kn
prior to conducting the study. The ability of a study of the Pease population to provide useful
information will depend to a great extent on the success of recruiting sufficient number of study
participants. '

The feasibility assessment is still a draft. It will be finalized once the Pease Community Assistanc
Panel (CAP) and the larger Pease Tradeport community have the opportunity to review and make

JWIL

AL

comments on the assessment. ATSDR will then revise the assessment based on the comments received.

The feasibility of successfully evaluating particular health-related endpoints (or effect biomarkers
change depending on final study design and goals.
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Sunimary

This report describes the activities and the conclusions of ATSDR’s feasibility assessment of poss

future drinking water epidemiological studies at the Pease International Tradeport, Portsmouth, I\Tw
Hampshire (“Pease™), The drinking water at Pease was contaminated with perfluoroalkyl substan¢es

(PFAS), in particular perfluorooctane sulfonate (PFOS) and perfluorohexane sulfonate (PFHxS),
the use of aqueous film-forming foam (AFFF) at the former Pease Air Force Base. The base used
for firefighting training and to extinguish flammable liquid fires. In 2015, the New Hampshire
Department of Health and Human Services (NH DHHS) established a PFAS blood testing progra
Pease. A total of 1,578 persons submitted a blood sample for analysis. The results from the blood
program indicated that the exposed population had hlgher serum levels of PFOS and PFHxS than
U.S. population.

In March 2016, ATSDR established a community assistance panel (CAP) as a mechanism for'the

ible

from
AFFF

at
testing
did the

community to voice its concerns and provide input on decisions concerning potential health acﬁviﬁies at

Pease. A key concern expressed by the community was the lack of information on the possible sh:
term and long-term health effects to children and adults exposed to the PFAS contaminants in the
drinking water at Pease. Specifically, the community was concerned about cancers, elevated lipid:
effects on thyroid and immune function, and developmental delays in children.

ATSDR then assessed whether epidemiological studies focusing on populations at Pease were fearible

and whether such studies could answer the concerns of the community. When evaluating whether
epidemiological study would be scientifically feasible, ATSDR used three main criteria:

1. Meaningful and credible results — a study should have sufficient validity and precision, b
capable of detecting health-related effects, and be as responsive as possible to the commur
questions and concerns. Ideally, a study should also be capable of detecting health-related
effects, for example a 20% to 100% increase in risk with sufficient statistical power (i.e.,
statistical power >80%).

2. Scientific importance — a study should evaluate biologically plausible diseases and other
related endpoints (also called “effect biomarkers™) and improve our understanding of poss
health effects of PFAS exposures.

increase the risks for specific adverse health effects, and if so, what public health actions a
necessary to reduce the risks. The study should also be relevant to other populations with
exposures.

3. Public health significance — a study should provide a basis for determining if PFAS expo}rcs

The feasibility assessment is guided by these three criteria and does not address considerations of
financial or operational feasibility. Feasibility was also assessed in terms of whether sufficient

participation (sample size) could be obtained from within the Pease community to achieve sufficient

-

an

ity’s

health-
ble

imilar

statistical power for the health-related endpoints being considered, or whether the study would negd to

be expanded to other communities beyond the Pease population.
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ATSDR reviewed the epidemiological literature on PFAS exposures to identify the health-relate
endpoints that have been studied and current data gaps, in particular, for the effects of PFHxS. T
literature review also was used to identify adverse effect sizes observed in the PFAS studies for
serum levels similar to those found in the Pease population.

The literature review found that most information on potential health effects concerned exposur
perfluorooctanoic acid (PFOA). In particular, numerous studies have been conducted of West V]
and Ohio residents and workers exposed to PFOA from a chemical plant (the “C8” studies) [Fri
2009]. Studies of other workforces also were primarily focused on PFOA exposures. The literat
review found that less information was available about the potential health effects of PFOS exp
and very little information was available on the potential health effects of exposures to PFHxS,

the primary contaminants in the drinking water at the. Pease Tradeport were PFOS and PFHxS,

epidemiological studies of the Pease populations have the potential to fill key knowledge gaps and

address the community’s concerns.

The literature review identified many health-related endpoints evaluated in plswous epidemiolo

d
'he
PFAS

s to
irginia
shee
ire

hsures,

Because

gical

studies of PFAS exposures. These included cancers, lipids, effects on thyroid and immune funclon, and

developmental delays. They also included effects on kidney and liver function and sex hormon
diseases such as endometriosis, ulcerative colitis and osteoporosis. Many of these health-related
endpoints were also previously raised by the community and the Pease CAP.

In considering possible study designs, ATSDR focused on the methods used in prekus epidem
research of PFAS exposures. Adopting study design methods consistent with previous research
facilitate the interpretation and synthesis of findings across studies. The literature review found
most of the epidemiological studies of PFAS exposures were cross-sectional and evaluated seru
measurements. Some studies also evaluated cumulative PFAS serum levels that were estimated

modeling methods. ATSDR concluded that any study of populations exposed to the PFAS-conta

drinking water at the Pease Tradeport should be cross-sectional and evaluate measured serum P]
measurements as well as estimated cumulative PFAS serum levels. ATSDR also concluded that]
used to evaluate health-related endpoints in the Pease Tradeport populations should be consister]
methods used in previous epidemiological research of PFAS exposures.

Potential Study Designs

A. Cross-sectional study of children

and

would
that

m PFAS
from
minated
FAS
methods
t with

The first design is a cross-sectional study of children who were exposed to the PFAS-contamin

ted

drinking water while attending the two day-care centers at Pease. Inclusion would be limited to [children
who attended the day-care centers any time before June 2014, and who would be in the age range of 4—

16 years at the time the study begins. During the 2015 blood testing program at Pease, 370 children aged
1-13 years contributed blood samples. If a study were to begin in 2018, these children would bg ages 4—

16 years. The study would involve re-contacting these participants and obtaining new blood sa
increase the sample size, the study would also recruit and obtain blood samples from children w
attended the day-care centers at Pease, but who did not participate in the New Hampshire blood
program. Because PFAS-contaminated drinking water exposures could occur fo children in uter;
during breastfeeding if the mother worked at the Pease Tradeport, the study would include thesg
additional children if the exposures began prior to June 2014 and their ages are 4 — 16 years at ]
the study begins...
3

ples. To
ho
testing

0 and

he time

iological |
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A comparison group of children, who did not attend day care at the Pease Tradeport and whose

parents

did not work at the Pease Tradeport or have occupational exposures to PFAS, would be recruitefl and

blood samples collected. The comparison group would be sampled from the Portsmouth public
and selected to have similar demographics as the Pease children.

Based on the health-related endpoints included in the final study, blood samples could be used t
evaluate PFAS serum levels and several biomarkers of effect, including lipids, thyroid function
function, immune function, and sex hormones. The children could also be assessed for neurolo
endpoints such as intelligence quotient (IQ), learning problems, and attention-deficit/hyperactiv
disorder (ADHD) behaviors.

Calculations were conducted assuming a sample size of 350 exposed children who attended day
at the Pease Tradeport. Additional sample size calculations assumed a sample size of 500 expo

children and 250 unexposed children. The sample size calculations also assumed a simple com
exposed versus unexposed children. A second approach was to determine the sample sizes neeg

the Pease Tradeport and 175 unexposed children from the Portsmouth area who did not attend Eif care

schools

) -
kidney
ical

ty

care at

ed
ison of
ed to

detect effects found in other PFAS studies of children with serum PFAS levels similar to those ﬁ:‘served

in the Pease children population. For some health-related endpoints, there was insufficient info
to conduct any sample size calculations.

ation

Based on sample size considerations, health-related endpoints were grouped into three categorigs: 1)

feasible to study, 2) possible to study (but would require a larger sample size than 350 exposed
and 175 unexposed children), and 3) not feasible to study using the Pease children population u
additional populations exposed to PFAS-contaminated drinking water from other affected com
- are included in the study. -

Health-related endpoints feasible to study in children at Pease

e Mean difference in lipids (total cholesterol, LDL, HDL, triglycerides)

¢ Mean difference in estimated glomerular filtration rate (¢éGFR), a measure of kidney functio
Insulin-like growth factor — 1 (a measure of growth hormone deficiency)

e Overweight/Obesity '

Health-related endpoints that may be possible to study in children at Pease (although a larg
sample size from the Pease community will likely be needed)

e Mean difference in uric acid, a measure of kidney function

e Elevated total cholesterol (hypercholesterolemia)

e Elevated uric acid (hyperuricemia)

e 1Q/neurobehavioral

e Thyroid function

e Sex hormones

e Asthma and atopic dermatitis (immune function)

e Rhinitis (stuffy, runny nose)

e Antibody responses to rubella, mumps and diphtheria vaccines

4
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Health-related endpoints not feasible to study using the Pease children population (in orde to
address these health endpoints, populations from other sites beyond the Pease community with PFAS-
contaminated drinking water would need to be included along with the Pease children population)

e Attention deficit/hyperactivity disorder (ADHD)
e Autism spectrum disorder '

* Delayed puberty

e Thyroid disease

e Childhood cancers

To evaluate exposure-response trends, the study participants would need to be split into tertiles pr
quartiles based on their serum PFAS levels. This might require a larger sample size for some ofjthe
health-related endpoints listed as feasible to study.

B. Cross-sectional study of adults

The second cross-sectional study design would involve obtaining blood samples from adults a;

PFAS studies of adults with serum PFAS levels similar to those observed in the Pease adult po Iatic_m.

Based on sample size considerations, health-related endpoints were grouped into three categorigs: 1)
feasible to study, 2) possible to study (but would require a larger sample size than 1,500 expose and
1,500 unexposed adults), and 3) not feasible to study using the Pease adult population unless additional
populations exposed to PFAS-contaminated drinking water are included in the study.

Health-related endpoints feasible to study in adulfs at Pease

e Mean difference in lipids (total cholesterol, LDL, HDL, triglycerides)
o Elevated total cholesterol (hypercholesterolemia)

e Mean difference in uric acid, a measure of kidney function

e Elevated uric acid (hyperuricemia)

» Thyroid disease (unconfirmed)

e (Cardiovascular discase

s Hypertension

¢ Osteoarthritis and osteoporosis
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* Mean differences in serum immunoglobin (IgA, IgE, IgG, IgM), and C-reactive protein (an
of inflammation); increase in antinuclear antibodies (an indicator of autoimmune reaction);
alterations in specific cytokines

Health-related endpoints that may be possible to study in adults at Pease (although a larger
size from the Pease community may be needed)

e Liver function :

» Thyroid disease (confirmed)

e Thyroid function

¢ Endometriosis

s Pregnancy-induced hypertension

Health endpoints not feasible to study using the Pease adult population (i.e., populations fr¢
sites beyond the Pease community with PFAS-contaminated drinking water would need to be in
1o evaluate these health-related endpoints)

e Liver disease

e Kidney disease

o Ulcerative colitis

» Rheumatoid arthritis

e Lupus

e Multiple sclerosis

» Kidney cancer (and other adult cancers)

To evaluate exposure-response trends, the study participants would need to be split into tertiles
quartiles based on their serum PFAS levels. This might require a larger sample size for some of!
health endpoints listed as feasible to study.,

C. Mortality study of former military service and civilian worker personnel

A third study design that was considered would evaluate mortality and cancer incidence among
military service and civilian worker personnel at the former Pease Air Force Base and other mil
bases where drinking water was contaminated with PFOS and PFHxS from the use of AFFF.

Comparison military bases would also need to be identified that had no PFAS-contaminated dri;

Agency’s maximum contaminant levels (MCLs). Personal identifier information (e.g., Social S
number, name, date of birth, sex) necessary for data linkage with the national death index and s
federal cancer registries could be obtained from the Defense Manpower Data Center.

water or drinking water contamination from other chemicals above the U.S. Environmental Pro}action

However, based on sample size considerations, ATSDR concluded that it is not feasible to cond
mortality or cancer incidence study that is limited to the military service and civilian workers w
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stationed or worked at the Pease Air Force Base. Such a study would require, in addition to the
Air Force Base populations, several thousands of exposed populations from military bases whet
contaminated drinking water occurred, as well as several thousands of comparison populations 1
military bases that did not have drinking water contamination.

Conclusions

Pease
e PFAS-

rom

* The feasibility assessment concluded that it is possible to evaluate some health-related endpoints if a

sufficient number of children and adults from the Pease population participate. Other health-rele
endpoints would require larger numbers of exposed individuals and would require the inclusion

ted
of

populations from other sites who were exposed to PFAS-contaminated drinking water. The feasjbility

assessment concluded that a third study design, a mortality and cancer incidence study of forme

'

military service and civilian worker personnel, would not be feasible solely with the population {at Pease.

No single study of the Pease population will provide definitive answers to the.community about]
their exposures to the PFAS-contaminated drinking water caused their health problems. All
epidemiological studies of environmental exposures and health outcomes have limitations-and
uncertainties. Whether a study will find an association between an environmental exposure and
effects cannot be known prior to conducting the study. The ability of a study of the Pease popul
provide useful information will depend to a great extent on the success of recruiting sufficient n
study participants. '

The feasibility assessment is still a draft. It will be finalized once the Pease Community Assis

ta
Panel (CAP) and the larger Pease Tradeport community have the opportunity to review and mal}e

comments on the assessment. ATSDR will then revise the assessment based on the comments r
The feasibility of successfully evaluating particular health-related endpoints (or effect biomarke
change depending on final study design and goals.
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Introduction

This draft report describes the approach and the conclusions of the Agency for Toxic Substanceand
Disease Registry’s (ATSDR’s) feasibility assessment of possible drinking water epidemiologicdl studies
at the Pease International Tradeport (“Pease”), Portsmouth, New Hampshire. The purpose of th
feasibility assessment was to determine whether epidemiological studies are reasonable to condjict at
Pease and whether data exist to conduct scientifically credible epidemiological studies. This dr
feasibility assessment report for possible future studies at Pease International Tradeport is bein
distributed to the Pease Community Assistance Panel (CAP) for members’ review and input. Input from
the CAP is intended to help ATSDR ensure the proposed research is relevant to community conperns.
The report is a DRAFT document that may be edited based on CAP input; it is not intended to e a
protocol or systematic literature review. The final study design, including sample size, the health
endpoints that can be considered and the development of the study protocol itself, including the| -
statistical analysis approach have yet to be determined. The Pease CAP will have an opportunity to
review and provide input on a draft of the study design before it is finalized. The draft feasibility
assessment does not represent a commitment by ATSDR to conduct research at Pease Internatignal
Tradeport, given that funding and staffing to conduct the described research are not available at|this
time,

Three criteria were used to determine whether epidemiological studies are warranted at Pease:

1. Meaningful and credible results —a study should have sufficient validity and precisio, be
capable of detecting health-related effects, and be as responsive as possible to the community’s
questions and concerns. Ideally, a study should also be capable of detecting health-relat
effects, for example a 20% to 100% increase in risk with sufficient statistical power (i.e.
statistical power >80%). To achieve sufficient validity, a study should minimize biases such as
selection bias and confounding bias. Sufficient precision can be achieved by a sample size that
has at least 80% statistical power to detect health-related effect sizes observed in other studies
for PFAS serum levels similar to those in the Pease population.

2. Scientific importance — a study should evaluate biologically plausible diseases and otHer
health-related endpoints (also called “effect biomarkers™) and improve our understanding of
possible health effects of PFAS exposures and fill important data gaps. Evidence for the
biological plausibility of a health-related endpoint can come from animal studies of PFASS
exposures, information on how PFAS exposures cause adverse effects (i.e., mechanistic
information), and epidemiological studies. Since PFHxS and PFOS serum levels were elgvated in
the Pease population compared to national data, a Pease study should focus on data gaps
concerning the health effects of exposures to these chemicals. The feasibility assessme
included a literature search of epidemiological studies of PFAS exposures to identify the health-
related endpoints evaluated in these studies and the data gaps that exist on the health effects of
PFHxS and PFOS.

3. Public health significance — a study should provide a basis for determining if PFAS exposures
increase the risks for specific adverse health effects, and if so, what public health actiong are
necessary to reduce the risks. In particular, the study should provide a basis for early mefical
intervention for health outcomes that are not routinely evaluated in physical exams. The [study
should also be relevant to other populations with similar exposures.
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In addition to the above criteria, a feasibility assessment must address specific questions:

1. Can the study population be enumerated and selected to minimize selection bias? (Selection bias
occurs when the probability of selection is related both to exposure status and to diseaselstatus.)
Is there an appropriate comparison population?
Is there a complete exposure pathway, well-defined exposed population, and ability to a$sign
levels of exposure with adequate accuracy?
Is there justification for studying the specific health outcome(s) being considered? (e.g., [is there
suggestive biological evidence? A finding in a previous study?)
Can the health effect(s) be validly ascertained or measured?

[s the exposed population sufficiently large so that risks can be estimated with precisiony
Can information be obtained on other risk factors that need to be taken into account?
Can a study answer the questions of concern to the Pease community?

-l

PN A

Site history

The Pease International Tradeport is located in Portsmouth, New Hampshire. It contains over 250
companies employing more than 9,525 people. In 1993, companies began to operate at the Peas
Tradeport. Two day-care centers are located at the Tradeport. One of the day-care centers estimated that
about 695 children attended the center during 1996-2016. The other day-care center could not easily
compile total enrollment statistics, but its capacity is 220 children, they usually enroll about 180-195
children at a time, and they have been operating for almost 7 years. As of July 2015, the estimated
population of Portsmouth was 21,530 (http://www.census.gov/quickfacts/table/PST045215/3862900).
According to the 2010 census, 4.7% were children younger than 5 years, 11.9% were children 6-17
years, 67.5% were adults ages 18-64 years, and 15.9% were adults ages 65 years and older.
Additionally, 51.5% of the population were female, 91.5% were white, and 95.6% of persons ages 25
years and older were high school graduates.

The area on which the Tradeport is located was originally built in 1951 as part of the Pease Air Force
Base. In October 1989, 3,465 military personnel were assigned to the base, accompanied by 4,746
dependents. The Air Force estimated that 537 civilian employees worked on-base at that time (ATSDR
1999). During 19701990, an average of 3,000 personnel and their families were assigned to the base at
any one time. Before 1970, the base supported a maximum of 5,000 personnel (ATSDR 1999).

Three major supply wells provided drinking water to the base: the Haven, Smith, and Harrison wells.
Before 1981, the wells fed directly into the distribution system so that a particular area of base yould
- primarily receive water from the nearest well. After 1981, the water from the three wells were Ljnixed

together and treated before entering the distribution system. These same three supply wells provided
drinking water to the Pease Tradeport after it opened.

serving the base were contaminated. The maximum concentrations of TCE measured in the Haven and
Harrison supply wells were 391 micrograms per liter (ug/L) and 28.5 pg/L, respectively. After the

discovery of the contamination, those wells were shut down and the city of Portsmouth supplied
drinking water to the base during 1977-1978. In the fall of 1978, the wells were back in operation. TCE
levels in the Haven well fluctuated between 50 pg/L and 115 pg/L from the fall of 1978 through January

In 1977, water from the base wells was found to contain trichloroethylene (TCE). Two of the thﬁe wells |

9
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1980, then fell below 50 pg/L, with an occasional spike above 50 pg/L through October 1980. From
November 1980 through July 1981, TCE levels averaged about 30 pg/L, then fell to around 10 [ug/L
from August 1981 through May 1983 Levels continued to decline, but did not remain consmtcllaﬂy
below the current U.S. Environmental Protection Agency (EPA) maximum contaminant level (MCL) in
drinking water of 5 pg/L until January 1986 (ATSDR 1999).

The base officially closed in October 1991, and most of the property was transferred to the Peage
Development Authority (PDA). During 1993, the business and aviation industrial patk began operation.
The City of Portsmouth entered into a long-term lease and operation agreement with the PDA tp operate
and maintain the public water system serving the Tradeport.

(=)

From approximately 1970 until the base closed, aqueous film-forming foam (AFFF) was used t
extinguish and prevent flammable liquid fires. AFFF was also used during firefighting training at the
base. Through 2001, perfluoroalkyl substances (PFAS) were used in the manufacturing of AFFF,
including perﬂuorooctanonc acid (PFOA), perfluorooctane sulfonate (PFOS), and perﬂuorohexane
sulfonate (PFHxS). AFFF containing PFAS likely leached into the soil and groundwater and migrated to
the three supply wells serving the Pease Tradeport. It is not known when these wells were contgminated
with PFAS, but it is possible that the contamination began before the opening of the Tradeport, jwhen the
Air Force base was still in operation. _

The Haven, Smith and Harrison wells have also served the Tradeport. In addition, the City of
Portsmouth has the capability to supply water to the Tradeport via its main distribution system. [Monthly
pumping records for the three wells were provided by the City of Portsmouth, Department of Public
Works. Up through 1999, the Haven well on average provided about 56% of the total water supply at the
Tradeport, with the Smith well providing 44% and the Harrison well out of service. In 2000-2001, the
Haven well supplied 88% of the supply and the Smith well supplied 12%. From 2003 until it was taken
out of service in May 2014, the Haven well on average supplied about half the water supply. By 2006,
the Harrison well was back in service and the Smith and Harrison wells together supplied on avgrage
about half of the water supply at the Tradeport. After May 2014, the Smith and Harrison wells supplied
56% of the Tradeport water supply and the City of Portsmouth provided the other 44%.

