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Disclaimer

This document is a public comment draft for review purposes only. This information is
distributed solely for the purpose of public comment. It has not been formally disseminated by
the U.S. Environmental Protection Agency. It does not represent and should not be construed to
represent any agency determination or policy. Mention of trade names or commercial products
does not constitute endorsement or recommendation for use.
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1 Background

1.1 National Primary Drinking Water Regulation for Per- and
Polyfluoroalkyl Substances under the Safe Drinking Water
Act

The U.S. Environmental Protection Agency (EPA) has initiated the process to develop a
Maximum Contaminant Level Goal (MCLG) and National Primary Drinking Water Regulation
(NPDWR) for per- and polyfluoroalkyl substances (PFAS), including perfluorooctane sulfonic
acid (PFOS), under the Safe Drinking Water Act (SDWA). As part of the proposed rulemaking,
EPA prepared Proposed Approaches to the Derivation of a Draft Maximum Contaminant Level
Goal for Perfluorooctane Sulfonic Acid (PFOS) (CASRN 1763-23-1) in Drinking Water that
described the derivation of oral cancer and noncancer toxicity values, a relative source
contribution (RSC), and cancer classification, which could be subsequently used to derive an
MCLG for PFOS. The agency sought peer review from the EPA Science Advisory Board (SAB)
on key scientific issues related to the development of the MCLG, including the systematic
review approach, oral toxicity values, RSC, and cancer classification.

The SAB provided draft recommendations on June 3, 2022 and final recommendations on
August 23, 2022 {U.S. EPA, 2022, 10476098}, and EPA addressed those recommendations into
the development of this updated assessment, Toxicity Assessment and Proposed Maximum
Contaminant Level Goal for Perfluorooctane Sulfonic Acid (PFOS) in Drinking Water, which
derives toxicity values and an MCLG for PFOS. To be responsive to the SAB recommendations,
EPA has, for example:

e updated and expanded the scope of the studies included in the assessment;

e expanded the systematic review steps beyond study quality evaluation to include evidence
integration to ensure consistent hazard decisions;

e separated hazard identification and dose-response assessment;

e added protocols for all steps of the systematic review and more transparently described the
protocols;

e evaluated alternative pharmacokinetic models and further validated the selected model;

e conducted additional dose-response analyses using additional studies and endpoints;

e evaluated and integrated mechanistic information;

¢ strengthened the weight of evidence for cancer and rationale for the cancer classification;

e strengthened the rationales for selection of points of departure for the noncancer health
outcomes; and

¢ clarified language related to the relative source contribution determination including the
relevance of drinking water exposures and the relationship between the reference dose
(RfD) and the relative source contribution.

1.2 Background on PFAS

PFAS are a large group of anthropogenic chemicals that share a common structure of a chain of
linked carbon and fluorine atoms. The PFAS group includes PFOS, perfluorooctanoic acid
(PFOA), and thousands of other chemicals. While the number of PFAS used globally in

11
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commercial products in 2021 was approximately 250 substances {Buck, 2021, 9640864}, the
universe of PFAS, including parent chemicals, metabolites, and degradants, is greater than
12,000 compounds (https://comptox.epa.gov/dashboard/chemical-lists/PEASMASTER). The
Organisation for Economic Co-operation and Development (OECD) New Comprehensive Global
Database of Per- and Polyfluoroalkyl Substances (PFASs), published in 2018, includes over
4,700 PFAS {OECD, 2018, 5099062}.

PFAS have been manufactured and used in a wide variety of industries around the world,
including in the United States since the 1950s. PFAS have strong, stable carbon-fluorine (C-F)
bonds, making them resistant to hydrolysis, photolysis, microbial degradation, and metabolism
{Ahrens, 2011, 2657780; Beach, 2006, 1290843; Buck, 2011, 4771046}. The chemical
structures of PFAS make them repel water and oil, remain chemically and thermally stable, and
exhibit surfactant properties. These properties make PFAS useful for commercial and industrial
applications and purposes and are also the properties that make many PFAS extremely persistent
in the human body and the environment {Calafat, 2007, 1290899; Calafat, 2019, 5381304;
Kwiatkowski, 2020, 7404231}. Due to their widespread use, physicochemical properties,
persistence, and bioaccumulation potential, many PFAS co-occur in exposure media (e.g., air,
water, ice, sediment) as well as in tissues and blood of aquatic and terrestrial organisms,
including humans.

