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On behalf of the Natural Resources Defense Council (NRDC), we appreciate this opportunity to
submit comments on EPA’s Draft Toxicological Review for Perfluorohexanesulfonic Acid
(PFHxS) and Related Salts.! We have reviewed and commented on the scientific and technical
aspects of many federal and state level PFAS risk assessments including the EPA’s
assessments of PFOA, PFOS, GenX, PFBS, PFBA, PFHxA, PFDA, ATSDR’s toxicological
profile for perfluoroalkyls, and state assessments in CA, IL, ME, NH, NY, VT, and WA. In
addition, we are the founders and co-creators of the PFAS-Tox Database (available at
www.PFASToxDatabase.org), a systematic evidence map of the health and toxicological
research available for 29 PFAS, including PFHxS.2 To date, the publicly available, interactive
PFAS-Tox Database contains 1,068 peer reviewed studies retrieved from PubMed Database
(literature search last updated January 25, 2021).

PFHXxS is part of the massive family of synthetic per- and polyfluoroalkyl substances (PFAS).
US EPA’s CompTox program now lists over 14,000 PFAS structures.® PFAS are characterized
by incredible durability, which manifests as extreme persistence in the environment. The PFAS
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chemicals that have been well-studied show potent toxicity to internal organs, lipid metabolism,
as well as the immune and endocrine systems.*

PFHxS exposure is widespread, likely in part due to its historic use in aqueous film forming
foams for firefighting. PFHxS is one of the most frequently detected PFAS in biomonitoring
studies, with studies reporting 299% detection frequencies.® The EPA recently sought input on
potentially listing PFHxS as a hazardous substance under CERCLA, highlighting the importance
of this toxicological review.® The EPA also recently sought input on regulating PFHxS in drinking
water using a hazard index approach in which the additive effects of PFHxS, PFNA, GenX and
PFBS were acknowledged.” The health based water concentration for the proposed drinking
water regulation for PFHxS was based on the minimum risk level calculated by ATSDR.2 We
argue here that the EPA has conducted a much more thorough and transparent review of the
PFHXS health and toxicological data than was previously conducted by ATSDR, supporting the
need for a stricter reference dose as reflected in this draft Toxicological Review.

Given the number of people exposed to PFAS, their persistence in the environment, and the
public concern about them, it is critical that this toxicological review provides the information
necessary to guide regulators and communities in their efforts to protect themselves. In these
comments we outline areas where the EPA has taken steps in the right direction as well as
areas that need to be strengthened. We recognize the importance of this assessment and that
communities exposed to these chemicals are eager for the EPA to complete this toxicological
review. We strongly urge the EPA to finalize this toxicological assessment as quickly as
possible. In its finalization of this assessment, please consider the following comments provided
here. Furthermore, as EPA continues to work on PFAS, we urge EPA to take concrete steps
towards accounting for cumulative risks that may occur from coexposure to additional PFAS, as
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is often the case in real-world exposure scenarios - where people are exposed to PFAS
mixtures.

Overall, this assessment is transparent and follows best practices

We applaud the EPA for the use of transparent systematic review practices in the development
of this draft toxicological review. Systematic review has long been used to inform evidence-
based choices about health interventions in clinical settings. Though the application of
systematic review to questions in environmental health is still relatively new by comparison, the
Integrated Risk Information System (IRIS) program at the EPA has been steadily implementing
systematic review practices since receiving feedback in 2011 from the National Academies of
Sciences, Engineering, and Medicine suggesting the need for programmatic reform.®

In particular, we support the use of the study confidence rating, which is in line with best
practices for assessing risk of bias and closely aligns to the methods used by the National
Toxicology Program’s Office of Health Assessment and Translation (OHAT).'® Importantly, the
PECO (populations, exposures, comparators and outcomes) statement clearly outlines the
criteria for inclusion and exclusion of studies in the assessment. We also support the
transparent GRADE-like methods used for evidence integration in the draft PFHxS assessment.
Finally, we appreciate the display of extracted PFHxS data in HAWC, which made it very easy
to evaluate the statements made in the draft PFHxS toxicological review. We also appreciate
that the EPA has made available the complete study list within HAWC so that it is possible to
understand and evaluate decisions made to include, exclude, or mark as supplemental
individual studies.