In 2009, EPA established provisional health advisory levels for PFOS and PFOA of 0.2 pg/L and 0.4 I
ng/L, respectively [US EPA 2009]. In 2013, sampling of monitoring wells at the former Pease )‘m Force

Base fire training areas detected PFOS and PFOA above these EPA provisional health advisory|levels.
In May 2016, EPA established a new lifetime health advisory for PFOS and PFOA that said the|
combined concentrations of PFOS and PFOA. in drinking water should not exceed 0.07 pg/L [US EPA
2016a]. No drinking water health advisory level has been established for PFHxS or other PFAS
chemicals. While the EPA has a lifetime health advisory for PFOS and PFOA, no federal reguldtory
standards for these contammants have been issued.

In April and May 2014, the three supply wells serving the Tradcport were sampled for PFAS. In the
April sampling, the Haven well had PFOS, PFOA, and PFHxS levels of 2.5 pg/L, 0.35 pg/L, m{l 0.83

pg/L, respectively. In the May sampling, the Haven well had PFOS, PFOA, and PFHxS levels df 2.4

- pg/L, 0.32 pg/L, and 0.96 pg/L. Other PFASs were also detected in the Haven well. The Harrison well
had much lower levels of these contaminants with maximum PEOS, PFOA, and PFHxS levels of 0.048
pg/L, 0.009 pg/L, and 0.036 pg/L, respectively. The Smith well had maximum levels of PFOS and
PFHxS of 0.018 pg/L and 0.013 pg/L, respectively, with an estimated level of PFOA of about 0,004

pg/L.
10
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No samples of the Pease Tradeport distribution system for PFAS are available from the period When the
Haven well was in operation. We can use a simple mixing model to estimate the PFAS levels in the
distribution system, assuming that contamination concentrations are approximately uniform thrl%ughout
the system. The model takes into account the pumping rates for each of the three wells, the tota] water
demand, and the concentrations of PFAS in the wells during the April and May 2014 sampling|Using
this simple approach the estimated levels of PFOS, PFOA, and PFHxS in the Pease Tradeport
distribution system in April 2014 would be approximately 1.4 pg/L, 0.2 pg/L, and 0.5 pg/L,
respectively.

In April 2015, the City of Portsmouth created a community advisory board (CAB) to address the PFAS
contamination in the Tradeport drinking water. The CAB was established to act as a liaison betiveen the
affected community and the New Hampshire Department of Health and Human Services (NH DHHS),
" to represent the diverse views of the affected community, to review the blood testing conducted by NH
DHHS, and to provide input into future direction of the blood testing program (CAB 2015). The CAB
held 14 public meetings during May through December 1, 2015, and disbanded after issuing itsE'maI
report of its activities on December 21, 2015. Among the recommendations of the CAB in its final
report were the following:

1. Establish a community body to coordinate ongoing issues with ATSDR, NH DHHS, and the U.S.
Air Force’s Restoration Advisory Board at Pease and to provide an effective mechanisni for
communication with all persons working or cared for at the Pease Tradeport.

2. A new community body shc-:uld, along with its partner agencies, provide health education to the
public regarding environmental chemical exposures and how exposures and risks can be reduced. |,

In February 2016, ATSDR began recruiting community volunteers to serve as members of a Pease
community assistance panel (CAP). Technical advisors who could help CAP members in reviewing the
scientific information on PFAS and proposed health activities were also recruited. The purpose of the
CAP was to provide a mechanism for the community to participate directly in ATSDR’s health activities |
related to the exposures to the contaminated drinking water at the Tradeport. The CAP would ptovide
input concerning possible health activities proposed by ATSDR. CAP members would also woik with
ATSDR to gather and review community health concerns, provide information on how people might -
have been exposed to hazardous substances, and inform ATSDR about ways to involve the comimunity.
The first public meeting of the CAP was held in May 2016 in Portsmouth. The second public mgeting
was held in September 2016. ATSDR has also convened monthly calls with the CAP.

Community concerns

The final report of the CAB, issued on December 21, 2015, noted that “...the lack of any definitive
information regarding the possible health effects of PFC [perfluorinated compound] exposure rémains a
source of frustration and concern.” [CAB 2015] The report concluded, “There is a great need tojbetter
understand what if any health effects might result for PFC exposure, and at what levels of exposure
these risks might be manifested.” | '

In an email sent to ATSDR in November 2015, the CAB asked that ATSDR consider the following
question: “What, if any, long-term health effects, such as specific cancers, elevated blood lipids{ thyroid
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function, immune function and developmental delays, are associated with the PFC exposure at Pease?

This question should be broken down with regard to specific populations including children,
nursing/pregnant women, firefighters, and adult exposed workers.” This question was reiterated

at the

first in-person CAP meeting in May 2016. Some CAP members, as parents, were very concerndd about
the health of their children who were exposed at a critical, early age of development while attending the

two day-care centers at the Pease Tradeport. They noted the lack of pediatric studies associated
PFAS exposure and wanted ATSDR to consider testing the exposed children for health endpoi

ith
such

as lipids. CAP members also voiced concern about the exposed adult population, especially former
military service personnel and civilian workers at the former Pease Air Force Base. Concern was also

expressed for firefighters who were exposed to contaminated drinking water at Pease and also
AFFF as part of their firefighting duties. CAP members expressed their desire for a longitudinal
approach (compared to a cross-sectional approach) to evaluate short-term and long-term health
conditions, including cancers.

Exposure assessment

rectly to

Using the information currently available on PFAS concentrations in the supply wells during April and

May 2014, supply well pumping data, the total demand-in the system, and assuming that PFAS
concentrations in the supply wells during the April-May 2014 sampling reflect historical concef

trations

(given the persistence of these chemicals in the environment), a simple but crude assessment of [PFAS

drinking water exposures could be conducted. However, to accurately estimate historical PFAS

concentrations in the Haven,; Harrison, and Smith supply wells and the distribution system they served,

both during the operation of the Air Force base and the Tradeport, would require the following

eps:

1. Obtain information on the locations and use of AFFF at the Air Force base, including acgidental

releases.

2. Model the migration of contaminants from the soil where AFFF was used or released to
groundwater and then to the supply wells.

3. Model the PFAS concentrations throughout the distribution system.
Historical reconstruction of PFAS concentrations in the drinking water distribution system woul
needed to assess exposures to service personnel and civilian employees who were at the Air For
during its operations, and to workers and day-care attendees at the Tradeport.

the

d be
ce base

Another important source of information on exposures at the Pease Tradeport was the NH DHHS PFAS

blood testing program conducted during April-October 2015. A person was eligible for this pro

pram if

he or she had worked at, lived on, or attended childcare at the Pease Tradeport or Pease Air Forie Base,
1

or lived in a home near the Pease Tradeport that was served by a PFAS-contaminated private w
total of 1,578 persons volunteered to submit a blood sample for PFASs testing [NH DHHS 2016
was a convenience (or volunteer) sample, not a statistically based sample. Nevertheless, the test

program provided important information on the extent and magnitude of exposures to the PFAS}

contaminated drinking water at the Pease Tradeport.

Table 1 shows the serum concentrations of PFOS, PFOA, PFHxS, and perfluorononanoic acid (}
for the 366 children younger than 12 years at the time of testing and comparison values from stu
conducted in Texas [Schecter 2012] and California (Wu 2015). Data from the National Health a
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Nutrition Examination Survey (NHANES) are not available for children younger than 12 years.

NHANES testing for serum PFAS was restricted to those ages 12 years and older. The Californja study l

[Wu 2015] conducted a random sample of households in northern California and obtained blood samples
from 68 children ages 2—8 years for PFAS analyses during December 2007—-November 2009. The
parents of the children had higher education levels than the general population. The Texas study
[Schecter 2012] analyzed serum samples collected from 300 children ages <12 years at a children’s
hospital during 2009. Whether the children in the Texas study were healthy or receiving trcatmgnt for

illness was not reported. None of the California and Texas children were known to be exposed to PFAS-
contaminated drinking water. The children in both studies were considered to be representative pf
general population exposures to PFAS via diet and consumer products.

Table 1 shows that the median and geometric mean serum PFHxS and PFOS levels in the Peasejchildren
(ages <12 years) are considerably higher than background median and geometric mean levels seen in the
Texas and California studies. For PFOA, the Pease children have slightly higher levels than the
reference group in the Texas study, but lower than in the California study. However, the compatisons
with Texas and California results might not be appropriate given the difference in sampling yeats.
Nationally, serum levels of PFOS and PFOA have been declining sharply over time. For example, in the
1999-2000 NHANES cycle, the geometric mean serum PFOA level for persons aged >12 years|was 5.2
pg/L. By the 2013-2014 cycle, it had declined to 1.9 pg/L. Serum PFOS declined even more sharply,
from 30.4 pg/L during the 19992000 cycle to 5.0 pg/L in the 2013-2014 cycle. PFHxS also declined,
but more gradually, from 2.1 pg/L during the 19992000 cycle to 1.3 pg/L in the 2013-2014 cycle. In
the NHANES 2013-2014 cycle, children ages 12—19 years had geometric mean PFOA, PFOS, and
PFHxS serum levels of 1.66 pg/L, 3.54 pg/L, and 1.27 pg/L, respectively. Therefore, the most
appropriate PFAS comparison values for the Pease blood testing program would be serum levels
obtained near in time to the Pease sampling (i.e., 2015). Such comparison values are not currently
available.

Table 2 shows the serum concentrations of PFOS, PFOA, PFHxS, and PFNA for the 1,212 participants
ages 12 years and older at the time of testing and comparison values from NHANES for 2013-2014 (the
. most recent years data are currently available). Table 2 indicates that, similar to the children at Fease,
the median and geometric mean serum levels of PFHxS and PFOS among those ages 212 years are
considerably higher than those in the NHANES 2013-2014 cycle. The median and geometric mgan
serum PFOA among those at Pease were also slightly elevated compared with NHANES results

In analyses conducted by NH DHHS, geometric mean PFHxS serum levels were higher for persons who
drank >4 cups of water per day compared to those who drank <4 cups per day. Of all the PFAS serum
levels measured, water consumption had the strongest effect on PFHxS serum levels. In particular, water
consumption had the highest effect on PFHxS serum levels among persons aged <19 years (B=0.31, SE
- =0.15, marginal effect = 36.4%). Geometric mean PFOS and PFOA serum levels were also higher
among persons who drank >4 cups of water per day compared with those who drank <4 cups pef day
[NH DHHS 2016]. Linear trends were observed for geometric mean serum levels of PFOS, PFQA, and
PFHXxS and increasing time spent at the Pease Tradeport. The trend was strongest for PFOS and [PFHxS
[NH DHHS 2016].
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Summary of literature review

ATSDR reviewed published health studies to identify health-related endpoints that have been studied

and the data gaps that exist, in particular, for the effects of PFHxS and PFOS. The literature rev

ew also

was used to identify adverse effect sizes observed in the PFAS studies for PFAS serum levels similar to

those found in the Pease population.

The Appendix has a listing of the epidemiological literature on PFAS exposures and adult cangs, other

adult diseases, and adverse outcomes in children. Tables 3 and 4 provide a summary. In these
“+” indicates that at least one study had a finding for a specific PFAS chemical that suggests an
increased risk of an adverse outcome (e.g., an odds ratio [OR] or risk ratio [RR] of >1.20), and
indicates that no study has been conducted for that PFAS chemical. In these tables, an “I” indic

les, a

Ceofend

tes that

the findings from studies have not suggested an increased risk for an adverse outcome (e.g., all odds
ratios or risk ratios are <1.20) but the information is too limited to conclude that there is no association

between the PFAS exposure and the adverse outcome.

These tables are for illustrative purposes, to indicate where data gaps exist and therefore additio
research may be needed. Tables 3 and 4, and the tables and descriptions of the studies in the app
should not be interpreted as implying causation or as an assessment of the weight of evidence fd

hal
endix,
I an

association, Currently, epidemiological research on the health effects of PFAS exposures is at an early

stage. This is particularly true for PFHxS in addition to PFAS chemicals other than PFOA and K
However, even for PFOA and PFOS, additional research on all the health-related endpoints me}

in these tables will be needed to provide sufficient evidence for causal assessments and to address

community health concerns.

Adult cancers and other adult diseases

Based on its assessment of the epidemiological literature, ATSDR concluded that there was lim
no information concerning associations with PFAS exposures and most cancers and other adult
(Table 3). In particular, very few studies have evaluated PFHxS exposures and cancers and othe

diseases. Although more information is available for PFOS exposures and cancers and other adllt
to

diseases than for PRHxS exposures, the information is still very limited and therefore inadequat
determine whether PFOS exposures increase the risk for most of the adult diseases evaluated. Al
more information is available on PFOA exposure, the information is still too limited to determir
* whether a causal association exists between PFOA and specific cancers and other adult disease.

FOS.
htioned

ted or
diseases
radult

though

&

Therefore, additional research on the effects of PFHxS, PFOS, and PFOA would be needed to dPtermine

whether exposures increase the risk for many adult cancers and non-cancer diseases.

Health effect_s in children

There is some evidence that PFAS exposures are associated with decreased birth weight, small fetus size

for gestational age, measures of intrauterine growth retardation, and preterm birth. In particular,

two

meta-analyses have found an overall decrease in birthweight associated with PFOA and PFOS [JVemcr

* 2015; Bach 2015]. However, the findings across studies are inconsistent for these outcomes and
other adverse birth outcomes, and few studies have evaluated PFHxS. Several studies of infants
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found that prenatal PFAS exposures affect thyroid function, but only two studies have evaluated thyroid
function in older children. A few studies have found elevated uric acid with PFAS exposures, b

and other sex hormones have been conducted. However, the findings have not been consistent
studies and further research is needed. Three of the studies did find that PFAS exposures dect:
testosterone in boys or girls. There is some evidence from four studies that PFAS exposures mi
associated with ADHD, but findings have not been consistent across studies. Evaluating the evidence for |
PFAS exposures and neurobehavioral outcomes is difficult for several reasons: 1) the studies usgd
different methods to measure the outcomes, 2) studies are inconsistent in the outcomes evaluated, and 3)
too few studies have been conducted. A few studies have found associations between PFAS exposures
and a decline in antibody response to specific vaccines, but only two studies evaluated the samejvaccine
(i.e., rubella). In summary, there are considerable data gaps concerning the health effects in children of
PFAS exposures. This is because of the small number of studies conducted, inconsistencies in methods
and findings across studies, and limited sample sizes in some studies. As for other adverse outcomes,
few studies have evaluated the effects on children of PFHxS exposures.

Sources of adverse outcome data for the Pease population

The adverse outcomes of interest for PFAS exposure that can be ascertained from the birth certificate are
pregnancy-induced hypertension, diabetes, small for gestational age (SGA), low birth weight, birth
weight, preterm birth, and gestational age. Although the birth certificate has a checklist for sonjcn ital

anomalies, the most reliable data on birth defects are provided by population-based birth defect
registries. Birth defects registries exist in 41 states, including New Hampshire, The New Hampshire
Birth Conditions Program (NHBCP), based at the Geisel School of Medicine at Dartmouth College,
began collecting data on births occurring in-state to New Hampshire residents in 2003
(http://www.cde.gov/ncbddd/birthdefects/states/newhampshire.html). Data reported on 46 diffegent birth
defects are ascertained for infants aged <1 year are collected through active surveillance methods.
Congenital hypothyroidism data can be obtained from the newborn screening program. Newborh
screening for congenital hypothyroidism is conducted in every state, including New Hampshire!

The birth certificate has information on sex of the child, plurality, gestational and pre-pregnancy
diabetes, previous preterm birth, parity and gravidity, cigarette smoking before and during pregnancy,
principal source of payment for the delivery (a measure of socio-economic status), date of last
pregnancy, date of last normal menses, date of first and last prenatal care visit and total number jof
prenatal care visits, race/ethnicity of the mother and father, education of the mother and father, parents’ |
names and address, mother’s marital status, labor and delivery complications, and whether the infant is
being breastfed at discharge. The New Hampshire Division of Vital Records Administration collects
information on births in New Hampshire from hospitals and midwives, birth certificates, and interstate
exchange agreements for births occurring out-of-state to New Hampshire residents
(http://www.dhhs.nh.gov/dphs/hsdm/birth/ ).

Mortality information is available from the National Death Index (NDI) operated by the National Center
for Health Statistics (NCHS), Centers for Disease Control and Prevention. Currently, 2014 data fare
complete and available for searches. “Early release data” for 2015 are >90% complete (98% complete
for New Hampshire) and also available for searches. NDI “plus” provides information on cause jof death
(underlying, contributing and all other causes of death listed on the death certificate) and date ajd state
of death based on death certificate data provided by the states. The NDI has data starting from 1979.
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New Hampshire death certificate data are available from the New Hampshire Division of Vital{Records
Administration, which collects information on deaths of New Hampshire residents and deaths ¢ccurring
in New Hampshire (http://www.dhhs.nh.gov/dphs/hsdm/death/index.htm). Information on deaths of
New Hampshire residents that occur out-of-state is captured through interstate exchange agreements.
Information on underlying cause of death and up to 14 contributing causes of death is collect

Complete data are available approximately 24—48 months after the close of a calendar year.

Population-based cancer registries exist in all 50 states and Washington, DC. The New Hampshire State
Cancer Registry (NHSCR) is a statewide, population-based cancer surveillance program that h;
collected incidence data on all cancer cases diagnosed or treated in the state since 1985
(http://geiselmed.dartmouth.edu/nhser/). NHSCR, which is contracted to the Geisel School of Medicine
at Dartmouth College, currently collects data from the larger hospitals in the state, NHSCR alsq receives
case reports from physician practices, free standing radiation oncology centers, pathology laboratories
and other sources. NHSCR staff assist hospitals with fewer than 100 cases per year with reporting.
Through interstate data exchange agreements, NHSCR also receives case reports for New Hampshire
residents who are diagnosed outside the state,

The New Hampshire Uniform Hospital Discharge Data Set (UHDDS) collects discharge data frpm all
health care facilities in the state (acute care hospitals, specialty hospitals, freestanding hospital
emergency facilities, and walk-in urgent care centers), as required by law
(hitp://www.dhhs.nh.gov/dphs/hsdm/hospital/index.htm). Discharge data from Maine, Massachusetts,
and Vermont hospitals for New Hampshire residents are included in the UHDDS via interstate data
exchange agreements. The dataset includes transfers of NH residents. Chronic diseases such as asthma,
chronic obstructive pulmonary disease, angina, hypertension, congestive heart failure, hypoglycemia,
and diabetes are included in the UHDDS. Limitations of this dataset are that discharges are not
duplicated and one person with multiple admissions might falsely increase the number of perso
hospitalized. Additionally, state law requires health care professionals to report information on ¢hronic
health conditions relating to children, infectious diseases, immunizations, and autism to NH DHHS

(http://www.healthinfolaw.org/state-topics/30.67/f topics).

To ascertain autism or ADHD reliably, a review of school special education records and medica
from providers that conduct developmental evaluations of children or provide treatment is nec
Portsmouth, records are available from three elementary schools (serving grades K-S5), one middle
school (serving grades 6-8), and one high school (serving grades 9-12). Projected enrollment for the
2016-17 school year was 988 students in the elementary schools, 516 students in the middle schpol, and
1,183 students in the high school (http://cityofportsmouth.com/school/FY16BudgetBooklet.pdf)} In
school year 20152016, the Portsmouth Public Schools provided special education services to 416
students. Among those students, 121 (29.1%) had an orthopedic impairment, 36 (8.7%) had a
speech/language impairment, 32 (7.7%) had a developmental delay, 25 (6.0%) had autism, 17 (4,1%)
had an emotional disturbance, 11 (2.6%) had some other disability, and 174 (41.8%) were classitied as
having a “specific learning disability.”

records
y. In

Various studies have focused on West Virginia and Ohio residents and workers exposed to PFOA from a
chemical plant (the “C8” studies) [Frisbee 2009]. In a C8 study that evaluated ADHD, affected persons
were identified via questionnaire, which included a question requesting information on medications used
[Stein 2011]. For chronic diseases, the C8 studies relied primarily on self-reported information fijom
questionnaires with attempted confirmation of self-reports by obtaining medical records.
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Sources of exposure data

An important source of exposure information is PFAS biomonitoring. Measuring serum levels qf PFAS
chemicals provides information on the amount of these chemicals that has entered the body from all

DHHS biomonitoring program in 2015. In the C8 study, blood samples for PFAS analyses wer
obtained from 66,899 persons during the 13-month baseline period, 20052006 [Frisbee 2009].

exposures, unless the person is or was also exposed occupationally (e.g., firefighters, PFAS
manufacturing workers).

function) affects the elimination of PFAS in the body, causing higher serum levels of PFAS. Other
problems include potential confounding by a factor that is both a risk factor for the disease of interest
and a factor influencing serum PFAS levels (e.g., parity in the evaluation of adverse birth outcomes). .
Another limitation is that biomonitoring results, by themselves, might not provide sufficient information
to estimate historical exposures. Estimating historical exposures is necessary to assess cumulatiye
exposure and to characterize periods of special vulnerability to PFAS exposures, such as prenal
early childhood exposures.

or

Modeling methods are used to reconstruct historical PFAS serum levels. The results of PFAS
biomonitoring can be used to validate estimates of PFAS serum levels obtained from modeling.
C8 researchers have successfully used physiologically based pharmacokinetic modeling of absorption,
distribution, metabolism, and excretion of PFOA. in the body in conjunction with drinking water '
contaminant levels, estimates of water intake, and residential history to predict historical and cufrent
PFOA serum levels [Shin 2011]. Researchers have also been able to simulate PFOS serum levels using
information on drinking water levels and PBPK modeling [Loccisano 2011]. Therefore, reconstguction
of historical PFOS serum levels is also feasible. However, reconstruction of PFOA and PFOS sdrum
levels is limited by various uncertainties. These include lack of accurate information on individyal
consumption of drinking water and length of time exposed and limited information on factors that
produce inter-individual variability (e.g., gender, age) and pre-existing medical conditions (e.g.,|
compromised renal function) [Loccisano 2011]. Nevertheless, the ability to predict serum PFOS}jand
PFOA levels based on drinking water contamination levels can substitute for, and enhance, the
information provided by PFAS biomonitoring.