Based on structure, there are many families or classes of PFAS, each containing many individual
structural homologues that can exist as either branched-chain or straight-chain isomers {Buck,
2011, 4771046}. These PFAS families can be divided into two primary categories: non-polymers
and polymers. The non-polymer PFAS include perfluoroalkyl acids (PFAAs), fluorotelomer-
based substances, and per- and polyfluoroalkyl ethers. PFOA and PFOS belong to the PFAA
family of the non-polymer PFAS category and are among the most researched PFAS in terms of
human health toxicity and biomonitoring studies (for review, see Podder et al. (2021, 9640865)).

1.3 Evaluation of PFOS Under SDWA

SDWA, as amended in 1996, requires EPA to publish a list every 5 years of unregulated
contaminants that are not subject to any current proposed or promulgated NPDWRs, are known
or anticipated to occur in public water systems (PWSs), and might require regulation under
SDWA. This list is known as the Contaminant Candidate List (CCL). PFOS is included on the
third CCL (CCL 3) {U.S. EPA, 2009, 1508321} and on the fourth CCL (CCL 4) {U.S. EPA,

2016, 6115068}.

After PFOS and PFOA were listed on the CCL 3 in 2009, EPA initiated development of health
effects support documents (HESDs) for PFOA and PFOS that provided information to federal,
state, tribal, and local officials and managers of drinking water systems charged with protecting
public health when these chemicals are present in drinking water {U.S. EPA, 2016, 3603365;
U.S. EPA, 2016, 3603279}. The two HESDs were peer-reviewed in 2014 and revised based on
consideration of peer reviewers’ comments, public comments, and additional studies published
through December 2015. The resulting 2016 Health Effects Support Document for
Perfluorooctane Sulfonic Acid (PFOS) {U.S. EPA, 2016, 3603365} described the assessment of
cancer and noncancer health effects and the derivation of a noncancer RfD that served as the
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basis for the non-regulatory 2016 Drinking Water Health Advisory for Perfluorooctane Sulfonic
Acid (PFOS) {U.S. EPA, 2016, 3982043}.

SDWA requires EPA to make regulatory determinations for at least five CCL contaminants
every 5 years. EPA must begin developing an NPDWR when the agency makes a determination
to regulate based on a finding that a contaminant meets all three of the following criteria:

e The contaminant may have an adverse effect on the health of persons.

e The contaminant is known to occur or there is substantial likelihood the contaminant will
occur in PWSs with a frequency and at levels of public health concern.

¢ In the sole judgment of the Administrator, regulating the contaminant presents a
meaningful opportunity for health risk reductions.

To make these determinations, the agency considers a range of information, including data to
analyze occurrence of these compounds in finished drinking water and data on health effects that
represent the latest science.

In the Final Regulatory Determinations for Contaminants on the Fourth Drinking Water
Contaminant Candidate List {U.S. EPA, 2021, 9640861}, the agency made a determination to
regulate PFOA and PFOS with an NPDWR. The agency concluded that all three criteria were
met—PFOA and PFOS may have adverse health effects; they occur in PWSs with a frequency
and at levels of public health concern; and, in the sole judgment of the Administrator, regulation
of PFOA and PFOS presents a meaningful opportunity for health risk reduction for persons
served by PWSs {U.S. EPA, 2021, 7487276}. As noted above in Section 1.1, EPA prepared
Proposed Approaches to the Derivation of a Draft Maximum Contaminant Level Goal for
Perfluorooctane Sulfonic Acid (PFOS) (CASRN 335-67-1) in Drinking Water as part of this
rulemaking.