The decisions that lead to EPA’s choice of critical studies and endpoints for a quantitative
assessment of health risks were clearly presented and well supported. Therefore, based on the
available information, we support the conclusions reached by the EPA that the evidence
evaluated within the toxicological review supports the conclusions that PFHXS likely causes
thyroid and developmental immune effects. We further support the conclusion that early life
represents a susceptible life stage for the effects of PFHxS exposure.

In particular, we support the EPA’s evidence integration conclusions regarding the
immunotoxicity of PFHxS. The EPA determined there is moderate evidence for immune system
effects based on epidemiological studies that evaluate antibody levels in response to vaccines.
This evidence of immunosuppression is corroborated by additional studies that find a higher rate
of infectious diseases with increasing PFHxS exposure. We support the EPA’s conclusion on
this endpoint and disagree with critiques on this topic that have recently been published, which
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question the biological significance of a decreased antibody response.’! To require data directly
linking PFHxXS exposure to both altered vaccine response and increased rates of those vaccine-
controlled diseases would be unreasonable given the widespread uptake of vaccines and other
public health measures that keep disease like tetanus and diphtheria at a minimum.

We also support EPA’s decision to calculate and present multiple candidate organ specific
reference doses (0sRfD) based on several identified critical endpoints from medium and high
confidence studies. Our analysis of reference dose derivation for PFAS across multiple
agencies highlights that simply choosing the lowest human equivalent dose (“HED”) to derive a
RfD does not necessarily guarantee that the RfD will protect against all health effects. A less
sensitive HED could reasonably result in a lower RfD due to differences in study design and
overall application of uncertainty. The IRIS PFAS assessments, including this assessment of
PFHXS, are transparent and follow best practices in calculating osRfDs for multiple identified
health effects.

Though we largely support the conclusions reached by the EPA, we also believe the risks of
exposure to PFHxXS is an underestimate, as this analysis does not account for cumulative
exposure to multiple PFAS. We appreciate that the EPA has previously highlighted the utility of
deriving organ/system-specific values as “the osRfDs can be useful for subsequent cumulative
risk assessments.”'? However, the EPA ultimately falls short of making use of these values,
despite that similar values have already been derived by the EPA for other PFAS, such as
PFOA, PFOS, GenX, PFBS, PFBA, PFHxA, and PFDA. Americans most at risk of exposure to
PFHxS will generally have greater than typical exposures to other legacy PFAS chemicals as
well. The available data suggests that PFHxS impacts the same body systems as other PFAS.
Given this, the EPA should include a section on PFAS cumulative risks.

Suggested improvements

1. EPA’s draft toxicological assessment for PFHxS may be missing relevant
health studies.

In Section 2.1 Lines 6-8, EPA indicates that there are 446 studies meeting the PECO criteria,
specifically 415 epidemiological studies and 20 animal studies.’ This is consistent with the
information presented in Figure 2-1. However, the text immediately following in Section 2.2.
Lines 1-6 states that there are 117 epidemiological studies and 8 animal studies meeting the
PECO criteria. There is no indication as to why these values are so different, but we suspect
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that the information presented in Section 2.2. likely is outdated and or reflects a typographical
error. HAWC, for example, indicates that 20 animal studies were included (though we note that
the study by Chang et al. is probably a double entry with HAWC IDs of 100518054 and
101366633)."* We come to this conclusion because there are animal studies listed in HAWC as
included, but are not subsequently listed in Section 2.2 Lines 1-6, yet these studies are cited
later in the document in Evidence Synthesis and Integration summaries in Section 3. We also
note there are other studies listed in Section 2.2 that are not provided in the HAWC list of
included studies.'® We hope that these are, in fact, typographical errors and that EPA has not
improperly and without justification excluded more than half of the evidence base from further
discussion. We look forward to further clarification on this important issue.
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In addition, we have additional concerns about studies that may have been erroneously
excluded from the analysis either by excluding studies at the title and abstract level or by
marking studies as “supplemental”. These concerns stem from our comparison of studies that
were listed as “included” in HAWC'” with studies that are currently available in the PFAS-Tox
Database. '® The PFAS-Tox Database was built using literature searches and a PECO
statement similar to that used by EPA'®. The PFAS-Tox Database currently indicates there are
578 studies that evaluate a health or toxicological endpoints for PFHxS (literature search
through January 2021); specifically, there are 449 human studies, 59 animal studies, and 71 in
vitro studies.