Issues concerning cross-sectional study designs

Cross-sectional studies are especially suitable for assessing effect biomarkers and the prevalences of
nonfatal diseases, in particular, diseases with no clear point of onset [Checkoway 2004]. However, if the
cross-sectional study concurrently measures the exposure and the outcome (i.e., the disease or eifect
biomarker), then it might be difficult to determine whether the exposure caused the outcome or whether
the outcome influenced the measured exposure level [Flanders 1992, 2016]. For example, as dispussed
above, the concurrent measurement of serum PFAS levels and kidney function biomarkers might raise
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the question of “reverse causation” because kidney function can affect the levels of PFAS in sefum. This
issue can be addressed by estimating exposures based on the historical reconstruction modeling|of serum
PFAS levels. In addition, it might be possible to estimate exposures during critical vulnerable periods
(e.g., in utero exposure) through the modeling of historical serum PFAS levels. However, the mbdeling
of historical PFAS serum levels is subject to uncertainties and data limitations, as discussed aboye, and
published methods are available only to model serum levels of PFOA and PFOS.

Other issues concerning cross-sectional study designs are similar to those that confront other
observational study designs, such as cohort studies. These issues include: 1) the ability to clearly define,
enumerate and recruit (without introducing selection bias) the exposed and comparison populatipns, 2) ‘
the comparability of the exposed and comparison populations on risk factors other than the PF
exposures, 3) accurate exposure assessment, and 4) accurate measurement of effect biomarkers and
ascertainment of diseases. :

Based on its review of the literature, ATSDR concludes that several health-related endpoints coyld be
considered for studies of the Pease population. It is also clear that exposures to the PFAS-contaminated
drinking water have occurred in the Pease population, as documented by the observed serum PFAS
levels in the NH DHHS PFAS blood testing program. Therefore, it is reasonable to conduct
epidemiological studies of the Pease population. However, whether it is feasible to study a specific
health-related endpoint depends to a great extent on the size of the exposed population that can be
recruited into a study. The usual approach to determine the necessary size of the study population for
each health-related endpoint is to conduct sample size calculations.

All epidemiological studies of environmental exposures and health outcomes have limitations arjd
uncertainties. Whether a study will find an association between an environmental exposure and health
effects cannot be known prior to conducting the study. No single study of the Pease populatiot;{‘vnill

provide definitive answers to the community about whether their exposures to the PFAS-contaminated
drinking water caused their health problems. The ability of a study of the Pease population to provide
useful information will depend to a great extent on the success of recruiting a sufficient number pf study
participants.

Feasibility of an epidemiological study of children at the Pease Tradeporjt

The first population that ATSDR considered for an epidemiological study was the children who attended
the two day-care centers at the Pease Tradeport. One reason to focus on children is that they are fnore
vulnerable to environmental exposures, in particular exposures to potential endocrine-disrupting
chemicals. In addition, there is serious concern in the community about the possible health effects to
children from the drinking water exposures, which was conveyed to ATSDR by the Pease CAP. Finally,
a study of children who attended daycare at the Pease Tradeport is the most feasible epidemiological
study to conduct, The population is less transient than an adult population and the adverse health
endpoints of interest do not require as large a sample size as adult chronic conditions.

The public health significance of conducting a study of these children consists of 1) the possibility of
early intervention if early signs of adverse health effects, including developmental delays, are observed
and 2) the relevance of a study at Pease for other populations exposed to drinking water primaril)
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because of key data gaps concerning PFAS exposure effects on sex hormones and on neurobeh
immunological, and thyroid function. Animal studies support the biological plausibility of imm

contaminated with PFOS and PFHxS. A study of children at Pease would have scientific hnpor%mcc ‘
n

effects. Animal data also suggest that PFAS might be developmental neurotoxicants that can alter

ioral,
e

cognitive function and reduce learning ability. PFAS also have endocrine-disruptive properties and

could interfere with thyroid function and sex hormones. A study of children at Pease would be
responsive to the community’s concerns and has the potential (from the perspective of statistica

power)

to provide meaningful and credible results for some of the adverse outcomes of interest. However, a
study limited to the population of children who attended the Pease Tradeport day-care centers wiould

likely not be sufficiently large for some of the possible adverse outcomes of interest (e.g., highef
prevalences of rare diseases or very subtle changes in biomarkers of effect that have becn obsery
research conducted elsewhere).

A.. Study population

The population of interest could be persons who attended day care at the Pease Tradeport before

ed in

June

2014 and are in the age range of 4—16 years at the start of*the study. The end of the period was sglected
because the Haven well was taken out of service in May 2014. Because PFAS-contaminated drinking
water exposures could occur to children in utero and during breastfeeding if the mother worked &t the
Pease Tradeport, the study would include these additional children if the exposures began prior fo June

2014 and their ages are 4 — 16 years at the time the study begins.

The age range for the Pease children study was determined by taking into account the age ranges in

previous PFAS studies and the age range appropriate for the candidate endpoints. Previous

epidemiological studies of children exposed to PFAS included varying age ranges. Because of dita

limitations (i.e., no PFAS serum data for those aged <12 years), the studies that used NHANES

ata

evaluated those aged 12—18 years or 1219 years. Some of the C8 studies limited participant ages to

those <12 years; other C8 studies included persons up to 18 years of age. The upper age limit fos
of the Taiwan children studies of PFAS was 15 years. An age range of 416 years would overlap
ranges in these studies.

The chosen age range also reflected the focus of the study (i.e., children exposed to the PFAS-
contaminated drinking water while attending daycare at the Pease Tradeport). The younger age |
years was chosen because intelligence quotient (IQ) testing is available for those aged 4 years an,
(For example, the Wechsler Preschool and Primary Scale of Intelligence test has an age band of 4
to 7 years, 7 months that overlaps the Wechsler test for those aged 616 years.) The Strengths aj
Difficulties Questionnaire (SDQ), a behavioral screening questionnaire used in a Faroes study [C
2016], a Taiwan study [Lien 2016] and a Danish study [Fei 2011] has an age range of 4 — 16 yea
upper age limit of 16 years was chosen for three reasons:

1. Age at puberty was a candidate endpoint and virtually all of the children in a C8 study ac
puberty by age 16 years,

2. The IQ and SDQ testing instruments for children have an upper age limit of 16 years.

many
the age

imit of 4
d older.
| years
1d
ulhote
rs. The

hieved

3. Children aged >16 years would have been last exposed (i.e., last attended daycare) more than 10

years ago.
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Table 5 provides the data on serum PFOS, PFOA, and PFHxS for the 370 children who participated in
the 2015 NH DHHs testing program at Pease and who were aged 1-13 years at the time of blood draw.
These children would be aged 4-16 years in 2018. The geometric mean serum PFHxS in these ¢hildren
was 3.80 pg/L, approximately three times higher than the serum levels reported in the Texas [S¢hecter
2012] and California [Wu 2015] studies and in the NHANES data for 2013-2014.

We currently do not know how many children attended daycare at the Pease Tradeport before Jine 2014
and who would be in the 416 years age range in 2018. The Discovery Child Enrichment Cente is
located at the Pease Tradeport and began operation in 1994. Its yearly enrollment is approximately 149
children ages 6 weeks to 5 years. Computerized records at this day-care center start in 1996. A
preliminary records search by the director of the Discovery Child Enrichment Center identified 695
children who attended the daycare during 19962015 and who would be aged of 618 years in 2018.
Based on the results of this search, the number of children who attended this day care prior to Jyne 2014
and would be between the ages of 4 and 16 years in 2018 could be within the range of 250 — 45
individuals.

The Great Bay Kids® Company is also located at the Pease Tradeport and began operation in 20]0. Its
annual enrollment is approximately 270 children aged <12 years. Assuming thdt most of the children
enrolled would be <5 years of age, and that most of the children attend daycare for 4 years, about 300
children might have attended this daycare during the period of interest and would be aged 416 jyears in
2018.

Assuming that a minimum of about 500 children attended the two day-care centers at Pease befqre June
2014 and would be aged 4-16 years in 2018, and assuming a reasonable participation rate of 70%, it
would be possible to recruit 350 Pease children into the study. It would also be feasible to recruif at least
175 children in the same age range from the public schools in Portsmouth, NH, who were unexposed to
the PFAS-contaminated drinking water at the Pease Tradeport and whose parents did not work at the
Pease Tradeport or have occupational exposures to PFAS. It is reasonable to assume that participation
rates would be high because of strong interest in the community concerning the Pease Tradeport :
situation. Moreover, the Pease CAP members have pledged to support recruitment efforts if and when a
study is to be conducted. Pease CAP members have strong ties and are active in the Portsmouth
community. Ifthe actual number of children who attended the two day-care centers prior to Jung 2014
and would be aged 4 — 16 years in 2018 is in the range of 650 — 750, then as many as 500 childrgn could
be recruited from the Pease population, It should also be possible to recruit at least 250 children jn the
same age range from the Portsmouth public schools for the unexposed group.

A sample size of 350 exposed children and 175 unexposed children would be similar to the sample sizes
used in the Faroes study [Grandjean 2012, 2016] and in a C8 study of 320 exposed children [Stein 2013,
2014b]. However, the sample size of 350 exposed and 175 unexposed would be considerably smaller
than most of the C8 children studies and some of the other epidemiological studies of children exposed
to PFAS. Therefore, a total of 525 children, 350 exposed and 175 unexposed, should be considergd a
minimum sample size, and attempts should be made to recruit a higher number of exposed and
unexposed children to improve the statistical power of the study.
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B. Study Hypotheses

As indicated in the literature review summary, the scientific literature has little information on the health

effects of exposures to PFHxS. PFHxS is a key contaminant associated with the use of AFFF for
firefighting training and extinguishing flammable liquid fires. The study would be an important

contribution in filling this data gap and would generate knowledge relevant to other populations|exposed
to drinking water contaminated by PFHxS from the use of AFFF. In addition, few studies have been

conducted to evaluate possible associations between childhood exposures to PFASs and effects pn
thyroid function, uric acid and sex hormone levels, delays in reaching puberty, IQ, and immune

function. Inconsistent findings have been observed for most of these endpoints, likely in part be¢ause of

differences in exposures (e.g., drinking water and other sources, such as diet) and PFAS levels
exposure, study population differences (e.g., age differences), and differences in methods. Morepver,
few studies have evaluated the same neurobehavioral or immune endpoint. The study would address
these issues by using methods and evaluating health effects similar to those used in previous studies of

PFAS exposures in children, in particular, methods used in the C8 studies.
Based on the literature review, the following hypotheses could be evaluated:

1.

C. Recruitment and Consent

Higher serum levels of PFOA, PFOS, or PFHxS are associated with higher total cholesterol, low-
density lipoprotein, and triglycerides, and higher prevalence of hypercholesterolemia.

Higher serum levels of PFOA, PFOS, or PFHxS are associated with differences in thyroid
stimulating hormone (TSH), TT4, and TT3, and a higher prevalence of hypothyroidism.

ngher serum levels of PROA, PFOS or PFHxS are associated with a higher level of uri¢ acid
and a higher prevalence of hypemrlcernm

Higher serum levels of PFOA, PFOS, or PFHxS are associated with differences in testosterone,
estradiol, and sex hormone-binding globulin (SHBG).

Higher serum levels of PFOA, PFOS, or PFHxS are associated with delayed puberty,
Higher serum levels of PFOA, PFOS, or PFHxS are associated with lower IQ.

Higher serum levels of PFOA, PFOS, or PFHxS are associated with ADHD behaviors and
learning problems.

. Higher serum levels of PFOA, PFOS, or PFHxS are associated with a higher prevalences of

hypersensitivity-related outcomes (e.g., asthma, rhinitis infectious diseases).

Higher serum levels of PFOA, PFOS, or PFHxS are associated with lower antibody respgnses to
rubella, mumps, and diphtheria vaccines.

Based on sample size calculations (see Appendix), a minimum of 350 exposed children aged 4-16 years
who attended the day-care centers at Pease before June 2014 would need to be recruited. To recrhit the

children who participated in the blood testing program, NH DHHS would have to send letters to the
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parents to ask that their child participate in the study. Additional children who were exposed to E!le
contaminated drinking water while attending the two day-care centers could be recruited via oufreach to
the two day-care centers at Pease, the Portsmouth public schools, media, and community organizations
in the Portsmouth ared. The Pease CAP has also offered to assist in recruitment, and CAP involyement
will be crucial in achieving high participation rates. '

A minimum of 175 children aged 4-16 years, who were unexposed to the PFAS-contaminated drinking
water at the Pease Tradeport and whose mother did not work at the Pease Tradeport (or in an ocgupation
that involved PFAS exposure) during the pregnancy and breastfeeding of the child would be rectuited
from the Portsmouth, NH, public schools. Before enrollment in the study, the child’s mother wohld be
interviewed to determine whether the child is eligible for the study. Recruitment would involve putreach
to the eight day-care centers in Portsmouth that were located outside the Pease Tradeport, the
Portsmouth public schools, media, and community organizations. The Pease CAP has offered tofhelp
with the recruitment effort. The total enrollment of Portsmouth’s elementary, middle, and high srhools
is projected to be 2,687 in 2016—17. To encourage participation of exposed and unexposed children, an
appropriate incentive would be provided.

The Pease blood testing program’s consent form was strictly limited to the use of the participant|s. blood
sample for PFAS analyses only. The participant also consented to complete a brief questionnairg at the
time of blood draw concerning demographic information, time at Pease Tradeport, and consumption of
drinking water. The consent form did not mention the use of the blood sample for research purpgses or
the possibility of re-contacting the participant for future studies. Moreover, the amount of blood drawn
from the children was only sufficient for the PFAS analyses. Therefore, ATSDR cannot directly contact
the participants in the Pease blood testing program to recruit them for a children’s study. In addition,
these participants must sign a new consent form to participate in a research study.

A parent of each child would be asked to sign a parental permission form requesting a blood samiple
(about 4 teaspoons or 20 mL) from the child for the analyses of PFASs and the effect biomarkers (i.e.,
lipids, TSH, uric acid, sex hormones, and immune function parameters). The consent form would also
ask that the child be administered the Wechsler Abbreviated Scale of Intelligence (IQ) tests if aged 6
years or older or the Wechsler Preschool and Primary Scale of Intelligence for children younger than 6
years. The consent form would ask permission to access the child’s school records, including special
education records. The parent would be asked to sign a consent form to complete a questionnaire;
Children ages 7 years and older would be asked to give their assent to participate in the study.

D. Questionnaire

The parents of the child participant could be asked to complete the questionnaire. The questionnaire
could obtain demographic information, medical history of the parents and child, the child’s medi¢ations,
the dates the child’s mother worked at the Pease Tradeport (or in other occupations involving PFAS
exposures) and her reproductive history, the dates the child attended daycare at the Pease Tradepert,
water consumption of the mother and child while at Pease Tradeport (including use of water for formula,
juices, etc.) if applicable, bottled water consumption by the mother and child, length of time the
was breastfed, parental information (e.g., education, primary occupation, maternal age at birth of|the
participating child), the child’s height and weight, and whether the child regularly exercises, currently
smokes (and the number of cigarettes/day), or consumes dlcohol (and the number of drinks/week).
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Specific questions could be included in the questionnaire that address health outcomes of interest based
on the final study design. For example, for ADHD, the questionnaire could ask, “Has a doctor of health

professional ever told your child that your child has/had ADD or ADHD?” If the answer is “yes(” a

second question could ask for a list of medications being used for the condition. Parents would also be
asked if the child had learning or behavioral problems, and if so, the type of problem and the treatment

being used. Questions would be included for the hypersensitivity-related outcomes, asthma, atopic

dermatitis (or atopic eczema), and allergies. Information on the child’s vaccination history would also be

requested from the parents. The parents would also be asked when the female child first began t
menstruate.

E. Biomarkers of exposure and effect

The following biomarkers of lipids, thyroid function, kidney function, sex hormones, and immmLe
function could be analyzed in the serum:

Total cholesterol, low density lipoprotein, high density lipoprotein, total triglycerides -
Thyroxine (T4), T3, thyroid stimulating hormone (TSH)

Uric acid, creatinine

Testosterone, estradiol, sex hormone-binding globulin (SHBG), follicle stimulating hormpne,
insulin-like growth factor
e Immunoglobulin G (IgG), IgA, and IgM; antibodies to measles, mumps, rubella, tetanus, rand
diphtheria

Approximately 4 teaspoons of blood (20 mL) could be drawn from each participant to be analyzed for
the standard panel of PFAS compounds and the effect biomarkers. An attempt would be made to|obtain
an 8-hour fasting blood sample. The parents could be asked how long the child fasted before the plood

identify sexual maturation in boys and girls, respectively..IgG antibodies for measles, rubella, an
diphtheria would be analyzed to determine vaccine responses. Allergen-specific IgE (mold, dust
dog, cat, cow’s milk, peanut, hen’s egg, and birch) could be analyzed. Serum levels of thyroid

stimulating hormone (TSH) and total T4 could be analyzed separately and also used to determine
clinical and subclinical hypothyroidism, Uric acid, total cholesterol, low-density and high-density
lipoprotein, and triglycerides could be analyzed. '

draw. The cut points of 50 ng/dL of total testosterone and 20 pg/mL of estradiol would be used n%
ites,

For children older than 6 years, the Wechsler Abbreviated Scale of Intelligence could be adminisiered to

the child to assess verbal IQ, performance IQ, and full-scale IQ. For children aged 4-6 years, the
Wechsler Preschool and Primary Scale of Intelligence would be administered. For each child, school
records, including special education records could be reviewed to identify learning problems and

behavioral problems. The SDQ could be administered to parents to assess emotional, conduct, arid peer

relationship problems as well as problems with hyperactivity and inattention.
F. Exposure Assessment

As stated earlier, the analyses by NH DHHS of the data from the blood testing program at Pease

indicated that geometric mean PFHxS serum levels were higher for persons who drank >4 cups of water

per day than for those who drank <4 cups per day. The strongest finding was for serum PFHXS in
participants aged 0—19 years and water consumption (B = 0.31, SE=0.15, marginal effect=36.4%)
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Geometric mean PFOS and PFOA serum levels were also higher among those who, while at the
Tradeport, drank >4 cups of water per day than for those who drank <4 cups per day [NH DHHS|2016].
Although these findings are based on a “convenience sample” (or a “volunteer sample,” i.e., not a
statistically-based sample), it is clear from these results that consumption of PFAS-contaminated
drinking water at the Pease Tradeport was a complete exposure pathway.

Study participants could submit blood samples for PFAS and biomarker analyses during 2018, For those
who participated in the 2015 blood testing program, these measurements would be used to assess their -
exposures. For those who did not participate in the 2015 blood testing program but who attended
daycare at the Pease Tradeport during January 2008-May 2014, the PFAS serum levels obtained|in 2018
could be used to estimate serum levels during 2015 by adjusting for PFAS elimination rates and taking
into account background PFAS exposures. For those who consumed drinking water from the Pease
Tradeport after the Haven well was taken out of service, the adjustment could also take into account the
PFAS levels in the drinking water after May 2014, The 2015 (estimated or measured) PFAS serum
levels and 2018 measured PFAS serum levels would be used in the analyses.

No water samples from the Pease Tradeport distribution system for PFAS testing are available before
2014. Using a simple mixing model that takes into account the pumping rates for each of the threg wells,
the total water demand, and the concentrations of PFAS in the wells during the April and May 2014
sampling, we can estimate historical PFAS levels in the distribution system, assuming that
contamination concentrations are approximately uniform throughout the distribution system and
assuming that the contamination was present at least from 2008 through May 2014.

To estimate serum levels of PFOA and PFOS over the child’s life, the historical estimates of the
drinking water contamination could be combined using PBPK modeling with information from the
questionnaires on 1) the dates and length of time the child attended daycare at the Tradeport and the
child’s consumption of drinking water at the daycare and 2) whether the child’s mother worked at the
Pease Tradeport during pregnancy and during the period of breastfeeding and the length of the period
when the child was breastfed. PBPK modeling estimates would also incorporate information fro
NHANES and from the PFAS serum levels of the unexposed comparison group to estimate background
levels of PFAS in serum. For those children whose mothers worked at the Pease Tradeport, estimates of
the mother’s serum levels during the pregnancy and breastfeeding of the child would be needed. If the
mother participated in the 2015 blood testing program at Pease, her measured PFAS serum levelscould
be used in the modeling. Children’s serum levels from the 2015 NH DHHS Pease blood testing program
and serum levels obtained for this study would be used to calibrate the PBPK. models.