In June 2022, EPA published an interim Drinking Water Health Advisory for PFOS {U.S. EPA,
2022, 10668548} to supersede the 2016 Drinking Water Health Advisory based on analyses of
more recent data described in the Proposed Approaches to the Derivation of a Draft Maximum
Contaminant Level Goal for Perfluorooctane Sulfonic Acid (PFOS) (CASRN 1763-23-1)in
Drinking Water, which showed that PFOS can impact human health at exposure levels much
lower than reflected by the 2016 Drinking Water Health Advisory {U.S. EPA, 2016, 3982043,;
U.S. EPA, 2022, 10668548}.

1.4 Purpose of this Document

Consistent with SDWA Section 1412(b)(3)(A) and (B), the primary purpose of this draft
document is to obtain public comment on EPA’s toxicity assessment and proposed MCLG for
PFOS by describing the best available science on health effects in order to derive an MCLG. To
derive an MCLG, the latest science is identified, described, and evaluated, and then a cancer
classification, toxicity values (i.e., a noncancer RfD and cancer slope factor (CSF)), and RSC for
PFOS are developed (Section 2.3). The draft cancer and noncancer toxicity values, cancer
classification, and RSC values derived in this assessment build upon the work described in the
Proposed Approaches to the Derivation of a Draft Maximum Contaminant Level Goal for
Perfluorooctane Sulfonic Acid (PFOS) (CASRN 1763-23-1) in Drinking Water, the 2016 PFOS
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HESD {U.S. EPA, 2016, 3603365}, and the previous 2016 Drinking Water Health Advisory
{U.S. EPA, 2016, 3982043}.

In addition to documenting EPA’s basis for the proposed MCLG, this document also serves the
following purposes:

Transparently describe and document the literature searches conducted and systematic
review methods used to identify health effects information (epidemiological and animal
toxicological studies and physiologically-based pharmacokinetic (PBPK) models) to
update the literature.

Describe and document screening methods, including the Populations, Exposures,
Comparators, and Outcomes (PECO) criteria and the process for tracking studies
throughout the literature screening.

Identify epidemiological (i.e., human) and animal toxicological literature that report health
effects after oral exposure to PFOS (and its associated salts), as outlined in the PECO
criteria.

Evaluate and document the available mechanistic information (including toxicokinetic
understanding) associated with PFOS exposure to inform the interpretation of findings
related to potential health effects in studies of humans and animals with focus on five
main health outcomes (developmental, hepatic, immune, and cardiovascular effects, and
cancer).

Describe and document the study quality evaluations conducted for epidemiological and
animal toxicological studies considered useful for point of departure (POD) derivation.
Describe and document the data from high and medium confidence epidemiological and
animal toxicological studies (as determined by study quality evaluations) that were
considered for POD derivation; in cases of health effects with few available studies, data
may be extracted from low confidence studies and used in the evidence syntheses. For
dose-response assessment, only high and medium confidence studies were used to
quantify health effects.

Synthesize and document the adverse health effects evidence across studies, assessing
health outcomes using a narrative approach. The assessment focuses on synthesizing the
available evidence for five main health outcomes—developmental, hepatic, immune, and
cardiovascular effects, and cancer—but also provides secondary syntheses for dermal,
endocrine, gastrointestinal, hematologic, metabolic, musculoskeletal, nervous, ocular,
renal, and respiratory effects; reproductive effects in males or females; and general
toxicity.

Develop and document strength of evidence judgments across studies (or subsets of
studies) separately for epidemiological and for animal toxicological lines of evidence and
integrate mechanistic analyses into judgments for the five main health outcomes.
Develop and document integrated expert judgments across lines of evidence (i.e.,
epidemiological or animal toxicological lines of evidence) as to whether and to what
extent the evidence supports that exposure to PFOS has the potential to be hazardous to
humans. The judgments will be directly informed by the evidence syntheses and based on
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structured review of an adapted set of considerations for causality first introduced by
Austin Bradford Hill {Hill, 1965, 71664}.

e Describe and document the dose-response analyses conducted on the studies identified for
POD derivation.

e Derive candidate RfDs and/or CSFs and select the RfD and/or CSF for PFOS and describe
the rationale.

e Determine PFOS’s cancer classification using a weight of evidence approach.

e Characterize hazards (e.g., uncertainties, data gaps).