We have included an attachment with a listing of the human studies that were included in the
PFAS-Tox Database but were not tagged as included in HAWC (Worksheet labeled “PFASTox
Studies Not Included” in the attachment). The attachment contains a brief summary of the
endpoints that are relevant to human health (column S). We encourage peer reviewers to also
review this attachment, specifically noting if there are any studies that would be of importance to
the health effects that they are charged with reviewing in detail. We agree that some of the
studies that were included in the PFAS-Tox Database may be out of the scope of the EPA’s
analysis (for example if the only noted health effect is body mass index (BMI)). However,
reviewers may be particularly interested in studies that EPA marked as supplemental, and we
suggest they be checked to see whether they contain additional information on health outcomes
relevant to this assessment.

We did identify one study that appeared to be marked as included by EPA, but did not have an
evidence stream tag (i.e. human) applied to it, and it was therefore missing from the list of
included studies we downloaded from HAWC.?° We discuss below other studies that may
warrant additional review, either because they were marked as excluded at TIAB level or
because EPA marked them as supplemental:
¢ An epidemiological study by Mogensen et al. (2015) that appears to have information on
PFHxS and vaccine-related antibody response?’'
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e An epidemiological study by Wen et al. (2019) that evaluates the association between
cord plasma PFHxS and atopic dermatitis, an immune relevant endpoint??

* An experimental rodent study that investigated endpoints relevant to behavioral
outcomes?

e Two experimental rodent studies relevant to mechanistic hepatic effects?

e Four in vitro studies have endpoints that should be evaluated for their relevance to the
carcinogenicity study (DNA damage, generation of reactive oxygen species)?®

Additionally, a study by Buttenhoff et al. (2009), which was included by EPA, was left out of
Section 3.2.2. on page 133 where animal evidence for immunotoxicity is discussed. This study
describes a >28 day exposure in rats the measurement of immune relevant organs (spleen,
thymus, bone marrow, lymph nodes)?® and discussion of this paper should be added to the
immune effects section.
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2. EPA’s draft toxicological assessment for PFHxS could be
strengthened by considering additional supplemental studies.

We encourage EPA to make use of (i.e. summarizing) relevant supplemental evidence, in
particular animal studies that are observational or use non-mammalian species.

o In Section 3.2.1 Thyroid Effects, specifically on page 104, we suggest considering
additional supplemental studies that pertain to PFHxS binding to thyroid hormone
transport proteins?’ or thyroid hormone T3 receptor.?®

¢ In Section 3.2.1 Thyroid Effects, specifically on page 108 where evidence integration is
discussed, EPA notes a significant data gap in that there is a lack of studies evaluating
“brain development and bone growth during early childhood and adolescence.” We note
that one study®® excluded at TIAB and three studies marked as supplemental*® may
provide additional mechanistic information relative to this data gap.

¢ In Section 3.2.2 Immune Effects, specifically on page 137 where mechanistic and
supplemental studies are discussed, the EPA ignores a body of evidence that has
investigated immune relevant endpoints in species beyond rats and mice, for example in
observational studies of cats, striped bass, birds, and dolphins3' and has missed a
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include a discussion of mammary gland function in the review of female reproductive health
(Section 3.2.8).

Conclusions

In conclusion, we urge the agency to incorporate our feedback to strengthen its final
toxicological review of PFHxS and to finalize this profile in a timely manner.

Respectfully submitted,
v/
Katherine Pelch, PhD

Scientist
Natural Resources Defense Council

Attachment: Please see “NRDC_Attachment_PFHxS.xIsx”
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