‘No human PBPK model for PFHXS is currently available. However, correlation coefficients for serum
PFHxS and serum PFOS and PFOA were quite high among persons ages 2—14 years who participated in
the 2015 testing (Pearson correlation for PFHxS was 0,75, and for PFOS and PFOA was 0.73).
Therefore, it might be possible to predict historical serum levels of PFHxS based on historical cstrimatcs
for serum PFOA and PFOS. '

G. Sample Size

The sample size for the Pease children study should include at a minimum 350 exposed children. [it
should also include a minimum of 175 unexposed children randomly sampled from the Portsmouth
public schools with frequency matching to the exposed children on age, sex, and race. This mininjum
sample size is based on several considerations. First, 370 children ages 1—-13 years participated injthe
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2015 blood testing at Pease. That would be a 75% participation rate, assuming that a minimum of]
children attended daycare at Pease and would be in that age range in 2015. It should be possible t

500

recruit a similar percentage of the children who attended daycare at Pease. However, children whe did
not participate in the 2015 blood testing would have to be recruited, as well as a high percentage of those

~ who did participate. Second, some studies conducted of PFAS exposure and children had similar

o)y

smaller sample sizes than the 350 exposed and 175 unexposed children at Pease (e.g., Zeng [2015] and
Qin [2016] in Taiwan, Grandjean [2012] in the Faroes, Stein [2013] in a C8 study of neurobehavipral
effects, Hoffman [2010] in a NHANES study), but had sufficient statistical power to observed findings

to achieve statistical significance. Finally, sample size calculations conducted for this feasibility

assessment indicated that at least some of the health-related endpoints of interest could be evaluatgd,

with sufficient statistical power (i.e., statistical power >80%) to detect effects of exposure that are
to or greater than those listed in Tables 62 and 6b as well as effects observed in other PFAS studie
occurred at PFAS serum levels similar to those in the Pease children population.

equal
s that

Sample size calculations were conducted using four different combinations for type 1 error (o errgr or

false positive error) and type 2 error (B error, false negative error, or 1 —statistical power);

1. Type 1 error = 0.05 (corresponds to a two-tail hypothesis test using a p-value cutoff of 0.(
95% confidence interval, to determine statistical significance) and a type 2 error = 0.05
(corresponding to statistical power of 95%).

2. Type 1 error=0.05 and type 2 error = 0.20 (80% power).

3. Type 1 error =0.10 (corresponds to a one-tail hypothesis test using a p-value cutoff of 0.0
90% confidence interval, to determine statistical significance) and a type 2 error = 0.10 (9
power).

4. Type 1 error =0.10 and type 2 error = 0.20 (80% power).

(Note: Setting the type 1 and type 2 errors to be equal indicates an equal concern for false negativs
false positives and could be justified from a public health perspective.)

Table 6a indicates the minimum effect sizes that can be detected with a sample size of 350 Pease |

children and 175 unexposed children from the Portsmouth area using the four combinations of typ
and type 2 errors. Table 6b also includes the minimum effect sizes that can be detected with a sam
size of 500 exposed and 250 unexposed. These minimum effect sizes assume a simple comparisor]
between the exposed and unexpdsed children that is not adjusted for possible confounding risk fag
stratified into smaller exposure groupings (e.g., low, medium, and high exposure).

Another approach to sample size calculations that might be informative was to fix the minimum
detectable effects to the effect sizes observed in previous studies for PFAS serum levels similar to
observed in the Pease population, select the type 1 and type 2 error rates, and allow the sample si
“float” instead of the minimum detectable effect. However, this approach is problematic because t
are few studies of PEAS exposures and the childhood outcomes being considered for the Pease ch
study. In some instances, studies evaluating similar PFAS serum levels obtained very different eff]
sizes for the same outcome. In other instances, a study with a lower PFAS serum leve] obtained a |
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effect size for an outcome than a study with a higher PFAS serum level. Moreover, there are no shlldies

_of children exposed to PFAS drinking water contamination as a result of AFFF use. Therefore, the
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much uncertainty about the effect size for each health-related endpoint that would be expected fof PFAS
serum levels observed among the Pease children.

With these caveats, the following sample size per stratum calculations use the findings from studips of
PFAS-exposed children. (Note: a sample size of 500 per stratum means that the study would need 500
exposed and 500 unexposed children. If the goal is to compare an outcome by exposure quartiles, |then
each quartile would need 500 children. Also, a 2:1 ratio of exposed to unexposed requires a largey total
sample size than a 1:1 ratio of exposed to unexposed.) Table 6¢ provides a summary of the sample size
considerations for each health-related endpoint. ‘

Lipids

Mean Total Cholesterol, LDL, HDL, triglycerides: In the Taiwan study of lipids (Zeng 2015), the
sample size of 225 children aged 12-15 was sufficient to detect total cholesterol and LDL differences of
11-12 mg/dL for PFOA serum levels similar to Pease. Table 6 indicates that with a sample size 0fi350
exposed and 175 unexposed, much lower mean differences in total cholesterol could be detected with
sufficient statistical power. However, the observed PFOA OR of 1.2 for hypercholesterolemia wopld
have required a sample size of over 1,700 per stratum with a type 1 error of 0.10 and 80% power (using
the prevalence of hypercholesterolemia in this study of 28.4%). Using a lower type 1 error and/or higher
statistical power would require even larger sample sizes to detect an OR of 1.2 for hypercholesterplemia.

The serum levels of PFOA and PFOS among the children at Pease would put them in the first quatile
(i.e., the reference level) if they had been in the C8 study (Frisbee 2010). In the lower PFOA and PFOS
quartiles, the ORs for hypercholesterolemia were between 1.2 and 1.3, requiring sample sizes of 8§00 —
1660 per stratum with type 1 error of 0.10 and 80% power (using the prevalence of ’
hypercholesterolemia in this study of 34.2%). The strongest findings in this study for total choles rol
were observed for the top quintile of PFOS serum levels. When the top quintile PFOS serum level was
compared with the reference level, the mean difference in total cholesterol was 8.5 mg/dL and the{OR
for hypercholesterolemia was 1.6. Both of these findings are within the range that could be detected with
sufficient statistical power in a Pease study with 350 exposed and 175 unexposed children. Howevyer, the
top quintile for PFOS in the C8 study contained serum levels several times higher than serum levels in
the top quintile of the Pease children.

A study using NHANES data for 19992008 [Geiger 2014] observed a mean difference in total
cholesterol of 4.7 mg/dL for the 2" tertile serum levels of PFOA compared with the reference level. The
2" tertile serum levels of PFOA. in this study correspond to the PROA serum levels among children at
Pease, To calculate a sample size to detect this mean difference, a standard deviation of 28 mg/dL
(similar to the standard deviations for total cholesterol in the Taiwan and C8 study) was used. With type
1 error of 0.10 and 80% power, the sample size required to detect a mean difference of 4.7 mg/dL fwould
be 439 per stratum (or with an exposed to unexposed ratio of 2, as suggested for the Pease children
study, 660 exposed and 330 unexposed would be required). In the NHANES study, the 2™ tertile PFOS
serum levels corresponded to the PFOS serum levels among Pease children. The mean difference |n total
cholesterol for this tertile was 3.4 mg/dL, which would require 630 per stratum with type 1 error of 0.10
and 80% power.

In the NHANES study, the ORs for hypercholesterolemia corresponding to serum PFOA and PFOS
levels among children at Pease were 1.49 and 1.35, respectively. To detect an OR of 1.49 with type 1
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error of 0.10 and 80% power would require 358 per stratum (or with an exposed to unexposed rat

540 exposed and 270 unexposed).

Kidney function and uric acid
In a study of adolescents (aged 12—19 years) and kidney function using NHANES data for 2003

io of 2,

2010

[Kataria 2015], the top quartile for serum PFOA would correspond to the top quartile for serum PFOA

among the Pease children. The mean difference in the estimated glomerular filtration (eGFR) for
quartile of PFOA compared with the 1% quartile reference level was -6.6 mL/min/1.73 m?, which
be in the range detectable, with sufficient statistical power, by the Pease study sample size of 350
exposed and 175 unexposed children.

the top
would

In this study, the serum uric acid mean difference of 0.21 mg/dL was observed, comparing the top

quartile PFOA to the reference level. To detect this difference with a type 1 error of 0.10 and 80%
power would require a sample size larger than that projected for the Pease children study, i.e., 398 per

stratum (or for an exposed to unexposed ratio of two, 596 exposed and 298 unexposed children).

The serum PFOS levels in the 3™ quartile of the NHANES study would correspond to the top quaitile

for serum PFOS among the Pease children. The mean difference in eGFR for the 3™ quartile PFO

level

compared to the reference level was 7.2 mL/min/1.73 m?, which would be in the range detectabl¢ with

sufficient statistical power by the Pease study sample size of 350 exposed and 175 unexposed chi
However, the mean difference in uric acid was 0.05 mg/dL which would require a sample size of
than 5,000 per stratum.

In a Taiwan study of uric acid [Qin 2016], the sample size of 225 children aged 12—15 years was
sufficient to obtain a statistically significant OR for hyperuricemia of 1.65 for PFHxS at serum le
much lower than among the Pease children. For PFOA, the OR for hyperuricemia was 2.2 at seru
levels much lower than observed among the Pease children. A sample size of 350 exposed and 17
unexposed children would be sufficient to detect this OR with sufficient statistical power.

Attention Deficit/Hyperactivity Disorder (ADHD) and other neurobehavioral endpoints

In a C8 study of ADHD (Stein 2011), the first quartile or reference level for PFOA and PFOS wo
correspond to the serum PFOA and PFOS levels among the children at Pease. For PFHxS, the ser]
levels among the children at Pease would correspond to the 3™ quartile level in the C8 study. For
quartile of PFHxS, the OR.for ADHD was 1.43, and with current medications, the OR was 1.55. ]
prevalence of ADHD was 12.4%, and with current medications, 5.1%. To detect an OR of 1.43 wi
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prevalence of 12.4 %, the required sample size for a type 1 error of 0.10 and 80% power would be 829

per stratum. To detect an OR of 1.55 with a prevalence of 5.1%, the required sample size for a typ
error of 0.10 and 80% power would be 1,179 per stratum.

el

In a study that used NHANES data for 19992004 [Hoffman 2010], the serum PFHxS levels were about

half the levels among the children at Pease, For serum levels corresponding to the top quintile lev
among the Pease children, the OR for ADHD was 1.67 (using the regression coefficient in the lo
model). To detect this OR, a sample size of 540 per stratum would be required for type 1 error of
and 80% power. For PFOA, the serum levels corresponding to the top quintile level among the c!
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at Pease in the NHANES population would have an OR of 1.82 for ADHD. For this OR, the requj

red

sample size would be 390 per stratum (or 596 exposed and 298 unexposed children) for a type'1 grror of

0.10 and 80% power.

For neurobehavioral outcomes other than ADHD, some of the neurobehavioral outcome studies (g.g.,

Stein [2013, 2014b]; Wang [2015], Lien [2016]) were also in the range of the minimum sample si
suggested for the Pease children study. IQ differences in the range of 3 to 4 points could be dete
with reasonable statistical power with a sample size of 350 exposed and 175 unexposed children.

One study [Liew 2015] evaluated autism spectrum disorder and obtained an OR of 1.3 for serum
PFHxS. With a prevalence of about 1.5%, a sample size of several thousand children would be
necessary to detect this OR. To detect an OR of 2.0 with sufficient statistical power would requir
sample sizes of over 1,600 exposed and 1,600 unexposed.

Sex hormones and delayed puberty

o

d

In the C8 study of sex hormones [Lopez-Espinosa 2016], the serum levels of PFOA, PFOS, and PFHxS

were considerably higher than among the children at Pease. For PFOS, the natural log estradiol pe

difference in boys of -4% (per interquartile range of the natural log of PFOS) would require at lea
1,154 per stratum for type 1 error of 0.10 and 80% power. The strongest finding in this study was
decrease in testosterone among girls associated with PFOS. The natural log testosterone percent

difference in girls was -6.6% per interquartile range of the natural log of PFOS, To detect a percent

difference this large with type 1 error of 0.10 and 80% power would require at least 290 per stratu
434 exposed and 217 unexposed children.

There was insufficient information to make sample size calculations for the endpoint, delayed puk

The C8 study that evaluated this endpoint in included thousands of boys and girls [Lopez-Espinosa

2011].

+ Growth hormone

rcent
st
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erty.

In the C8 study that evaluated sex hormones, insulin-like growth factor-1 (IGF-1) was also evaluated

[Lopez-Espinosa 2016]. The difference in the natural log IGF-1 among boys and girls was -2.5%
2.1% per interquartile range of the natural log of PFHXS, respectively. To detect these differences
sufficient statistical power, a sample size of 350 exposed and 175 unexposed children would be
sufficient. '

Thyroid disease and function

A C8 study [L}:)pez-Espinosa 2012] evaluated thyroid disease among children. The prevalence of

participant-reported thyroid disease among children in this study was very low, about 0.6% and aﬁ OR

of 1.44 was obtained for PFOA serum levels considerably higher than those in the Pease populati
detect this OR with 80% statistical power would require a sample size of over 10,000 exposed chi
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In the C8 study of thyroid function [Lopez-Espinosa 2012], the largest percent difference for natgral log

TSH was 3.1%, and 2.3% for TTs. These percent changes were for PFOA and PFOS serum levels

considerably higher than the serum levels among the children at Pease. To detect a 2.3% change jn TT4

would require a sample size of at least 850 per stratum (type 1 error =0.10 and 80% power). To d
3.1% change in natural log TSH would require a sample size of at least 8,545 per stratum (type 1
0.10 and 80% power).

etecta

eIror =

In the Taiwan study of thyroid function [Lin 2013], the sample size for those aged 12—19 years was 212.
The geometric means for serum PFOA and PFOS were lower than the geometric mean serum leviels
among the children at Pease. For males and females, the natural log TSH declined by 0.5 mIU/L and

0.35 mIU/L respectively, for the >90" percentile serum PFOA compared with the reference level.

To

detect either of these differences with sufficient statistical power, a sample size of 350 exposed and 175

unexposed children would be sufficient.

Immune function and diseases related to immune function

For immune function, one study [Grandjean 2012] had a similar sample size (N = 532) as the minimum

proposed for the Pease children study (i.e., 350 exposed and 175 unexposed children), and two s
had somewhat larger sample sizes that might be achievable at Pease (Stein [2016a], N = 640; and
[2016], N = 637). The data reported in these studies were insufficient to conduct sample size
calculations. —

dies
Buser

For asthma, the ORs observed in the NHANES studies [Humblet 2014, Stein 2016a] were in the range

of 1.2 —1.3 and would require much larger sample sizes than can be recruited at Pease to achieve

sufficient statistical power. However, a Taiwan study [Dong 2013] obtained ORs for asthma between

3.8 and 4.0 for PFHxS and PFOA serum levels lower than those observed in the Pease children
population. A sample size of 350 exposed and 175 unexposed would be sufficient to detect these
with sufficient statistical power.

ORs

Only one study [Stein 2016a] evaluated rhinitis and observed an OR of 1.35 for serum PFOA. To detect

an OR this low with sufficient statistical power would require a sample size larger than could be
recruited from the Pease population. However, with sufficient statistical power, ORs in the rangg

— 1.6 could be detected in a study of the Pease population with a sample size of 500 exposed and 250

unexposed children. These ORs would fall within the 95% CI for the finding in this study.

Other health-related endpoints

A NHANES study [Geiger 2014b] evaluated PFOS and PFOA serum levels and hypertension and

of 1.5

obtained ORs < 1.0. Since there is no evidence so far of an association between PFAS serum levels and

hypertension in children, this endpoint is not considered further.

A study conducted in the Faroes [Karlsen 2016] evaluated serum levels of PFOA, PFOS and PFHxS and
overweight/obesity in children. At age 5 years, the ORs for overweight/obesity and the third tertile
serum levels of PFOA, PFOS and PFHxS were 1.88, 0.94, and 1.22. The serum levels of the PFAS
chemicals were considerably lower than at Pease. An OR of 1.62 could be detected with 80% statistical

power with a sample size of 350 exposed and 175 unexposed children.
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Childhood cancers

For childhood cancers such as leukemias, the incidence and prevalence is very low, requiring large
sample sizes. For example, the probability of getting a leukemia at <15 years is 0.08% or 8 per 10,000.
For ages <20 years, the probability is 0.09% or 9 per 10,000. At ages <14 years, the incidence rate for

leukemias is 5.5 per 100,000 person-years. A study that attempted to evaluate leukemias or other]
childhood cancers would have to be multi-site or national.

H. Conclusion

Very little is known about the health effects from exposure to PFHxS, a PFAS that was considera'bly
elevated in the serum of children tested at Pease. More information is available on the health effects of
PFOS exposure, which was also elevated in the serum of children at Pease. However, there are si}l
major data gaps and inconsistencies in the findings concerning the health effects of PFOS exposure,
particularly effects on immune, thyroid and kidney function, neurobehavioral endpoints, sex hormones,
and age at puberty. Based on sample size calculations, a study of children at Pease could have sufficient
statistical power to evaluate several health-related endpoints, The study could also meet the critetia of
public health significance and scientific importance, and could address some of the health concerps
voiced by the Pease CAP and the previous CAB.

The study population can be enumerated and selection bias can be minimized if recruitment is carefully
done o avoid selection bias (i.e., selection that is associated with exposure and disease status). Asample
of Portsmouth public school students would be an appropriate comparison group for the Pease children.
There is a complete exposure pathway and a well-defined exposed population. The health-related
endpoints under consideration have been evaluated in at least one epidemiological study of PFAS
exposures to children, and these endpoints can be measured accurately, Information on potential
confounding factors can be obtained via questionnaire. The issue of reverse causation and confounding
from the use of measured serum PFAS levels can be avoided by predicting serum levels using PBPK
modeling. Therefore, a children’s study at Pease could provide meaningful and credible results.

A key issue is whether a study limited to the children exposed at the Pease Tradeport would have
sufficient statistical power and precision for some of the endpoints under consideration. A minimhm
sample size of 350 exposed Pease children and 175 unexposed children from the Portsmouth area would
be sufficient for several outcomes of interest, For example, Table 6 indicates that a sample size of 350
exposed and 175 unexposed children is sufficient to detect effects of reasonable size for most of the
endpoints listed in the table. In addition, some of the immune and neurobehavioral studies that h:
sufficient statistical power to obtain effect estimates that achieved statistical significance had sample
sizes within the range suggested as a minimum for the Pease children study.

When the effect sizes seen in previous PFAS studies are considered, the suggested minimum sample size
for the Pease children study could be sufficient for several endpoints, such as mean differences in|lipids,
eGFR, and IGF-1. For other outcomes, such as uric acid mean difference, the sex hormones testosterone
and estradiol, and thyroid function, the sample size of a study limited to the Pease children population
might not be sufficient. Based on sample size calculations assuming 350 Pease children and 175
unexposed children, and assuming a simple comparison of exposed versus unexposed, health endpoints
are grouped below into three categories: 1) feasible to study, 2) possible to study (but might require a
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larger sample size, e.g, 500 exposed and 250 unexposed), and 3) not feasible to study using the P

case

children population, unless additional populations exposed to PFAS-contaminated drinking watér are

included in the study.

Health endpoints feasible to study in children at Pease

» Mean difference in lipids (total cholesterol, LDL, HDL, triglycerides)
* Mean difference in estimated glomerular filtration rate (¢GFR), a measure of kidney function
* Insulin-like growth factor-1 (IGF-1, a measure of growth hormone deficiency)
» Overweight/Obesity

Health endpoints that might be paossible to study in children at Pease (although a larger sample size

may be needed)

* Mean difference in uric acid, a measure of kidney function

» Elevated total cholesterol (hypercholesterolemia)

¢ Elevated uric acid (hyperuricemia)

¢ 1Q/neurobehavioral

e Thyroid function

o Sex hormones

¢ Asthma and atopic dermatitis (immune function)

¢ Rhinitis (stuffy, runny nose)

* Antibody responses to rubella, mumps, and dlphthcna vaccines

Health endpoints not feasible to study using the Pease children population (to address these health

endpoints, populations from other sites with PFAS-contaminated drinking water would need to be

included, along with the Pease children population)

e Attention deficit/hyperactivity disorder (ADHD)
e Autism spectrum disorder

¢ Delayed puberty

¢ Thyroid disease

¢ Childhood cancers

“To evaluate exposure response relationships, more than two strata are necessary. For some of the]
candidate outcomes that are listed above as feasible to study or possible to study, the Pease child

(eIl

population that can be recruited to participate will not be large enough to be split into exposure tertiles

or quartiles and still have sufficient statistical power for comparisons between each of the expost
strata and a reference (unexposed) stratum.

Data analyses similar to those used in the C8 studies could be used. The methods include linear
regression of continuous (untransformed and natural log transformed) effect biomarkers on conti
(untransformed and natural log transformed) PFAS serum levels and categorized PFAS serum le
and logistic regression of categorized effect biomarkers (e.g., hypercholesterolemia) or disease

prevalence on continuous (untransformed and natural log transformed) and categorical PFAS serT\m
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levels., Restricted cubic splines for linear and logistic regression would be conducted to obtain flgxible,
smoothed exposure-response curves. Measured PFAS serum levels would be evaluated. In additipn, for
PFOS and PFOA (and possibly PFHXS, if an historical reconstruction modeling method becomc'{
available), estimated cumulative serum levels and estimated serum levels during critical vulnera
periods (e.g., in utero exposure) could be evaluated. -

ility

In summary, a study limited to the Pease children population will likely have a sufficient sample ize for -

some of the candidate endpoints if the comparisons are simply between an exposed and unexposed

group. For some of the candidate endpoints, the sample size will be insufficient for even a simpl

* comparison between an exposed an unexposed group. Moreover, for many of the candidate endppints,
the Pease children population will be of insufficient size to split into tertiles or quartiles to evaluate

exposure-response trends. Therefore, the inclusion of other sites with PFAS-contaminated drinking

water could be considered.