1.5 Chemical Identity

PFOS is a PFAA that was used as an aqueous dispersion agent and emulsifier in a variety of
water-, oil-, and stain-repellent products (e.g., agricultural chemicals, alkaline cleaners, carpets,
firefighting foam, floor polish, textiles) {NLM, 2022, 10369707}. It can exist in linear- or
branched-chain isomeric form. PFOS is a strong acid that is generally present as the sulfonate
anion at typical environmental pH values. Therefore, this assessment applies to all isomers of
PFOS, as well as nonmetal salts of PFOS that would be expected to dissociate in aqueous
solutions of pH ranging from 4 to 9 (e.g., in the human body).

PFOS is stable in environmental media because it is resistant to environmental degradation
processes, such as biodegradation, photolysis, and hydrolysis. In water, no natural degradation
has been demonstrated, and it dissipates by advection, dispersion, and sorption to particulate
matter. PFOS has low volatility in its ionized form but can adsorb to particles and be deposited
on the ground and into water bodies. Because of its persistence, it can be transported long
distances in air or water, as evidenced by detections of PFOS in arctic media and biota, including
polar bears, ocean-going birds, and fish found in remote areas {Lindstrom, 2011, 1290802;
Smithwick, 2006, 1424802}.

Physical and chemical properties and other reference information for PFOS are provided in
Table 1-1. However, there is uncertainty in the estimation, measurement, and/or applicability of
certain physical/chemical properties of PFOS in drinking water, including the Koc {Li, 2018,
4238331; Nguyen, 2020, 7014622}, octanol-water partition coefficient (Kow), and Henry’s Law
Constant (Kn) {NCBI, 2022, 10411459; ATSDR, 2021, 9642134%}. For example, for Kow, the
Agency for Toxic Substances and Disease Registry (ATSDR) (2021, 9642134) reported that a
value could not be measured because PFOS is expected to form multiple layers in octanol/water
mixtures.

For a more detailed discussion related to the chemical and physical properties and environmental
fate of PFOS, please see the PFAS Occurrence & Contaminant Background Technical Support
Document {U.S. EPA, 2023, 10692764}, the 2016 PFOS Drinking Water Health Advisory {U.S.
EPA, 2016, 3982043}, and the Draft Aquatic Life Ambient Water Quality Criteria for
Perfluorooctane Sulfonate (PFOS) {U.S. EPA, 2022, 10668582}.
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Table 1-1. Chemical and Physical Properties of PFOS
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Property

PFOS, Acidic Form;
Experimental Average

Source

Chemical Abstracts Service Registry 1763-23-1

Number (CASRN)?
Chemical Abstracts Index Name

Synonyms

Chemical Formula
Molecular Weight
Color/Physical State
Boiling Point
Melting Point

Vapor Pressure
Henry’s Law Constant (Kn)

KOC

Log Kow
Solubility in Water

1,1,2,2,3,3,4,4,55,6,6,7,7,8,8,8-
heptadecafluoro-1-octanesulfonic acid
perfluorooctane sulfonic acid;
heptadecafluoro-1-octane sulfonic
acid; PFOS acid

CgHF1703S
500.13 g/mol
Liquid
249°C

> 400°C

0.002 mm Hg at 25°C
4.1E-04 atm-m?3/mol at 25°C

1,000 + 5.0 L/kg (mean of
values + 1 standard deviation of
selected values)

4.49

0.0032 mg/L at 25°C;

570 mg/L

NLM, 2022, 10369707

EPA CompTox Chemicals

Dashboard

NLM, 2022, 10369707

NLM, 2022, 10369707

NLM, 2022, 10369707

NLM, 2022, 10369707

ATSDR, 2021, 9642134 (potassium
salt)

NLM, 2022, 10369707 (estimated)
NLM, 2022, 10369707 (estimated
from vapor pressure and water
solubility)

Zareitalabad et al., 2013, 5080561
(converted from log Koc to Koc)

NLM, 2022, 10369707 (estimated)
NLM, 2022, 10369707 (estimated)
ATSDR, 2021, 9642134 (potassium
salt in pure water)

Notes: Koc = organic carbon-water partitioning coefficient; Kow = octanol-water partition coefficient.
2The CASRN given is for linear PFOS, but the toxicity studies are based on both linear and branched; thus, this assessment

applies to all isomers of PFOS.