Feasibility of an epidemiological study of adults at the Pease Tradeport

Compared with NHANES data, PFHxS serum levels were elevated among adults who participated in the
2015 NH DHHS blood testing program. However, the literature review indicated that very few studies
have been conducted that evaluated PFHxS exposures and adult health effects. PFOS serum levels were
also elevated among the adults who participated in the NH DHHS blood testing program. Although
considerably more studies found evaluated PFOS exposures and adult health effects, there remair data
gaps and inconsistencies in the findings for liver function, kidney function and kidney disease, thyroid
disease and thyroid function, autoimmune diseases and immune function, osteoporosis/osteoarthritis,
endometriosis, and most cancers.

The public health significance of conducting a study of adults at Pease is that the study will be relevant
to other adult populations exposed to drinking water primarily contaminated with PFOS and PFHxS. A
study might also provide an opportunity for early medical intervention for certain health endpoints that
might be associated with PFAS exposure but not evaluated in routine physical exams, such as alterations
in thyroid, liver, and kidney function. A study of adults at Pease would have scientific importanc
because it potentially could help to fill critical data gaps mentioned above concerning the health ¢ffects
of PFHxS and PFOS exposures. Based on animal studies, there is biological plausibility that PF.
exposures could result in alterations of immune function and might have endocrine-disruptive praperties
that could lead to alterations in thyroid function. However, few epidemiological studies have evaluated
PFHxS or PFOS exposures and these health endpoints. Finally, a study of adults at Pease has the
potential to provide meaningful and credible results (from the perspective of statistical power) foy some
of the adverse outcomes of interest and would be responsive to community concerns. However, ajstudy
limited to Pease adults would likely not be sufficiently large to associate exposures arnd some advgrse
health outcomes (e.g., rare diseases such as specific cancers and specific chronic diseases).

A. Study hypotheses
Based on the literature review, the following hypotheses could be evaluated:

1. Higher serum levels of PFOA, PFOS, or PFHxS are associated with higher total cholesterol, low-
density lipoprotein and triglycerides, and a higher prevalence of hypercholesterolemia.
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2. Higher serum levels of PFOA, PFOS, or PFHxS are associated with higher prevalences d
coronary artery disease and hypertension.

3. Higher serum levels of PFOA, PFOS, or PFHxS are associated with differences in thyroic
stimulating hormone (TSH), TT4, and TT3, and a higher prevalence of hypothyroidism.

4. Higher serum levels of PFOA, PFOS, or PFHxS are associated with a higher level of uric
and a higher prevalence of hyperuricemia.

5. Higher serum levels of PFOA, PFOS, or PFHxS are associated with a low;f:r estimated
glomerular filtration rate (eGFR) and a higher prevalence of kidney disease.

6. Higher serum levels of PFOA, PFOS, or PFHxS are associated with higher levels of liver
function biomarkers alanine transaminase (ALT), y-glutamyltransferase (GGT), and direq
bilirubin and a higher prevalence of liver disease.

7. Higher serum levels of PFOA, PFOS, or PFI—IxS are associated with higher prevalences of

osteoarthritis and osteoporosis.

8. Higher serum levels of PFOA, PFOS, or PFHxS are assoclated with a higher prevalence ¢
endometriosis.

9. Higher serum levels of PFOA, PFOS, or PFHxS are associated with higher prevalences of

autoimmune diseases such as ulcerative colitis, rheumatoid arthritis, lupus, and multiple
sclerosis.

10. Higher serum levels of PFOA, PFOS, or PFHxS are associated with differences in serum
of IgA, IgE, IgG, IgM, C reactive protein (CRP), and antinuclear antibodies (ANA) and
alterations in specific cytokines.

A study of adults could include the collection of new blood samples to analyze PFAS serum leve

|

acid

el

levels

s. The

blood samples would also be analyzed for lipids and biomarkers of kidney, liver, thyroid, and immune

function. A questionnaire could be used to ascertain kidney disease, liver disease, cardiovascular
disease, hypertension, thyroid disease, autoimmune diseases, osteoporosis, osteoarthritis, pregnar
induced hypertension, and endometriosis. Diseases ascertained via questionnaire would be confir]
using medical records

B. Study population

According to the census, Portsmouth has 21,530 residents. About 67.5 % are adults aged 19-64 y

and another 15.9% are aged 65 years and older. This would mean that there are about 14,500 adu}

18—64 years and about 3,400 aged 65 years and over., Although the actual number is unknown, so
the workers at the Pease Tradeport live in New Hampshire towns other than Portsmouth or in the

cy-
med

cars
ts aged
me of

bordering states of Massachusetts and Maine, The Pease Tradeport has a workforce of >9,000 peisons.

In the 2015 blood testing program at Pease, 1,182 adults aged =18 years participated. Table 5 pro
PFAS serum data for the 1,190 participants in the 2015 Pease blood testing program who will be
>18 years in 2018. :
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C. Recruitment and consent

As stated previously, the NH DHHS Pease blood testing program’s consent form was strictly.limjited to

use of the participant’s blood sample for PFAS analyses only. The participant also consented to
complete a brief questionnaire at the time of blood draw concerning demographics, time at Pease
Tradeport, whether the worker was a firefighter, and consumption of drinking water. The consen
did not mention the use of the blood sample for research purposes or the possibility of re-contacti

form
ng the

participant for future studies. Therefore, the blood samples were not stored for future use, and ATSDR
cannot directly contact the participants in the Pease blood testing program to recruit them for a stpidy.

Adults would need to sign a new consent form to participate.

The consent form would request a blood sample (about 35 mL or 1.2 ounces) from the adult for the

analyses of PFASs and the effect biomarkers. (Note: 35 mL was the maximum amount of blood

obtained from adults in the C8 studies.) The consent form could also ask the participant to complgte a

. questionnaire covering demographics, water consumption, dates and length of time working at Piasc,

occupational history, lifestyle and health behaviors, diseases diagnosed by a physician or other h
provider, and provider contact information.

To recruit adult study participants, NH DHHS would have to contact those who participated in th
blood testing program. Another approach is to work with the Tenants Association at Pease (TAP)

alth

e 2015
and

the Pease International Development Authority (PDA) to contact firms on their mailing lists. TAY sends

newsletters and email notices to subscribing firms at the Tradeport, The PDA list, with mailing
addresses and email addresses of all firms at the Pease Tradeport, was provided to ATSDR to hel
recruit members to the Pease CAP. This list could be used to conduct outreach to recruit adult stu
participants. Other methods of outreach include contacting community groups and the media.

D. Biomarkers of effect
The following biomarkers would be analyzed in the serum:

» Total cholesterol, low density lipoprotein, high density lipoprotein, total triglycerides -
* Thyroxine (T4), T3, thyroid stimulating hormone (TSH)

» Uric acid, creatinine

Alanine transaminase (ALT), y-glutamyltransferase (GGT) and direct bilirubin

(ANA), and alterations in specific cytokines.

E. Exposure assessment

Immunoglobulin G (IgG), IgA, IgE and IgM; C reactive protein, and antinuclear antibodies

P

dy

the serum PFAS levels for those who participated in the 2015 NH DHHS Pease blood testing program.

Exposure assessment could be based on the serum PFAS levels obtained in the study supplement%d by

Using historical estimates of the PFAS contaminant levels in the drinking water at the Pease Tradgport
(based on water modeling methods), PBPK modeling can be used to estimate historical serum levels of
PFOA and PFOS, combining information from the questionnaire on water consumption and dates and
length of time employed at Pease Tradeport, and information on background PFAS serum levels from

NHANES and from a comparison group unexposed to PFAS-contaminated drinking water or

occupationally exposed to PFAS or AFFF. Serum levels from the 2015 NH DHHS Pease blood testing
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program and serum levels obtained for this study would be used to calibrate the PBPK models, If
feasible, historical estimates of serum PFHxS can be based on historical estimates for serum PFOA. and
PFOS, because serum levels of PFHxS and PFOS were highly correlated among the Pease adultsjwho

participated in the 2015 blood testing program (Pearson correlation coefficient = 0.73).

F. Sample size considerations

A key problem for an adult study at Pease will be identifying an appropriate comparison population of
workers from the Portsmouth area with similar occupations as the Pease workforce and who were not
exposed to PFAS-contaminated drinking water or occupationally exposed to PFAS or AFFF. Angther
key problem will be recruiting a sufficient number of participants to achieve reasonable statistical power
and precision of effect estimates. '

Studies conducted of the adult C8 population included tens of thousands of participants. For example,
studies of thyroid disease [Winquist 2014z], cardiovascular disease and lipids [Winquist 2014b], kidney
disease [Dhingra 2016], and liver function [Darrow 2016] included 28,541 community members and
3,713 workers at the DuPont plant, Smaller studies using NHANES data (e.g., Wen [2013], Webster
[2016], Shankar [2011], Gleason [2015], and Lin [2010]) had sample sizes of 1,181—4,333 adults

Table 7a indicates the minimum detectable effects for a study that included 1,500 participants pe
stratum. For a simple comparison between exposed and unexposed, this would require a total of 3,000
 participants, i.e., 1,500 exposed and 1,500 unexposed. If the study population were divided into quartiles
of PFAS serum levels, with the first quartile being the reference exposure level, then this would rgsult in
a total sample size of 6,000 persons (i.e., 4,500 exposed and 1,500 unexposed). Four combinations of
type 1 error (o error) and type 2 error (B error) are used in the table. A type 1 error of 0.05 corresponds
to a two-tailed hypothesis test using a p-value cutoff of 0.05 to determine statistical significance, pr
using a 95% confidence interval. A type 1 error of 0.10 corresponds to a one-tail hypothesis test Using a
p-value cutoff of 0.05 to determine statistical significance, or using 2 90% confidence interval. A ftype 2
errors of 0.05, 0.10, and 0.20 correspond to statistical power of 95%, 90% and 80%, respectively.

Another possible approach to sample size calculations that might be informative would be to fix the
minimum detectable effects to the effect sizes observed in previous studies for similar levels of
exposure, select the type 1 and type 2 error rates, and allow the sample size to “float” instead of the
minimum detectable effect. However, this approach is problematic because there are few studies of
PFAS exposures and the adult outcomes being considered for the Pease adult study. In some instgnces,
studies evaluating similar PFAS serum levels obtained very different effect sizes for the same outcome.
In other instances, a study with a lower PFAS serum level obtained a higher effect size for an out¢ome
than a study with a higher PFAS serum level. Moreover, there are no studies of adults exposed to[PFAS
drinking water contamination as a result of AFFF use, Therefore, there is much uncertainty about/the
effect size for each health-related endpoint that would be expected for PFAS serum levels observed
among the Pease adults. With these caveats, the following sample size per stratum calculations use the
findings from studies of PFAS-exposed adults. Table 7b provides a summary of the sample size
considerations for each health-related endpoint.
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Lipids

In the lipid study conducted of the C8 adult population [Steenland 2009], PFOS serum levels
corresponding to the PFOS serum levels among adults whio participated in the Pease blood testing

program would result in a 3—4 mg/dL change in total cholesterol and in LDL. Table 7a indicates that
detecting a difference of about 4 mg/dL in total cholestérol would require a sample size of about 1,500
per stratum. To detect a difference of 3 mg/dL would require a larger sample size. For LDL, a sample

size of 1,500 per stratum would be sufficient for mean differences in the 3—4 mg/dL range.

The predicted increase in total cholestero] at the highest decile for PFOA and PFOS in the C8 stu
11-12 mg/dL. To detect a difference of 11 mg/dL, a sample size in the range of 200-300 per stral

y was

would probably be sufficient. However, the highest decile for PFOA and PFOS in the C8 population is

considerably higher than the serum levels observed for the adult participants in the Pease 2015 blo
testing.

od

In a C8 study [Steenland 2009] and a Canadian study [Fisher 2013], ORs in the range of 1.35 — 1. were
observed for hypercholesterolemia. Although PFAS serum levels were higher in the C8 populatign than

the Pease population, the PFAS serum levels in the Canadian study were lower than in the Pease

population, Table 7a indicates that ORs in this range for hypercholesterolemia can be detected with

sufficient statistical power with a sample size of 1,500 per stratum.

Kidney disease/function, and uric acid

In the C8 study of chronic kidney disease [Dhingra 2016], the highest hazard ratio (HR) was observed
for the lowest quintile of exposure (compared with the reference level) and was equal to 1.36. To detect
this HR, given the low prevalence of the disease (approximately 1.4%). would require a sample size of

at least 8,600 per stratum.

" In the C8 study of uric acid [Steenland 2010], serum PFOS levels that correspond to those observe
among the adult participants in the Pease blood testing program resulted in a difference of 0.14 m
To detect this difference would require a sample size in the range of 1,600-2,100 per stratum.

The largest differences in uric acid observed in this study was 0.28 mg/dL for PFOA serum levels
>188.7 ng/mL and 0.22 mg/dL for PFOS serum levels >40.5 ng/mL. These serum levels are

d
/dL.

considerably higher than those observed for the adults at Pease. Based on sample size calculations, a uric

acid difference of 0.28 mg/dL could be detected with reasonable statistical power and a sample siz

e in

the range of 500-600 per stratum. Table 7a indicates that much lower differences in uric acid could be

detected with reasonable statistical power using a sample size of 1,500 per stratum.

In the C8 study, the OR for hypefuricemia for PFOA serum levels similar to those at Pease equaled 1.02.

For the top quintile of serum PFOA in the C8 population, the OR was 1.47. Based on sample size

calenlations, a sample size in the range of 450-600 would be sufficient to detect an OR of 1.47 with

reasonable statistical power. However, the top quintile serum PFOA Ievel in the C8 study was
considerably higher than observed in the Pease population,

In a study using NHANES data [Shankar 2011], a change'in uric acid of 0.40 mg/dL was observed for

serum PFOA levels similar to those observed for Pease. Based on sample size calculations, this

difference could be detected with reasonable statistical power using a sample size of about 300 per
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stratum. For hyperuricemia, an OR of 1.90 was observed for serum PFOA. levels similar to Pease| Based
on sample size calculations, an OR of 1.90 can be detected with reasonable statistical power using a
sample size of about 240 per stratum. -

Liver function

For liver function, to detect the very subtle changes observed in the C8 studies [Gallo 2012; Darrow
2016] would require a sample size as large as the C8 study itself. The same is true for liver diseasg. In
the Darrow 2016 study, the highest OR observed was 1.19 for the 2™ quintile of serum PFOA. THe 2™
quintile of serum PFOA in the C8 study is higher than the serum levels at Pease. To detect an OR|of
1.19 would require a sample size of at least 20,000 per stratum.

A study using NHANES data [Gleason 2015] was able to detect associations with uric acid and liyer
function biomarkers at serum PFAS levels similar to those observed at Pease and with a total sample
size of 4,333 persons. This study evaluated quartiles of serum PFAS, so each stratum had a sample size
of about 1,083 persons. Another study that used NHANES data [Lin 2010] also was able to detect
associations with liver function biomarkers with a total sample size of 2,216 persons. This study glso
evaluated quartiles, so each stratum had a sample size of about 554 persons.

Cardiovascular disease

The C8 study that evaluated coronary artery disease did not find an elevation in risk [Winquist 20[14b].
However, a study that used NHANES data [Shankar 2012] obtained an OR of 2.01 for cardiovascplar
disease for the 4™ quartile PFOA serum levels. These PFOA serum levels, >6 ng/mL, would correspond
to the 5th quintile of PFOA serum levels among Pease adults. The prevalence of cardiovascular d?;easc
in this study was 13%. To detect an OR of 2.01, a sample size of about 250/stratum would probably be
sufficient.

Hypertension

One study evaluated hypertension in a community population and observed an OR <1.0 [Winquist
2014b]. The prevalence of hypertension in this study was about 38%. With a sample size of 1,500 per
stratum and a prevalence of 38%, ORs between 1.21 and 1.31 could be detected with sufficient
statistical power.

Thyroid disease/function

For thyroid disease, the C8 study evaluated self-reported disease and self-reported disease that wap
confirmed by medical records [Winquist 2014a]. For serum PFOA levels similar to those at Pease| the

hazard ratios were in‘the range of 1.2—1.3. For all self-reported thyroid disease (prevalence = 11.3%), a
sample size of about 2,100 per stratum would probably be sufficient to detect a hazard ratio of 1.3} The
prevalence for confirmed disease was 6.5%, so that a sample size of about 3,500 per stratum would
probably be necessary to detect an HR of 1.3.

A study that used NHANES data evaluated thyroid disease [Melzer 2010]. For confirmed thyroid

disease (prevalence = 2.4% in this study), the ORs were slightly above 1.1 for PFOS and PFOA sgrum
levels similar to those at Pease. To detect this OR would require a sample size equivalent to the C3
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population. The highest OR observed was 1.89 among men in the top quartile of PFOS and PFOA. To
detect this odds ratio, a sample size of about 1,400 per stratum would probably be sufficient.

The C8 study that evaluated thyroid function biomarkers [Knox 2011] observed very subtle changes that
would require a study of equivalent size (52,296) to detect associations with sufficient statistical power.
On the other hand, a study that used NHANES data [Wen 2013] to evaluate thyroid function observed
larger changes that could be detected with a total sample size of <1,200 (or <300 per quartile strajum).

Immune function and autoimmune diseases

Only one published study [Stein 2016b] evaluated serum immune biomarkers at baseline (i.e., crogs-
sectionally) and PFAS serum levels. The study evaluated de-identified archived blood samples from 75
adults aged 21-49. Given the very small sample size, this should be considered a pilot study. The PFHxS
serum levels in this study were considerably lower than in the Pease adult population and a few positive
findings were observed but the confidence intervals for these findings were extremely wide indicating
little precision and a high degree of uncertainty in the effect estimates. Given the strong animal
evidence of effects on the immune system from PFAS exposures [NTP 2016], a cross-sectional
evaluation of PFAS serum levels and immune biomarkers in a Pease adult study could provide important
information on the effects of PFAS exposures on immune function in humans.

The prevalences of ulcerative colitis, rheumatoid arthritis, lupus, and multiple sclerosis in a C8 study
[Steenland 2013] were < 1.2%. As indicated in Table 7a, ORs <2.0 cannot be detected with sufficient
statistical power for these endpoints with a sample size of 1,500 per stratum. For lupus dand multiple
sclerosis, ORs <3.5 cannot be detected with sufficient statistical power with a sample size of 1,5 00 per
stratum. .

Osteoarthritis and Osteoporosis

serum PFOA levels considerably higher than those at Pease. However, in an NHANES study [Uhl
2013], an OR of 1.5 was observed for serum PFOA levels similar to those at Pease. Table 7a indicates
that ORs in the range of 1.4 — 1.6 can be detected with sufficient statistical power with a sample size of
1,500 per stratum.

Two studies evaluated osteoarthritis. In a C8 study [Innes 2011], an OR of about 1.4 was obs_er[\;li for

An NHANES study evaluated osteoporosis in women [Khalil 2016] and obtained an OR > 10 for serum
PFHxS levels lower than those at Pease. With 750 women per stratum, an OR of 1.58 can be dete¢ted
with sufficient statistical power.

Endometriosis
An NHANES study [Campbell 2016] obtained ORs of 1.47 and 2.86 for serum PFHxS and PFOA,
respectively. The serum levels for these two PFAS were similar to those in the Pease populationéé[‘able

7a indicates that with a sample size of 750 per stratum, ORs in the range of 1.55 — 1.85 can be detpcted
with sufficient statistical power.
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Pregnancy-induced hypertension

Several C8 studies evaluated pregnancy-induced hypertension. One study observed an OR of 1.6
serum PFOS. However, the PFOS serum levels in the C8 study were higher than those at Pease.
7a indicates that ORs in the range of 1.6 — 1.9 can be detected with sufficient statistical power for
sample size of 750 pregnancies per stratum.

Cancer incidence

For kidney cancer, Table 7a indicates that ORs <3.8 cannot be detected with sufficient statistical
with a sample size of 1,500 per stratum. Even for a cancer with a much higher prevalence than ki

for
Table
a

power
dney

cancet, e.g., prostate cancer, ORs <2.0 cannot be detected with sufficient statistical power with asample

size of 750 men per stratum.

F. Conclusion

A sample size of about 1,500 per stratum (or a total sample size of 6,000 if quartiles are evaluated)

would have sufficient statistical power to detect several of the health-related endpoints, as indica
Tables 7a and 7b. For some endpoints, such as mean difference in uric acid, hyperuricemia, and

d by

endpoints, such as ulcerative colitis, rheumatoid arthritis, and chronic kidney and liver disease, sample

cardiovascular disease, smaller sample sizes of about 500 per stratum might be sufficient. For otq:,r
a

sizes larger than 1,500 per stratum would be necessary. Based on the sample size calculations tha

assume a sample size of 1,500 adults employed at the Pease Tradeport and 1,500 adults from the

Portsmouth area who were never employed at the Pease Tradeport, and assuming a simple compa
of exposed versus unexposed, health endpoints are grouped below into three categories: 1) feasib
study, 2) possible to study (but might require a larger sample size from the Pease population), anc
feasible to study using the Pease adult population unless additional populations exposed to PFAS
contaminated drinking water are included in the study. ,

Health endpoints feasible to study in adults at Pease

e Mean difference in lipids (total cholesterol, LDL, HDL, triglycerides)
e Elevated total cholesterol (hypercholesterolemia)

e Mean difference in uric acid, a measure of kidney function

* Elevated uric acid (hyperuricemia)

e Thyroid disease (unconfirmed)

* Cardiovascular disease

e Hypertension

e . Osteoarthritis and osteoporosis

rison
e to
{ 3) not

e Mean differences in serum immunoglobin (IgA, IgE, IgG, IgM), and C-reactive protein (an indicator

of inflammation); increase in antinuclear antibodies (an indicator of autoimmune reaction);
alterations in specific cytokines
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Health endpoints that n._lav be possible to study in adults at Pease (although a larger sample size may

be needed) .

e Liver function

e Thyroid disease (confirmed)

e Thyroid function

e Endometriosis

e Pregnancy-induced hypertension

Health endpoints not feasible to study using the Pease adult population (in order to address tk

£56

health endpoints, populations from other sites with PFAS-contaminated drinking water would need to be

included along with the Pease adult population)

e Liver disease

»- Kidney disease

» Ulcerative colitis

» Rheumatoid arthritis

* Lupus

* Multiple sclerosis

» Kidney cancer (and other adult cancers)

To evaluate exposure—response trends, the study participants would need to be split into tertiles ox

quartiles based on their serum PFAS levels. For some of the candidate health endpoints that are listed

above as feasible to study or possible to study, the Pease adult population that can be recruited to

participate will not be large enough to be split into exposure tertiles or quartiles and still have suﬁiciant

statistical power for comparisons between each of the exposure strata and a reference (unexposed,
stratum. For example, if the study population is to be divided into quartiles, and assuming thata s
size of 1,500 per stratum would be sufficient for many of the endpoints of interest, then it would b
necessary to recruit 4,500 adults (aged >18 years at the start of the study) from the Pease workfor:
a representative group (i.e., employed in similar occupations as the Pease workforce) of 1,500 ady
from the Portsmouth area who were not exposed at Pease,

Data analyses similar to those used in the C8 studies would be used. The methods include linear
regression of continuous (untransformed and natural log-transformed) effect biomarkers on contin
(untransformed and natural log-transformed) PFAS serum levels and categorized PFAS serum ley
and logistic regression of categorized effect biomarkers (e.g., hypercholesterolemia) or disease
prevalence on continuous (untransformed and natural log-transformed) and categorical PFAS seru
levels, Restricted cubic splines for linear and logistic regression would be conducted to obtain flex
smoothed exposure-response curves. Measured PFAS serum levels would be evaluated. In additio
PFOS and PFOA (and possibly PFHXS if an historical reconstruction modeling method becomes
available), estimated cumulative serum levels would be evaluated.

In summary, a study limited to the Pease adult population could likely have a sufficient sample siz

group. Recruitment of at least 1,500 adults from Pease should be feasible, given that the 2015 blo
testing program at Pease was able to rectuit at least 1,182 adults aged >18 years who worked at P
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However, a study limited to the Pease adult population might not have a sufficient sample size to

evaluate exposure—response relationships, Moreover, a study limited to the Pease worker population

might not have sufficient variability in serum PFAS levels to evaluate exposure—response trends
effectively. Sufficient variability in PFAS serum levels might be achieved by including other
populations with residential exposures to PFAS-contaminated drinking water.

Feasibility of an epidemiological study of former military service and civilian

workers at the former Pease Air Force base

Drinking water contamination at a military base involves potential residential exposures to those living
and training at the base and potential exposures to those working at the base. At the former Pease|Air

Force Base, starting in the 1970s, AFFF foam was used for fire training and to extinguish flamm:

le

liquid fires. The PFAS contamination in the Haven well water supply likely occurred sometime during

the period from the start of AFFF usage and the closing of the base and would have resulted in
exposures fo those living and working at the base.

To evaluate the incidence and mortality of specific cancers, a large population of adults would negd to
be followed for a sufficient number of years to account for the long induction periods of most cancers
and to have sufficient statistical power. For example, the Camp Lejeune mortality study of U.S. Marines
and Navy personnel followed a cohort of 154,932 from 1979 to 2008 for a total of over 4 million person-
years [Bove 2014]. To evaluate cancer incidence for the Camp Lejeune cohort, ATSDR will conduct

follow-up using state and federal cancer registries for the period 19962016 (1996 is the earliest d

ate

that >90% of the state registries were in operation), for a total of over 3 million person-years. For the
civilian worker cohort at Camp Lejeune, 8,085 workers will be followed over the period 1996-20]16 for

cancer incidence, for a total of 121,875 person-years. This is similar in size to a study of cancer
incidence among workers at a PFAS manufacturing plant [Raleigh 2014]. A recent study of firefig
followed a pooled cohort of 29,993 from San Francisco, Chicago, or Philadelphia from 1985 throwgh
2009, for a total of 403,152 person-years [Daniels 2014]. A C8 study of cancer incidence that reli¢
self-reported cancers that were confirmed by medical records and cancer registry review included
32,254 who contributed over 1 million person-years of follow-up [Barry 2013].

In October 1989, 3,465 military personnel were assigned to Pease Air Force Base, accompanied b
4,746 dependents. The Air Force estimates that 537 civilian employees were employed on base at
time [USAF 1990]. From 1970 to 1990, an average of 3,000 personnel and their families were ass
to the base at any one time. Before 1970, the base supported a maximum of 5,000 personnel [USA
1994]. One important consideration about including Pease service personnel and civilian workers

thters -

don

y
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gned
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ina

cancer incidence and mortality study is that drinking water at the base was also contaminated by TCE

from the Haven well during some of the years the base operated. Service personnel and civilian wi

orkers

stationed at the base before 1986 should not be included because of this contamination. Because the base

closed by 1991, the number of service personnel and civilian workers at Pease AFB that could be
included in a study would be insufficient to evaluate cancers with sufficient statistical power.

Because of the relatively small numbers of personnel assigned to Pease Air Force Base, we
conclude that it is not feasible to conduct a study of cancer incidence and mortality that is lix

nited

to the Pease military service personnel and civilian worker cohorts stationed at the base from 1986
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onward. For a study to be feasible, it would require a larger population size, for example, by including
service personnel and civilian workers from other military bases with PFAS-contaminated drinking
water as a result of the use of AFFF. Exposures to other drinking water contaminants, such as TGE,
other chlorinated organic chemicals, and benzene, must also be taken into account when considening
candidate military bases and defining the cohorts.

Cohorts of service personnel and civilian workers can be identified at military bases from personnel data
maintained at the Defense Manpower Data Center. Personnel data are available from 1971, although
information on military unit, which is needed to determine the base where the individual was statjoned,
does not begin until the second quarter of 1975, For civilian workers, data are available starting in the
last quarter of 1972, with data missing for the first quarter of 1973. The data contain the location pf the
workplace (codes for state, city, and ZIP code). The Defense Manpower Data Center data contain Social
Security number, name, date of birth, and sex to facilitate follow-up.

Military service personnel constitute a highly mobile population after their tours of duty are completed.
For a mortality study, this is not a problem, because the NDI is available to obtain information orj causes
of death. However, there is no national cancer registry to ascertain cancer incidence. Therefore, ajstudy
of military service personnel and civilian workers would require gaining the participation of all or most
of the state cancer registries and the Department of Veterans Affairs Central Cancer Registry (VACCR).
The Camp Lejeune Cancer Incidence Study is one model for such a study. This study is attempting to
recruit at least two-thirds of the state cancer registries and VACCR to cover >90% of the Camp Ligjeune
and Camp Pendleton cohorts. The study will send the personal identifiers for each cohort member to
each registry for matching with the registry’s data. For any matches that occur, the registry will send to
ATSDR the cancer information that is linked to personal identifier (e.g., Social Security number Ir a
unique identification number linked to the Social Security number). This will allow assessment of
exposures and other covariates and cancers at the individual level.

The most appropriate military sites for inclusion would be those with water systems that are not complex
so that simple mixing models can be used to estimate PFAS-contaminant levels throughout the
distribution system. In addition, candidate sites should have information on the history of AFFF use at
the base including major incidents such as spills, fires, etc.

Other study designs and health-related endpoints

1. Adverse birth outcomes

To evaluate adverse birth outcomes such as SGA, preterm birth, and specific congenital malformadtions
with sufficient statistical power, several thousand births should be studied. For example, to detectjan OR.
of 1.5 for SGA (5th percentile) with 80% power would require 1,775 births per stratum. For SGA|(10th
percentile) and preterm birth, with 80% power, an OR of 1.5 can be detected with a sample size of about
960990 births per stratum. For rare birth defects, such as neural tube defects, to detect an OR of .5
with 80% power would require a sample size of about 22,000 births per stratum. For oral clefts, t9 detect
an OR of 2.0 would require about 15,000 births per stratum.

Birth weight, SGA and preterm birth can be evaluated using birth certificate data. For birth defects, a
population-based registry must be used to identify cases.
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An adverse birth outcome study is not feasible at Pease because there were too few births to moth

'S

who worked at the Tradeport during their pregnancy. The most appropriate candidate populations for &

study of adverse birth outcomes would be one or more large municipalities with residential exposu

res to

PFAS-contaminated drinking water where a simple mixing model could be used to estimate contagninant

levels throughout the distribution system, i.e., a system that is not complex but instead has relatively

uniform contaminant levels throughout the distribution system.

2. Registry

Creating a registry of exposed children and adults at the Pease Tradeport involves following the health

status over a period of time and is similar to an epidemiological, longitudinal study of an exposed
cohort. The difference is that an epidemiological study would usually include a comparison, unexp
cohort. A registry, like a longitudinal epidemiological study, can be resource-intensive. A decision
would also have to be made concerning the length of the follow-up. As in any longitudinal effort,

osed

individuals will drop out over time, resulting in interpretation difficulties (e.g., selection bias resulfing

from loss to follow-up). In any event, before a registry or longitudinal study can be contemplated, an

initial cross-sectional study must first be conducted, similar to the children’s study and adult study)
discussed above,

3. Multi-site studies

The results of sample size calculations indicated that the exposed populations at the Pease Tradepqrt and

the former Pease Air Force Base were of insufficient size for some of the health-related endpoints of

interest to the community. Moreover, Pease CAP members have expressed interest in linking the K

case

communities with other communities that have been exposed to PFAS-contaminated drinking water. A

national database exists that can be used to identify other communities with PFAS-contaminated
drinking water. Data on PFAS contamination of public drinking water supplies are available for la
systems (serving >10,000 retail customers) and a small sample of small systems (n = 800 or 0.5%
~ total of 144,165 systems serving <10,000 retail customers) via the Third Unregulated Contaminant
Monitoring Rule (UCMR-3) database maintained by the EPA [US EPA 2016b].

UCMR-3 monitoring for PFAS is required at the entry point to the distribution system for each we;
at any interconnection that is in operation. Water utilities had to sample twice during a 12-month p
from 2013-2015 with sampling events occurring 5—7 months apart. The UCMR dataset contains

e
vf a

11 and
eriod

sampling data from January 2, 2013 through March 1, 2016. Table Al in the Appendix lists the utilities

ranked by the maximum level of combined PFOS and PFHxS detected in the system. The highest |

evel

was detected in the system serving the Mariana Islands. Among the U.S. water systems, the top 10

System in Colorado Springs, CO; Horsham and Warminster systems in Pennsylvania; Oatman W
Company in Arizona; Issaquah Water System in Washington; Hyannis- Water System in Massach
Suffolk County Water Authority in New York; Warrington Township Water in Pennsylvania; and
United Water in Pennsylvania, which serves various municipalities.

systems for combined PFOS and PFHxS were Artesian Water Company in Delaware; Security Wier

er
etts;

Although the UCMR database can be used to identify potential sites for further consideration for health

studies, it has several limitations. First, most small systems are not included in the database. Secon
data represent levels of contamination at the entry points to the distribution system of the water uti
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(e.g., contaminant levels in a supply well) and generally do not represent the levels of contamination

reaching particular residences served by the utility. To estimate the population receiying contaminated
drinking water and the levels of PFAS in their drinking water, the UCMR data must be supplemented
with information on the configuration and operation of the utility’s system. For a system that mnci:s all

its sources of water before to entering the distribution system, a simple mixing model can be used|t
estimate the contaminant levels in the drinking water serving the residences by taking into account

(8}
the

contaminant levels in each source and the contribution of each source to the total supply. This is the
situation at the Pease Tradeport, where water from each of the supply wells is mixed at the treatment

plant before entering the distribution system. However, many utilities have more complex systems
which each of the supply wells (or surface water sources) primarily serve particular areas of the

in

distribution system. For these systems, additional information is needed (for example, on the operation

of the supply wells, tank levels, and the water demand in each area of the distribution system), and
complex modeling methods must be used.

Conclusions

The ability of a study of the Pease population to provide useful information will depend to a great|extent

on the success of recruiting sufficient number of study participants. The feasibility assessment

concluded that it is possible to evaluate some health-related endpoints if a sufficient number of children
and adults from the Pease population participate. Other health-related endpoints would require larger

numbers of exposed individuals and would require the inclusion of populations from other sites who

were exposed to PFAS-contaminated drinking water, The feasibility assessment concluded that a third

study design, a mortality and cancer incidence study of former military service and civilian worker
personnel, would not be feasible solely with the population at Pease.

~ The feasibility assessment is still a draft. It will be finalized once the Pease Community Assistancg
Panel (CAP) and the larger Pease Tradeport comrnumty have the opportunity to review and make

comments on the assessment. ATSDR will then revise the assessment based on the comments recmved

The feasibility of successfully evaluating particular health—related endpoints (or effect biomarkers)
* change depending on final study design and goals.

could
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Table 3. Summary of the PFAS literature on adults.
PFOS PFHXxS PFOA

Cancer

Prostate

Bladder

Colorectal

Breast

Pancreatic

Testicular

Kidney

Thyroid

Liver

Leukemia

non-Hodgkin lymphoma

Multiple myeloma

QOvarian

Other diseases

Kidney disease/kidney function
Hyperuricemia

Liver disease/liver function
Cardiovascular Disease,
hypertension, hypercholesterolemia
Thyroid disease/function
Autoimmune diseases
Osteoarthritis, osteoporosis and - + +
bone mineral density
Immune response + + +
Reproductive outcomes : + + + .

% %] =| % =| %] #| #|—=|—=|+ |4+
) %] w| %] %) %] *| #| %= %] %+

| | ]

S e ol 8
e el I
+ |+ |+

%+
#|+
+|+

“+” One or more studies suggesting increased risk of an adverse outcome (e.g., OR or RR > 1.20)

¥ no studies were conducted (for liver cancer and PFOS, and multiple myeloma and PFOA, there were
too few deaths (<2) to evaluate).

“T” inconclusive — the findings have not suggested an increased risk (e.g., an OR or RR <1.20)
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Table 4. Summary of the PFAS literature on children.

PFOS | PFHxS | PFOA

Adverse birth outcomes + - + .

- Lipids + I +
Thyroid function + & +
Thyroid disease I * +
Uric acid -+ -+ +
Sex hormones + + +
Delay in reaching puberty + 1 +

| Neurobehavioral outcomes + + +
Immune function + + +
Hypertension I * I
Adiposity/BMI/Overweight + + +

“+ One or more studies suggesting increased risk of an adverse outcome (e.g., OR or RR > 1.20)
“* no studies were conducted.
“I” inconclusive — the findings have not suggested an increased risk (e.g., an OR or RR <1.20)

Note: adverse birth outcomes are not included in this table because these outcomes are not feasible to
study at Pease. Although the number of children potentially exposed to the PFAS-contaminated d l'n.king
water while attending daycare at the Pease Tradeport can be estimated, there.is a lack of information on
the number of children potentially exposed in utero to the PFAS-contaminated drinking water beczuse
their mothers were employed at the Pease Tradeport during the pregnancy. To evaluate adverse birth
outcomes with sufficient statistical power would require the inclusion of several hundreds of exposed
births.
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Table 6a. Minimum detectable effects for a Pease children study with 350 exposed and 175

~ unexposed.”

| Endpoint o and p=.05 o=.05, f=.20 oand p=.10 a=.10, =20
Total cholesterol 9.8 mg/dL 7.6 mg/dL 8.0 mg/dL 6.8 mg/dL
(mean difference)
Hypercholesterolemia | OR = 2.00 OR=1.73 OR = 1.77 OR =1 .63
Hyperuricemia OR=2.30 OR=1.96 OR =2.00 OR=1.83
Uric acid (mean 0.40 mg/dL 0.31 mg/dL, 0.33 mg/dL 0.28 mg/dL
difference) '
eGFR (mean 8.0 6.2 6.5 5.5
difference)”
ADHD! OR =247 OR=2.09 OR=2.13 OR=1.94
ADHD + meds® OR =3.50 | OR=2.80 OR =2.89 OR=2.52
Atopic dermatitis OR=2.49 OR=2.10 OR=2.15 OR =1.95
Asthma OR =2.56 OR=2.16 OR=2.21 OR=2.00
Rhinitis OR =2.08 OR=1.79 OR = 1.83 OR =1.69
Hypertension OR=2,12 OR=1.80 OR =1.85 OR=1.69
Overweight/Obese OR =2.00 OR=1.72 OR=1.76 OR=1.62

Table 6b. Minimum detectable effects for a Pease children study with 500 exposed and 250

unexposed.”
Endpoint o and B=.05 a.=.05, =20 cand f=.10 a=.10, =20
Total cholesterol 8.2 mg/dL 6.4 mg/dL 6.7 mg/dL 5.7 mg/dL
(mean difference) _
Hypercholesterolemia | OR = 1.78 OR = 1.57 OR = 1.60 OR =1 .50
Hyperuricemia OR=2.04 OR = 1.75 OR =1.79 OR=1.65
Uric acid (mean 0.34 mg/dL 0.26 mg/dL 0.27 mg/dL 0.23 mg/dL|
difference)
eGFR (mean 6.7 5.2 -5.4 4.6
difference)"
ADHD! OR=2.18 OR=1.85 OR = 1.90 OR=1.73
ADHD + meds/ OR=2.98 OR =240 OR =248 OR=2.19
Atopic dermatitis OR =2.20 OR=1.86 - OR =191 OR=1.74
Asthma OR=2.26 OR=1.91 OR =1.96 | OR=1.78
Rhinitis OR=1.85 OR=1.62" OR = 1.65 OR=1.54
Hypertension OR=1.88 OR = 1.64 OR = 1.68 OR=1.56
Overweight/Obese OR=1.79 OR=1.58 OR=1.61 OR=1.50

* Some health-related endpoints are not included in the table because there was insufficient info
to calculate minimum detectable effects. For sex hormones, insulin-like growth factor — 1, and
function, see the appendix for a description of the assumptions used in the sample size calculatio

the resulting calculations.

# mL/min/1,73 m?
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1The prevalence of an ADHD diagnosis reported by a study participant in the C8 study (Stein 2011) was
12.4%. In this study, the prevalence of an ADHD diagnosis reported by a study participant who also
reported currently using a medication commonly used to treat ADHD was 5.1%.
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Table 6. Summary of information used to categorize the feasibility of studying health-related endpoints for a Pease children study.

Health-related Minimum Other Sample Size Considerations Conclusion
Endpoint Detectable Effect -
Size: 350 exposed,
175 unexposed ‘
Lipids (total cholesterol) | 6.8 mg/dL A Taiwan study (Zeng 2015) obtained mean differences | Feasible to study at Pease

of 11-12 mg/dL for total cholesterol and low density
lipoprotein at PFOA serum levels similar to Pease.

Estimated glomerular 5.5 mL/min/1.73 m?* | ANHANES study (Kataria 2015) observed a mean Feasible fo study at Pease
filiration rate (eGFR) difference of 6.6 mL/min/1.73 m? for PFOA serum levels

similar to those at Pease. For PFOS, the mean difference

was 7.2 mL/min/1.73 m? .
Insulin-like growth See appendix for A C8 study (Lopez-Espinosa 2016) observed a reduction

hormone-1 (IGF-1)

sample size
calculations and
assumptions required
for the calculations.

of IGF-1 for PFHxS serum levels similar to those at
Pease that could be detected with sufficient power by.a
sample size of 350 exposed and 175 unexposed.

Feasible to study at Pease.

Overweight/Obesity OR=1.62 A Faroes study (Karlsen 2016) observed and OR of 1.88 | Feasible to study at Pease.
for PFOA serum levels below those at Pease. This OR
could be detected with a sample size of 350 exposed and
175 unexposed children.
Hypercholesterolemia OR=1.63 A NHANES study (Geiger2014) obtained ORs of 1.49 | Possible to study at Pease although
and 1.35 for serum PFOA and PFOS levels similar to a sample size of at least 500
those at Pease. To detect an OR of 1.49 with 80% power | exposed and 250 unexposed would
: requires 2 minimum of 540 exposed and 270 unexposed | be necessary (see table 6b).
Uric acid 0.28 mg/dL. A NHANES study (Kataria 2015) obtained a mean Possible to study at Pease although

difference of 0.21 mg/dL for PFOA serum levels similar
to Pease. However, for PFOS, the mean difference was
0.05 mg/dL.

a Jarger sample size than 500
exposed and 250 unexposed would
be necessary.
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Health-related Minimum Other Sample Size Considerations Conclusion

Endpoint Detectable Effect
Size

Hyperuricemia OR=1.83 A Taiwan study (Qin 2016) obtained an OR of 1.65 for | Possible to study at Pease although

PFHxS serum levels much lower than at Pease. For a sample size of at least 500

PFOA serum levels lower than at Pease, an OR of 2.2 exposed and 250 exposed may be

was obtained. necessary to evaluate the effect of
serum PFHxS. (For serum PFOA,
the Pease sample size of 350
exposed and 175 unexposed may be
sufficient)

IQ 3 point mean A Taiwan study (Wang 2015) obtained IQ mean Possible to study at Pease although
difference differences of <2 points for PFOS serum levels higher a sample size larger than 500

than at Pease. A C8 study (Stein 2013) did not find a exposed and 250 unexposed would
decrease in IQ with PFOA exposure and did not evaluate | be necessary.
: PFOS or PFHxS.