1.6 Occurrence Summary

1.6.1

Biomonitoring

The U.S. Centers for Disease Control and Prevention (CDC) National Health and Nutrition
Examination Survey (NHANES) has measured blood serum concentrations of several PFAS in
the general U.S. population since 1999. PFOS and PFOA have been detected in up to 98% of
serum samples taken in biomonitoring studies that are representative of the U.S. general
population. Blood levels of PFOA and PFOS dropped 60% to 80% between 1999 and 2014,
presumably due to restrictions on their commercial usage in the United States. Most PFOS
production in the United States was voluntarily phased out by its primary manufacturer (3M)
between 2000 and 2002, and in 2002 and 2007 EPA took regulatory action under TSCA to
require that EPA be notified prior to any future domestic manufacture or importation of PFOS
and 270 related PFAS {U.S. EPA, 2016, 3982043}. Manufacturers have since shifted to
alternative short-chain PFAS, such as hexafluoropropylene oxide (HFPO) dimer acid and its
ammonium salt (two “GenX chemicals”). Additionally, other PFAS were found in human blood
samples from recent (2011-2016) NHANES surveys (e.g., perfluorodecanoic acid (PFDA),
perfluorododecanoic acid (PFDoDA), perfluoroheptanoic acid (PFHpA),
perfluorohexanesulfonate (PFHxS), perfluorononanoic acid (PFNA), and 2-(N-Methyl-
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perfluorooctane sulfonamido) acetic acid (Me-PFOSA-AcOH or MeFOSAA)). There is less
publicly available information on the occurrence and health effects of these replacement PFAS
than for PFOS, PFOA, and other members of the carboxylic acid and sulfonate PFAS categories.

1.6.2 Ambient Water

Among the PFAS with established analytical methods for detection, PFOS (along with PFOA) is
one of the dominant PFAS compounds detected in ambient water both in the U.S. and worldwide
{Ahrens, 2011, 2657780; Benskin, 2012, 1274133; Dinglasan-Panlilio, 2014, 2545254,
Nakayama, 2007, 2901973; Remucal, 2019, 5413103; Zareitalabad, 2013, 5080561}. Though it
has a history of wide usage and is highly persistent in aquatic environments, current information
on the distribution of PFOS in surface waters of the United States is somewhat limited; most
published PFOS ambient water occurrence data focuses on regions with known PFAS use or
occurrence. These regions are primarily freshwater systems in eastern states, including the
Mississippi River, Great Lakes, Cape Fear Drainage Basin, and waterbodies near Decatur,
Alabama and in northern Georgia {Jarvis, 2021, 9416544}. Additional monitoring has been
conducted in areas of known aqueous film forming foam (AFFF) use.

In a recent review, Jarvis et al. (2021, 9416544) found that concentrations of PFOS in global
surface waters ranged over eight orders of magnitude, generally in pg/L to ng/L concentrations,
but sometimes reaching pg/L levels (range: 0.074-8,970,000 ng/L, arithmetic mean:

786.77 ng/L, geometric mean: 5.468 ng/L, median: 3.6 ng/L). Though these calculated
concentrations are not necessarily representative of all the measured PFOS concentrations in
U.S. surface waters, the majority of PFOS concentrations reported (approximately 91%) are less
than 300 ng/L.

1.6.3 Drinking Water

Ingestion of drinking water is a potentially significant source of exposure to PFOS. Serum PFOS
concentrations are known to be elevated among individuals living in communities with drinking
water contaminated from environmental discharges.

Data from the third Unregulated Contaminant Monitoring Rule (UCMR 3) are currently the best
available nationally representative finished water occurrence information for PFOS {U.S. EPA,
2017, 9419085; U.S. EPA, 2021, 7487276; U.S. EPA, 2023, 10692764}. UCMR 3 monitoring
occurred recently (bet