Neurobehavioral Could not be Some studies had sample sizes achievable at Pease while | Similar conclusion as for IQ:
calculated due to others had much larger sample sizes. The effects Possible to study at Pease although
insufficient observed were not large (e.g., an OR for learning a sample size larger than 500
information problems was 1.2 for PFHxS and lower for the other exposed and 250 unexposed would

PFAS, and ORs for hyperactivity and coordination be necessary.
problems were <1.5 for each of the PFAS). The few

studies that have been conducted evaluated different

neurobehavioral tests.

Sex hormones See appendix for At PFOS serum levels much higher than at Pease, a C8 | Possible to study at Pease although
sample size study (Lopez-Espinosa 2016) observed reductions in a sample size larger than 500
calculations and estradiol that would require a sample size of over a exposed and 250 unexposed would
assumptions required | thousand of exposed to achieve sufficient statistical be necessary.
for the calculations. | power. However, the observed reductions in testosterone

would require a sample size of between 500 and 1,000
exposed. d

67




Draft for Review Purposes — Do Not Cite or Quote

Health-related Minimum Other Sample Size Considerations Conclusion

Endpoint Detectable Effect
Size _

Thyroid function See appendix for A C8 study (Lopez-Espinosa 2012) observed small Possible to study at Pease.
sample size : differences for PFOS and PFOA serum levels : -
calculations and considerably higher than at Pease. To detect these
assumptions required | differences would require a sample size of over a
for the calculations. | thousand exposed. On the other hand, a Taiwan study

(Lin 2013) observed differences that could be detected
with sufficient power with a sample size of 350 exposed
and 175 unexposed.
Atopic dermatitis OR=1.95 A Taiwan study (Wang 2011) obtained an OR of 2.19 for | Possible to study at Pease.
PFOS serum levels similar to Pease, However, the study
evaluated children aged 2 years. No other PFAS study
evaluated atopic dermatitis
Asthma OR=2.00 Two NHANES studies (Humblet 2014, Stein 2016) Possible to study at Pease.
observed ORs between 1.2 and 1.3 which would require
a sample size of over 2,000 exposed. However, a Taiwan
study (Dong 2013) obtained ORs between 3.8 and 4.0 for
"PFHxS and PFOA serum levels lower than at Pease.
Rhinitis OR=1.69 A NHANES study (Stein 2016a) evaluated rhinitis and Possible to study at Pease
obtained an OR of 1.35 for serum PFOA similar to those
at Pease. To detect this OR would require over a
thousand exposed. However, ORs between 1.5 and 1.6
could be detected with sufficient statistical power with a
sample size of 500 exposed and 250 unexposed. These
are ORs that are reasonable to detect and fall within the
95% CI for the finding in the NHANES study.

Antibody response to Could not be Three studies that have been conducted of these Possible to study at Pease although

childhood vaccines calculated due to endpoints had sample sizes that could be achievable at a sample size larger than 500
insufficient Pease. Only two studies (Granum 2013, Stein 2016) exposed and 250 exposed may be
information have evaluated the same endpoint — rubella. ' necessary.
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Health-related Minimum Other Sample Size Considerations Conclusion
Endpoint Detectable Effect
Size
Attention ORs: 1.9-2.5 A C8 study (Stein 2011) obtained an OR of 1.55 (ADHD | Not feasible to study using the
deficit/hyperactivity -+ meds) for PFHxS serum levels similar to Pease. A Pease population alone (for ADHD
disorder (ADHD) NHANES study (Hoffman 2010) observed an OR of 1.67 | confirmed by current medications)
for PFHxS serum levels similar to Pease.
Autism spectrum ORs>4.0 One study (Liew 2015) obtained an OR of 1.3 for serum | Not feasible to study using the
disorder (ASD) PFHXxS levels lower than at Pease. To detect this OR Pease population alone.
would reguire >10,000 exposed. ‘
Delayed puberty Could not be Only one study evaluated delayed puberty among Not feasible to study using the
| caleulated due to children. This was a C8 study (Lopez-Espinosa 2011) Pease population alone.
insufficient that evaluated several thousand children. It is likely that
information sample sizes much larger than at Pease would be
: necessary.
Thyroid disease OR>8.0 A C8 study (Lopez-Espinosa 2012) obtained an OR of Not feasible to study using the
1.44 for PFOA serum levels considerably higher than Pease population alone.
those in the Pease population. To detect this OR with
80% statistical power would require a sample size of
over 10,000 exposed children.
Childhood cancers No PFAS study has evaluated childhood cancers. Given | Not feasible to study using the

the incidence and prevalence of cancers such as
leukemia, a sample size of many thousands of exposed
would be necessary.

| Pease population alone.

The minimum detectable effect size is based on a sample size of 350 children exposed and 175 children unexposed, and specifying statistical
power of 80% (or a type 2 or “B” error of .20) and a type 1 (“) error of .10 (see table 6a). This minimum detectable effect size is compared
to the adverse effect sizes observed in other PFAS studies. Where possible, the focus is on adverse effect sizes in the PFAS studies observed
for PFAS serum levels similar to those among the Pease children. An endpoint is considered feasible to study at Pease if an adverse effect
size observed in PFAS study can be detected with sufficient statistical power (i.e., statistical power 0f >80%) by a'sample size achievable at
Pease, i.e., a sample size of 350 exposed children at Pease and 175 children unexposed to the PFAS-contaminated drinking water at Pease. If
only one PFAS study has been conducted on a health-related endpoint, then the endpoint was considered feasible to study at Pease if.an odds

ratio of <2.0 could be detected with statistical power of 80%.
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Note: The studies mentioned in the column of the table labeled “Other Sample Size Considerations™ are included only fo give a sense of the
adverse effect sizes that might occur in a Pease study. Due to the paucity of studies for each health-related endpoint, there is considerable
uncertainty concerning the effect sizes that might be expected to occur in a Pease study.

OR: Odds ratio. The odds ratio roughly approximates the risk ratio. The risk ratio is the proportion of the exposed population with a disease
divided by the proportion of the unexposed population with a disease.

Note: Hypertension is not included in this table because there is no evidence so far of an association between PFAS serum levels and
hypertension in children. Adverse birth outcomes are not included in this table because these outcomes are not feasible to study at Pease.
Although the number of children potentially exposed to the PFAS-contaminated drinking water while attending daycare at the Pease
Tradeport can be estimated, there is a lack of information on the number of children potentially exposed in utero to the PFAS-contaminated
drinking water because their mothers were employed at the Pease Tradeport during the pregnancy. To evaluate adverse blrth outcomes with
sufficient statistical power would require the inclusion of several hundreds of exposed births.

Note: The health-related endpoints listed in this table satisfy the criteria of scientific importance and public health significance as discussed
on page 8 of the text.
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Table 7a. Minimum detectable effects for an adult epidemiological study, 1,500 per stratum.”

Endpoint oand =.05 | 0=.05,p=20 | wand p=.10 | o.=.10, =20
Chronic kidney disease OR=2.54 OR=2.14 OR=2.20 OR=2.00
Thyroid disease, unconfirmed OR=1.48 OR=1.36 OR=1.38 OR=I.32
Thyroid disease, confirmed OR=1.63 OR=1.48 OR=1.50 OR=1.42
Total cholesterol (mean 5.5 mg/dL 4.3 mg/dL 4.5 mg/dL 3.8 mg/dL
difference)
LDL (mean difference) 4.5 mg/dL 3.5 mg/dL 3.7 mg/dL 3.1 mg/dL
Hypercholesterolemia OR=1.42 OR=1.32 OR=1.34 OR=1.28
Uric acid (mean difference) 0.21 mg/dL 0.17 mg/dL 0.18 mg/dL 0.15 mg/dL
Hyperuricemia OR=1.35 OR=1.27 OR=1.28 OR=1.24
Elevated ALT (>45 IU/L, men; OR=1.49 OR=1.37 OR=1.39 OR=1.33
>34 TU/L, women)
Elevated- GGT (>55 IU/L, men; | OR=1.44 | OR=1.33 OR=1.35 OR=1.29
>38 IU/L, women)
Elevated direct bilirubin OR=2.80 OR=2.34 OR=2.40 OR=2.16
(>0.03 mg/dL)
ALT (mean difference) 2.65 JU/L 2.06 IU/L 2.15 TU/L 1.83 IU/L
GGT (mean difference) 5.92 TU/L 4.60 IU/L 4,80 IU/L 4.09 IU/L
Direct bilirubin (mean 0.079 mg/dL. | 0.060 mg/dL. | 0.064 mg/dL | 0.055 mg/dL
difference)
Liver disease OR=2.24 OR=1.92 OR=1.97 OR=1.80
Cardiovascular disease OR=1.45 OR=1.34 OR=1.36 OR=1.30
Hypertension OR=1.31 OR=1.24 OR=1.25 OR=1.21
Ulcerative colitis OR=4.13 OR=3.24 OR=3.38 OR=2.94
Rheumatoid arthritis OR=2.70 OR=2.25 OR=2.32 OR=2.10
Lupus OR=6.87 OR=4.97 OR=5.24 OR=4.33
Multiple Sclerosis OR=5.30 OR=3.97 OR=4.15 OR=3.50
Osteoporosis OR=1.73 OR=1.55 OR=1.58 OR=1.48
Osteoarthritis OR=1.58 OR=1.44 OR=1.46 OR=1.39
Endometriosis OR=1.92 OR=1.69 OR=1.73 ‘OR=1.61
(750 per stratum)
Pregnancy-induced hypertension | OR=1.84 OR=1.63 OR=1.66 OR=1.55
(750 per stratum)
-Kidney cancer OR=5.60 OR=4.27 OR=4.45 OR=3.80

* Some health-related endpoints are not included in the table because there was insufficient information
to calculate minimum detectable effects. For thyroid function, see the appendix for a description pf the
assumptions used in the sample size calculations and the resulting calculations.
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Table 7b. Summary of information used to categorize the feasibility of studying health-related endpoints for a Pease adult study.

Health-related Minimum Other Sample Size Considerations Conclusion
Endpoint Detectable Effect
Size: 1,500 exposed
and 1,500
unexposed
Lipids (total cholesterol) | 3.8 mg/dL A C8 study (Steenland 2009) observed a 3 —4 mg/dL Feasible to study at Pease
change in total cholesterol and LDL for PFOS serum
levels similar to those at Pease.
Hypercholesterolemia OR=1.28 A Canadian study (Fisher 2013) obtained an OR of 1.57 | Feasible to study at Pease
for PFHXS serum levels similar to those at Pease.
Uric acid 0.15 mg/dL A NHANES study (Shankar 2011) observed a mean Feasible to study at Pease
difference of 0.40 mg/dL for serum PFOA levels similar
to those at Pease.
Hyperuricemia OR=1.24 A NHANES study (Shankar 2011) obtained an OR of Feasible to study at Pease
1.90 for serum PFOA levels similar to those at Pease.
Thyroid disease OR=1.32 A C8 study (Winquist 2014a), hazard ratios <1.3 were Feasible to study at Pease
(unconfirmed) obtained for PFOA serum levels similar to those at
Pease. (Only PFOA was evaluated in this study.)
Cardiovascular disease | OR=1.30 A NHANES study (Shankar 2012) obtained an OR of Feasible to study at Pease
2.01 for PFOA. serum levels similar to those at Pease.
Hypertension OR=1.21 Only one community study (a C8 study, Winquist Feasible to study at Pease
2014b), evaluated hypertension and obtained an OR <
1.0 for serum PFOA (the only PFAS evaluated).
However, the sample size achievable at Pease is capable
of detecting very low ORs with sufficient statistical
pOWer.
Osteoarthritis OR=1.39 A NHANES study (Uhl 2013) obtained an OR of 1.5 for | Feasible to study at Pease
serum PFOA levels similar to those at Pease.
Osteoporosis OR=1.48 ANHANES study (Khalil 2016) obtained an OR > 10 Feasible to study at Pease

among women, for serum PFHXS levels lower than those
at Pease.
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Health-related Minimum - | Other Sample Size Considerations _ Conclusion
Endpoint Detectable Effect
Size
Serum Immune Could not be Only one published study (Stein 2016b) has been Feasible to study at Pease
Biomarkers calculated due to conducted that evaluated serum immune biomarkers at
insufficient baseline (i.e., cross-sectionally). This study had a sample
information size of 75 adults. A cross-sectional evaluation of PFAS

serum levels and immune biomarkers in a Pease adult
study could provide important information on the effects
of PFAS exposures on immune function in humans.

Liver function: A NHANES study (Gleason 2015) evaluated PFAS Possible to study at Pease, but may
Elevated ALT OR=1.33 serum levels similar to those at Pease. For elevated ALT, | require a larger sample size than
Elevated GGT OR=1.29 ORs betweenl.2 and 1.5 were obtained. For elevated 1,500 exposed and 1,500
Elevated direct bilirubin | OR=2.16 GGT, ORs between 1.0 and 1.3 were obtained. For unexposed to evaluate PFOS and

elevated direct bilirubin, ORs between 1.1 and 1.7 were | PFHxS serum levels and ALT and
obtained. GGT. Direct bilirubin is probably
not feasible to study using the
: Pease population alone.
Thyroid disease OR=1.42 A C8 study (Winquist 2014a), hazard ratios <I.3 were Possible to study at Pease, but will

(confirmed) obtained for PFOA. serum levels similar to those at require a larger sample size than

Pease. (Only PFOA was evaluated in this study.) 1,500 exposed and 1,500
unexposed.

Thyroid function See appendix for A C8 study (Knox 2011) observed very subtle changes | Possible to study at Pease.

sample size that would require a study of equivalent size (52,296) to
caloulations and detect associations with sufficient statistical power. On

assumptions required | the other hand, a NHANES study (Wen 2013) observed
for the calculations. | larger changes (at PFAS serum levels similar to those at
Pease) that could be detected with a sample size
achievable at Pease.
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Other Sample Size Considerations

Health-related Minimum Conclusion
Endpoint Detectable Effect
Size
Endometriosis OR=1.61 A NHANES study (Campbell 2016) obtained ORs of Possible to study at Pease if
(750 exposed & 750 | 1.47 and 2.86 for serum PFHxS and PFOA, respectively. | sufficient numbers of women can
unexposed) The serum levels for these two PFAS were similar to be recruited.
those in the Pease population.
Pregnancy-induced OR=1.55 (750 A C8 study (Stein 2009, Darrow 2013) obtained an OR | Possible to study at Pease but may
hypertension exposed pregnancies | of 1.6 for serum PFOS levels higher than at Pease. require a larger sample size than
and 750 unexposed 1,500 exposed and 1,500
pregnancies unexposed in order to achieve a
sufficient number of pregnancies.

Liver disease . OR=1.80 A C8 study (Darrow 2016) and a NHANES study Not feasible to study using the
(Melzer 2010) observed no elevation in liver disease. Pease population alone.
However, the C8 study evaluated only PFOA and the
NHANES study evaluated PFOA and PFOS but not
PFHXxS.

Kidney disease OR=2.00 A C8 study (Dhingra 2016a) evaluated only PFOA and | Not feasible to study using the
obtained ORs of 1.26 and 1.36 for the retrospective and | Pease population alone.
prospective analyses, respectively, at the second quintile
PFOA serum level. (Smaller ORs were observed at
higher PFOA serum levels.)

Ulcerative colitis OR=2.94 A C8 study (Steenland 2013) observed RRs between 2.8 | Not feasible to study using the
and 3.1 at the highest serum PFOA levels, considerably | Pease population alone.
higher than those at Pease. At lower PFOA serum levels,

. the RRs were <2.2

Rheumatoid arthritis OR=2.10 A C8 study (Steenland 2013) observed RRs between 1.3 | Not feasible to study using the
and 1.7 for serum PFOA. Pease population alone.

Lupus OR=4.33 A C8 study (Steenland 2013) observed RRs <1.3 for Not feasible to study using the
serum PFOA. Pease population alone.

| Multiple sclerosis OR=3.50 A C8 study (Steenland 2013) observed RRs between 1.1 | Not feasible to study using the

and 1.6 for serum PFOA

Pease population alone.
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Health-related Minimum Other Sample Size Considerations Conclusion
Endpoint Detectable Effect
Size
Kidney cancer OR=3.80 for kidney | A C8 study of a community population (Vieira 2013) Not feasible to study using the
cancer observed an RR of 1.70 for those served by the Little Pease population alone. (Due to the
Hocking water system. very low background prevalences
of other adult cancers, it is not
feasible to study cancers using the
Pease population alone.)

The minimum detectable effect size is based on a sample size of 1,500 adults exposed and 1,500 adults unexposed, and specifying statistical
power of 80% (or a type 2 or “B” error of .20) and a type 1 (“o”) error of .10 (see table 6a). This minimum detectable effect size is compared
to the adverse effect sizes observed in other PFAS studies. Where possible, the focus is on adverse effect sizes in the PFAS studies observed
for PFAS serum levels similar to those among the Pease adults. An endpoint is considered feasible to study at Pease if an adverse effect size
observed in PFAS study can be detected with sufficient statistical power (i.e., statistical power of >80%) by a sample size of 1,500 exposed
and 1,500 unexposed. If only one PFAS study has been conducted on a health-related endpoint, then the endpoint was considered feasible to
study at Pease if an odds ratio of <2.0 could be detected with statistical power of 80%.

Note: the studies mentioned in the column of the table labeled “Other Sample Size Considerations” are included only to give a sense of the
adverse effect sizes that might occur in a Pease study. Due to the paucity of studies for each health-related endpoint, there is considerable
uncertainty concerning the effect sizes that might be expected to occur in a Pease study.

OR: odds ratio. The odds ratio roughly approximates the risk ratio (RR). The risk ratio is the proportion of the exposed population with a
disease divided by the proportion of the unexposed population with a disease.
A hazard ratio can be interpreted in the same way as a risk ratio.

Note: The health-related endpoints listed in this table satisfy the criteria of scientific importance and public health significance as discussed
on page 8 of the text.
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Other sites with PFAS-contaminated drinking water from the UCMR-3

Table A1 shows the maximum combined levels of PFHxS and PFOS in any sample taken from eagh
utility. Only utilities with detectable levels of either PFHxS or PFOS are listed. The data are from the
UCMR-3 database as of July 2016 (US EPA 2016b). The ten utilities with the highest PFOS/P
levels in a sample are the Commonwealth Utilities Corporation serving the Mariana Islands, the

setving Colorado Springs, the Horsham Water & Sewer (PA), the Warminster Municipal Authori
(PA), the Oatman Water Company (AZ), the Issaquah Water System (WA), the Hyannis Water Sy
(MA), the Suffolk County Water Authority (NY) and the Warrington Township Water & Sewer (PA).
Three of the top 10 utilities are located near each other in the vicinity of Philadelphia, PA: Horsham,

Warminster, and Warrington. ATSDR is currently considering whether it is feasible to include c;hi;E
and adults from these towns in studies that would also evaluate the Pease populations.

Willow Grove Naval Air Station/Air Reserve Station (a.k.a. Naval Air Station Joint Reserve Base
and Air Force Reserve Station), Montgomery County, Pennsylvania

The Naval Air Station Joint Reserve Base INASIRB) and Air Reserve Station (ARS) at Willow
Grove (“Willow Grove™) are two separate, but co-located military facilities in Montgomery County,
Pennsylvania. The Navy acquired site in 1942 and began jet training there in 1949; the air force bage
began operations in 1958. In 2001, the Willow Grove bases employed 1,571 active-duty individuals, 993
members of the National Guard, 3,500 members of the Reserves, and 778 civilians with approximgtely
1,700 staff on-station daily. About 230 people resided on the bases year-round: less than 30 people
resided in single family dwellings and less than 200 resided in barracks. Additionally, there were fjve
officer family units, 200 enlisted family units, and 250 unaccompanied enlisted units as well as a
daycare center on base for 96 children. The Willow Grove Branch Medical Clinic was also located there
and provided primary care, medical support, preventive medicine, and occupational health services to
20,000 active duty, reserve, retired personnel, and their family members (ATSDR 2002a). Willow (Gove
became an Air National Guard Base in September 2011. The surplus land with the runways was turned
over to Horsham Township for redevelopment.

AFFF used on the Willow Grove bases resulted in PFAS contamination of two nearby water
systems —the Warrington Township Water and Sewer Department (WTWSD) which served the eastern
portion of Warrington and the Horsham Water and Sewer Authority (HWSA).

In late October 2014, three of eight wells in the southern portion of the WTWSD were aboye the
EPA Provisional Health Advisory Level (PHAL) for PFOS and were taken out of service. PFOS lgvels
were the following: Well 1 (0.21 pg/L), Well 2 (1.6 pg/L), and Well 6 (1.3 pg/L). Although the wells
pump directly into the distribution system, wells 1, 2, and 6 are blended together at a tank and ente} the
distribution system at one point. These wells constituted about 30% of the WTWSD supply. Well 3, in
the northeast area of the eastern section, and well 9, which is centrally located in the eastern section, had
very low levels of contamination.

Using currently available water distribution system information, ATSDR determined that for
“present-day” conditions, the northern part of the eastern section of the WTWDS system generally
received water that did not contain PFOA and PFOS. If any customers in the northern part of the system
received water containing PFOA and PFOS, it was at levels below the EPA Lifetime Health Advispry
(LTHA). The central part of the eastern section of the system may have received water containing PFOA
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and PFOS concentrations above the EPA LTHA. The southeastern part of the eastern section of the

system received water containing PFOA and PFOS concentrations up to 10 times the EPA LTHA.
detailed analyses of the water-distribution system need to be conducted to estimate historical PFAS
concentrations at specific housing areas. These analyses would involve looking at the water-distrib
system operating conditions, historical monthly well pumping records, and customer consumption
information in more detail.

The western section of the Warrington system is supplied by water purchased from North
Water Authority and is not contaminated with PFAS. However, there is an interconnection betweer

eastern and western sections of the system which is used when there is a need in the eastern sectior).

Warrington Township Water and Sewer Department (WTWSD) UCMR 2014-2015 data*

More

ution

ales
n the

Well PFOS (ug/L) | PFHxS (ug/L) | PFOA (ug/L) | PENA (ug/L)
Wells 1, 2, 6 0.67 0.24 0.12 -
Well 3 0.06 0.04 0.02 -
Well 9 0.09 0.06 0.03 -

*Wells 1, 2, 3, and 6 were sample 11/11/2014; Well 9 was sampled 5/11/2015

The HWSA is served by 15 wells as well as interconnections with other nearby water utilit1es.
The water system is separated into two pressure zones, “high” and “low,” with the wells in each zone
pumping to fill storage tanks. The high zone has two storage tanks supplied by three wells and tw
interconnections. The low zone has three storage tanks served by 11 wells and an interconnection with
Aqua Pennsylvania Southeastern Division. (Note: the Aqua system had 0.009 pg/L of PFOS and .(05
pg/L PFOA during UCMR-3 sampling in 4/16. There are now samples from 7/16 which measured
0.0068 pg/L for PFOS and 0.0065 pg/L for PFOA.). June 2014 drinking water sample results indigated
that PFAS contamination was solely in the low pressure zone which serves the majority of the service
area. Prior to 1996 the system did not have pressure zones which means customers located in the cpirrent
high pressure zone may have received water from wells in the low pressure zone, Generally, demand is
met using water from the storage tanks. There are three elevated tanks, and each tank generally supplies
a certain area of the system. Each tank will have different PFAS concentrations depending on which
wells are supplying water to them. However, it is possible that a property in close proximity to a well
which has a demand at the same time the well is pumping will have a higher percentage of water fiom
the nearby well than other areas.

In June 2014, HWSA wells were tested for PFAS as part of the UCMR-3. Two wells, well ﬁ!z&
and well #40, had levels of PFOS greater than the EPA PHAL of 0.2 pg/l, and well #26 also exceefed
the EPA HAL of 0.4 pg/l for PFOA. The PFAS contamination levels from the UCMR-3 for the
Horsham supply wells are shown in the table below. Both wells #26 and #40 were removed from sgrvice
in July 2014. According to the 2014 consumer confidence report for the HWSA, the average level pf
PFOS reported was 0.06 ppb, the average level of PFHxS was 0.037 ppb, and PFOA was not detected.
The two contaminated wells generally supplied about 25% of the water for the system; however, thiere
were times that the two contaminated wells supplied as much as 35% of the water for the system.

In May 2016 subsequent to the EPA announcement of its lifetime health advisory for
PFOA/PFOS, wells 10, 17, and 21 were immediately taken out of service. One of these three wells was
shut down to comply with the EPA’s new LTHA. The other two wells, which tested below the LTHA,
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were shut down as a precaution, The other nine wells that now supply public drinking water across|the

township have tested below the EPA lifetime health advisory levels.

ATSDR used currently available water-distribution system information to determine that fq
“present-day” conditions, some areas in the southern and southeastern part of the low pressure zon
received water containing PFOA and PFOS concentrations up to 9 times the EPA LTHA. The
northeastern part of the low pressure zone received water containing PFOA and PFOS concentratic
less than the EPA LTHA. More detailed analyses of the system need to be conducted to estimate
historical PFAS concentrations at specific housing areas. These analyses would involve looking at

the

water-distribution system operating conditions, historical monthly well pumping records, and custgmer

consumption information in more detail.

In addition to the five total public wells that HWSA shut down, the Navy and the EPA identified

approximately 40 additional private wells in Horsham that are at or above the EPA guidance of 70
per trillion (ppt). The Navy is providing bottle water to these private well owners,

Horsham Water and Sewer Authority (HWSA) UCMR 2014 data*®

parts

Well PFOS (ug/L) | PFHxS (ug/L) | PFOA (ug/L) | PFNA (pg/L)
Well 10 0.05 0.04 0.03 »
Well 17 0.10 0.05 0.03 .
Well 21 0.14 0.08 . -
Well 26 0.70 0.39 0.29 -
Well 40 1.00 0.59 0.06 -

*Wells 10 and 17 were sampled 12/9/2014; Wells 21, 26, and 40 were sampled 6/24/2014

Other drinking water contaminants

Supply wells on base contained volatile organic compounds (VOC) and metals. Maximum |-

detected levels in supply wells from sampling conducted in 1979-1984 were 91 ppb for PCE and 3
ppb for TCE. After contamination was detected, the well with the highest levels of contamination Y
used mainly for fire protection. Additionally, the Navy installed an air stripper to treat groundwate

00
vas
[ prior

to distribution, and monitoring of treated water between 1996 and 1998 found no contaminants above

EPA’s Maximum Contaminant Levels (MCLs) (ATSDR 2002a). According to the EPA, over 800
employees at the two facilities may have drank or come into contact with treated water from the N

vy

supply wells (https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0303820). VOC contamipation

in off-site wells has.not been attributed to the base, and the local water authorities (HWSA and
WTWSD) treat the water for VOCs before distribution (ATSDR 2002a).

Naval Air Warfare Center (a/k/a Naval Air Development Center), Warminster Township, Bt
County, Pennsylvania

The former Naval Air Warfare Center (NAWC) is located in Warminster Township. The bgse

operated from 1944 until its closure in September 1996. In 1994, approximately 1,850 civilians an
1,000 military personnel were stationed or employed on base. At its peak, the base employed 2,80(
civilians, 200 military personnel, and up to 300 daily contractors (ATSDR 2002b).
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Approximately 800 to 1,000 military personnel and their families stationed at nearby Willow
Grove Naval Air Station lived in two on-base housing areas at NAWC while as many as six familigs
may have resided in officer housing. Between 450-550 enlisted personnel and their families lived at the
Shenandoah Woods housing complex. Site 5, a former landfill, was located in Shenandoah Woods
Quarters A and B, located within Area C, provided housing for the base’s commanding officer an
second-in-command (ATSDR 2002b). '

Four out of eighteen of the Warminster Municipal Authority (WMA) public water supply wells
are in close proximity to the former NAWC site. The WMA provides water to approximately 40,000
people. The water supplied to the customers is from water supply wells in the WMA system and miay be
purchased from the North Wales Water Authority NWWA) as well as the Upper Southampton
Municipal Authority on an emergency basis. WMA's water supply wells are connected individually to
the distribution network and are subsequently blended within the distribution system in tanks and
standpipes. Therefore, customers located geographically closest to a given water supply well will likely
receive more water from that well than users located further away (ATSDR 2016).

AFFF was used for decades at the base for firefighting training activities. PFAS were first tested
for in groundwater as emerging contaminants in preparation for the CERCLA 2012 Five Year Re:iiew
for this site. In summer 2013, PFOS levels above the EPA PHAL were first discovered in groundwater
on the former Navy property. As part of the EPA's UCMR-3, sampling for six PFAS in the WMA |first
occurred in November 2013. UCMR-3 monitoring for PFAS is required at the entry point to the
distribution system for each well and at any interconnection in operation. Accordingly, WMA congucted
sampling in November 2013 and May 2014 for all wells and conducted sampling in November 2013 and
February, May, and August 2014 for the interconnection with NWWA (ATSDR 2016).

Samples taken in the WMA system detected levels of PFOS, PFOA, PFHxS and/or PFHpA. The
source of the contamination was the use of AFFF at NAWC., In November 2013, three WMA publlic
water wells had levels at or above EPA’s PHAL for PFOS. In this sampling event, 17 samples covering
17 wells in the WMA and one sample of the NWWA interconnection were taken and analyzed for
PFAS, One of the 17 WMA samples represents the combined water extracted from WMA Wells 43 and
44, Water from these two wells is combined for treatment and samples are taken after treatment at|the
entry point to the distribution system, PFOS was detected in 6 public wells and PFOA was detected in 8
public wells. PFOS was detected in Well 26 at 0.791 pg/L, more than three times the 0.2 pg/L PFOS
PHAL value. Wells 10 and 13 had PFOS concentrations of 0.193 and 0.16 pg/L that can be rounded to
0.2 pg/L. None of the PFOA detections exceeded the PFOA PHAL in the WMA wells. Well 26 had the
highest detections for PFOA and PFOS. In summer 2014, PFOS was detected in four public wells{ The
highest concentrations were in Well 26 at 1,09 pg/L, more than five times the 0.2 pg/L PFOS P
value, and in Well 10 at 0.176 pg/L. PFOA was detected in four wells, including Well 26 at 0.349 |jug/L,
close to the 0.4 pg/L PHAL for PFOA. Wells 13 and 26 were shut down in June 2014. Well 10 was shut
down in September 2014, On May 19, 2016, wells 2, 14 and 15 were removed from service due tojthe
EPA new lifetime health advisory level for PFOA/FPOS (ATSDR 2016).

PFOS levels above the PHAL were also detected in private drinking water samples. As of
September 2015, 100 private wells (94 residential and 6 non-residential) were identified and sampled
within an approximate 1-3 mile radius of the site. At least one PFAS was detected in the majority (93
out of 100) of these private water wells. Of the 94 residential private water wells, five were non-detect
for PFOA and PFOS, 18 had detections of PFOA only, and 71 had both PFOA and PFOS. Eleven
exceeded the PFOS PHAL, ranging from 0.152 pg/L to 0.729 pg/L. The PFOS PHAL exceedances are
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in two general locations: one location is south of the Jacksonville Road and East Bristol Road"
intersection and the other location is in the area of York Road and W Street. Six residential wells with
PFOS levels that range from 0.102 to 0.109 pg/L (50% of the PHAL) are located at the
Jacksonville/East Bristol Roads intersection (ATSDR 2016).

The Navy and EPA provided a limited number of residents whose private well water was at or
above EPA's PHAL (with rounding up to one significant digit) with bottled water to use for drinking and
cooking water, and is currently working to connect these locations to public water (ATSDR 2016)

Using currently available water-distribution system information, ATSDR determined that for
“present day” conditions, the southwestern part of the Warminster system typically received water) that
did not contain PFOA. and PFOS concentrations. If any customers in this part of the system received
water containing PFOA and PFOS concentrations, it was at levels below the EPA LTHA. The
northwestern part of the Warminster system typically received water containing PFOA and PFOS
concentrations at or below the EPA LTHA. Some areas in the eastern parts of the Warminster system
received water containing PFOA and PFOS concentrations at levels up to three times the EPA LTHA,
and areas in the central part received water containing concentrations at level up to 15 times the EPA
LTHA. More detailed analyses of the system need to be conducted to estimate historical PFAS
concentrations at specific housing areas. These analyses would involve looking at the water-distribution
system operating conditions, historical monthly well pumping records, and customer consumption
information in more detail.

Although some WMA customers received the majority of their water from one of the
contaminated wells, the majority of water customers likely received water that either did not contajin
PFAS or had levels less than the PHALSs (but levels may be higher than the EPA LTHA for
PFOS/PFOA). If one assumes that all the wells supply a similar amount of water to the system (each
well typically supplied 5-10% of the water to the system), then the number of customers potential IE/
exposed to elevated PFAS in their drinking water could be approximately 7,000.

Warminster Municipal Authority (WMA) UCMR 2013-2014 data®

Well PFOS (pg/L) PFHxS (pg/L) PFOA (pg/L) PFNA (ug/L)
Well 2 0.06 0.03 0.03

Well 10 0.19 0.10 0.09 -

Well 13 0.16 0.09 0.12 -

Well 14 0.06 - 0.03 0.02 -

‘Well 15 0.06 0.04 0.02 -

Well 26 1.09 0.39 0.35

*Wells 2, 10, 13, 14, and 15 were sampled 11/19/2013; Well 26 was sampled 6/9/2014

Other drinking water contaminants

Samples taken in 1979 showed maximum levels of contamination in on-site supply wells oit‘ 36
ppb for PCE and 293 ppb for TCE. These wells were closed in 1979. Contamination levels in samples
taken from off-site municipal supply wells found 17 ppb for PCE and 67.8 ppb for TCE; past off-Hase
residents may have been exposed to these VOCs between 1974, when the well first began supplying
water, until it was closed in 1979. Sampling of VOCs in off-site private wells detected PCE at 31 ppb; as
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a result, affected homes were connected to municipal water supplies or groundwater treatment sys
were installed (ATSDR 2002b).

Because the TCE- and PCE-contaminated wells were shut down in 1979, military service
personnel and DOD civilian workers who began service/employment at NAWC after 1979 might

tems

De

eligible for a PFAS study. More information is needed to determine when the water supply may have

been contaminated with PFAS.

More detailed analyses will help determine which specific housing areas received water
containing PFOA and PFOS from the NASIRB and ARS at Willow Grove and the NAWC in
Warminster. To conduct more detailed analyses, including modeling, additional information and s
data pertinent to each water system’s operations needs to be obtained from site visits to the water
utilities.

105

pecific




Draft for Review Purposes — Do Not Cite or Quote

Appendix tables
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Table Al. Maximum levels (parts per billion) of combined PFHxS and PFOS from the US EPA’s Third Unregulated Contaminant
Monitoring Rule (UCMR-3)

Water Utility Name State  Size PFHxS & PFOS sum
Commonwealth Utilities Corp. (Saipan) MP L 8.60
Artesian Water Company DE L 2.48
Security WSD co L 1.89
Horsham Water & Sewer Authority PA L 1.59
Warminster Municipal Authority PA L 1.479
Oatman Water Company AZ S 1.03
Warrington Township Water & Sewer Department ' PA L 0.91047
Issaquah Water System ; WA L 0.841
Hyannis Water System MA L 0.7
Suffolk County Water Authority NY L 0.67
United Water PA PA I 0.572
Emerald Coast Utilities Authority FL I 0.56
GU Waterworks Authority - Northern System GU L . 0.55
Widefield WSD co L 0.54
Oakdale MN E 0.4913
City of Tucson AZ L 0.476
City of Cleveland Heights OH L 0.4
Sanford Water District ME L 0.4
Wright-Patterson AFB Area A/C OH L 0.36
Liberty Water LPSCO AZ L 0.33
Westfield Water Department _ MA L 033
City of Zephyrhills FL L. 0.32
Bemidji . MN L 0.32
City of Fountain co [ 0.29
City-of-Stuart-Water-Plant Fiz = 0:259
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Water Utility Name State  Size PFHxS & PFOS sum
City of Tempe AZ L 0.245
CA American Water Co. - Suburban CA L 0.241
City of Newburgh NY L 0.24
CA Water Service - Visalia CA L 0.212
Eastern Municipal Water District CA L 0.202
New Windsor Consolidated Water District NY E 0.1936
VAW Water System, Inc. AL L 0.18
Freeport IL L 0.18
La Crosse Waterworks Wi IL 0.172
Salt River Public Works 09" L 0.166
City of Martinsbhurg wv L 0.157
Dyer Water Department IN L 0.1437
Atlantic City MUA NJ L 0.142
West Morgan - East Lawrence Water Authority AL L 0.13
City of Greenshoro NC L 0.124
Rome GA L 0.12
Dover Water Department NH L 0.12
CA Water Service - Chico CA L 0.118
Moore County Public Utilities - Pinehurst NC L 0.118
Rhinelander Water & Wastewater Wi S 0.1173
Bayleaf Master NC L 0.11
City of Ocala FL L 0.104
NJ American Water Co. - Raritan NJ L 0.103
Mahwah Water Department NJ L 0.098
City of Abilene X L 0.09781
West Lawrence Water Co-op AL L 0.09
Hampton Bays Water District NY L 0.082
Fort Drum NY E 0.08

108




Draft for Review Purposes — Do Not Cite or Quote

Water Utility Name

City of Lathrop

Northeast Alabama Water System

City of Anaheim

Fair Lawn Water Department

City of Orange

Montebello Land & Water Company
Vienna

Chatsworth

Bethany

City of Pico Rivera Water Department
Camp Pendleton (South)

Montgomery County Water Services #2
Rainbow City Utilities Board

Florence Water-Wastewater Department
Plainfield Township

Pendieton County Water District #1/South
City of Miami Beach

Ridgewood Water

Woodbury

Montgomery County Water Services #1
CA Water Service - East Los Angeles
Town of Nashville

Metropolitan DWID

City of Downey Water Department

Pierre

Park Water Company - Bellflower/Norwalk
Washington Township MUA

SEQESR
&

CA
Wwv
GA
0K
CA
CA
OH
AL
AL
M

FL

MN
OH
CA
NC
AZ
CA
SD
CA
NJ

n
N
m

I_l'_l_'l_l_ml_l_l_I_I"U'.Il_'r_l_'l_'l_'l_'r"'l"l-l_l-l_l'_l_l_l.

PFHxS & PFOS sum

0.076
0.07
007
0.06603
0.0659
0.065
0.0641
0.06303
0.063
0.062
0.062
0.061
0.06
0.06
0.06
0.05853
0.058
0.058
0.0577
0.0542
0.054
0.05312
0.053
0.053
0.053
0.051
0.0503
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Water Utility Name State  Size PFHxS & PFOS sum
Colbert County Rural Water System AL L 0.05
Gadsden Waterworks & Sewer Board AL L 0.05
Southside Waterworks AL L 0.05
City of North Miami FL L 0.05
Kennebunk, Kennebunkport & Wells WD ME L 0.05
Bell Arthur Water Corp. NC S 0.05
City of Garden Grove CA L 0.0496
City of Lauderhill FL L 0.049
FKAA FL L 0.049
Yorba Linda Water District CA L 0.0474
City of Miramar FL L 0.047
Miami International Airport FL L 0.047
City of Corona CA L 0.046
Orchard Dale Water District CA L 0.045
Lima City Water OH L 0.045
Pico Water District CA L 0.044
Golden State Water Co. - Norwalk CA L 0.043
MDWASA - Main System FL L 0.043
Ann Arbor Ml L 0.043
City of Fullerton CA L 0.0412
Cliffdale West NC L 0.041
Central ASG AS L 0.04
City of DeFuniak Springs Water System FL L 0.04
Cottage Grove MN L 0.0381
City of Great Bend KS L 0.037
City of Pleasanton CA L 0.036
Sacramento Suburban Water District CA i 0.036
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Water Utility Name State = Size PFHxS & PFOS sum
Mashpee Water District MA L 0.033
Belvidere IL L 0.03167

L=large system (serves >10,000); S=small system (serves <10,000)

* Tribal nation located in Arizona
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NEWYORK | Department
jrromunme | of Health

* ANDREW M. CUOMO HOWARD A, ZUCKER, M.D., J.D.  SALLY DRESLIN, M.S., R.N,
Governor - Commissioner Executive Deputy Commissioner

August 24, 2017

Brenda Fitzgerald, M.D.

Director

Center for Disease Control and Prevention

Administrator, Agency for Toxic Substances and Disease Reglstry
US Department of Health & Human Services

1600 Clifton Road

Atlanta, Georgia 30329-4027

Dear Dr. Fitzgerald:

The presence of perfluoroalkyl substances (PFAS) in drinking water is a growing
national issue, with the number of affected water systems identified throughout the U.S.
increasing rapidly. As Health Commissioners and Directors in states that have identified PFAS,
including perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), in local water
systems, we request that ATSDR undertakes a longitudinal, national health effects study of
communities impacted by PFAS across the country.

Our state health departments, along with other states in the northeastern United States,
have been working to ‘address PFAS contamination since 2015, by minimizing exposure to
PFAS in drinking water and some states are offering blood testing for affected residents. These
efforts are supported by fact sheets, online tools and resources, and assistance with blood
testing from the Centers for Disease Control and Prevention's (CDC) National Center for
a*‘_;{gomr};r?ental Health (NCEH) and Agency for Toxic Substances and Disease Registry

ATSDR recently released a draft document, “Feasibility Assessment for Epidemiological
Studies at Pease International Tradeport in Portsmouth, New Hampshire,” documenting an
approach to appropriate follow-up health studies for children and adults as well as highlighting
population-size related issues that our states would be confronted with if we conducted these
studies individually.

Our communities are familiar to your staff — Hoosick Falls, Petersburgh, and Newburgh
in New York; Portsmouth, New Hampshire; North Bennington, Vermont; Warminster and Willow
Grove, Pennsylvania; Oscoda and Graying, Michigan. We welcome the opportunity to share
additional information about our affected populations as part of a national effort to develop a
plan to study health outcomes in multiple PFAS-affected communities.

Emplre State Plaza, Corning Tower, Albany, NY 12237 | heallh.ny.gov '



Through prior communication between the CDC, our departments, and Senators
Gillibrand and Schumer, we understand that ATSDR and NCEH are determining if a long-term
community health study would answer some questions about the health effects of exposure to
PFAS. This letter is our official request for ATSDR to move quickly to launch a longitudinal
study of health outcomes in communities affected by PFAS from legacy industrial sources and
from firefighting foams used by the military and others.

Sincerely

Howard %uw iy

Howard A. Zucker, MD, JD
Commissioner of Health

Jay Butler, MD
Director of Public Health
Alaska

Nick'Lyon

Director, Department of Health and Human Services

Michigan
e

Lisa Morris, MSSW

Director, Division of Public Health Service
New Hampshire

Rachel Levine, MD
Secretary of Health
Pennsylvania

s /,é

Mark A. Levine, MD
Commissioner of Health
Vermont



