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1.0 INTRODUCTION
This report documents the results of an external independent peer review of the U.S. Environmental
Protection Agency’s (EPA’s) draft “IRIS Toxicological Review of Perfluorobutanoic Acid (PFBA) and Related
Salts.” ERG, a contractor to EPA, organized this review and developed this report. The peer review included
a virtual meeting that was open to the public as observers and included an opportunity for oral public
comment (in addition to opportunity for the public to submit written comments to EPA via the PFBA
docket).
Section 1.0 provides background about the review. Section 2.0 provides a high-level summary of key
reviewer final comments. Section 3.0 presents reviewer final individual post-meeting comments. In Section
3.0, reviewer final comments are organized by charge question and presented exactly as submitted, without
editing or correction of typographical errors (if any). Appendices A, B, and C, respectively, provide the list of
reviewers, EPA’s charge to reviewers, and the peer review meeting agenda.

1.1 Background
During late 2021 and early 2022, ERG organized and managed an external peer review of EPA’s draft “IRIS
Toxicological Review of Perfluorobutanoic Acid (PFBA) and Related Salts,” developed in support of the
Agency’s online database, the Integrated Risk Information System (IRIS). IRIS assessments contain
information about chemicals that encompasses hazard identification and dose-response assessment, two of
the four steps in the human health risk assessment process. When used by risk managers in combination
with information on human exposure and other considerations, IRIS assessments support the Agency’s
regulatory activities and decisions to protect public health. There is no existing IRIS assessment for PFBA.
EPA’s draft Toxicological Review of PFBA is based on a comprehensive review of the available scientific
literature on the noncancer and cancer health effects in humans and experimental animals exposed to PFBA
or related salts.

1.2 Peer Review Process
During the first stage of the peer review process, ERG assembled a set of experts interested in serving as
reviewers, who collectively spanned three key areas of expertise relevant to this and four other related peer
reviews: environmental epidemiology, experimental toxicology, and the use of quantitative methods (e.g.,
dose-response modeling, PBPK model development) important for the derivation of toxicity values in human
health assessments of environmental chemicals. To identify candidates, ERG used standard search processes
and considered experts nominated by the public in response to a Federal Register Notice (FRN) requesting
nominations. After considering comments on these candidates submitted by members of the public in
response to a second FRN, ERG assembled a final pool of 20 experts from which to select reviewers for this
and the four other related peer reviews. For this PFBA review, ERG selected the following seven experts
after confirming they had no conflict of interest for this review:
•
•
•
•
•
•

Elaine M. Faustman, Ph.D., DABT (Panel Chair)
Jeffrey W. Fisher, Ph.D.
Joseph T. Haney, Jr., M.S.
Alan M. Hoberman, Ph.D., DABT
Panagiotis G. Georgopoulos, Ph.D.
David A. Savitz, Ph.D.
1
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• R. Thomas Zoeller, Ph.D.
See Appendix A for a more detailed list of reviewers.
ERG provided reviewers with the draft PFBA toxicological review document and with EPA’s charge to
reviewers (Appendix B), which asked reviewers to address each of the 11 questions and multiple sub
questions and to categorize their advice to EPA into three tiers:
•

Tier 1: Recommendations – Key major recommendations necessary for strengthening the scientific
basis for the Toxicological Review of PFBA.

•

Tier 2: Suggestions – Recommendations that are encouraged to strengthen the scientific analyses
and conclusions in the Toxicological Review of PFBA.

•

Tier 3: Future Considerations – Scientific exploration that might inform future work.

For their consideration, ERG also provided reviewers with written public comments submitted to EPA’s
docket for this review and with a table developed by EPA that listed published literature identified (1) during
EPA literature search updates after release of the draft PFBA toxicological review for public comment or (2)
identified in public comments received through the EPA docket.
Working individually, each reviewer prepared written pre-meeting comments in response to the charge
questions, and ERG compiled and distributed these preliminary comments to all reviewers a few days prior
to the peer review meeting to help them prepare for discussions at the meeting.
ERG organized and facilitated a virtual peer review meeting, which took place via Zoom.gov on February 22
and 23, 2022. The meeting was open to members of the public to attend as observers and provided an
opportunity for members of the public to make an oral comment. During this meeting, reviewers discussed
and commented on EPA’s draft PFBA Toxicological Review, with discussion structured by EPA’s charge
questions. Appendix C provides the meeting agenda. After the meeting, reviewers prepared their individual
final post-meeting comments (see Section 3.0) and ERG prepared a high-level summary (Section 2.0) of the
key comments that reviewers had categorized into the three tiers described in EPA’s charge (Appendix B).

2.0 SUMMARY OF KEY REVIEWER COMMENTS BY CHARGE QUESTION
This section summarizes the key comments that reviewers categorized into the three tiers described in EPA’s
charge (Appendix B). Comments are summarized by charge question (with EPA charge questions shown in
italic font, for reference) and by tier. For the full text of all review post-meeting comments and for additional
details on many of the comments summarized here, see Section 3.0.

2.1 Systematic Review Documentation
Charge Question 1. The Toxicological Review describes and applies a systematic review process for
identifying and screening pertinent studies that is described in detail in Section 1.2.1 (Literature Search and
Screening) and Appendix A (Systematic Review Protocol for the PFBA, PFHxA, PFHxS, PFNA, and PFDA IRIS
Assessments). Please comment on whether the search strategy and screening criteria for PFBA are
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appropriate and clearly described. Please identify additional peer-reviewed studies of PFBA that the
assessment should incorporate 1.
All reviewers agreed that the literature search was well done, noting that it was comprehensive and that the
methods used were appropriate and clearly described. They also stressed how challenging it is to conduct a
thorough literature search in such a rapidly evolving field, where information may be out of date in a matter
of months or even weeks.

Tier 1 Recommendations
•

Faustman recommended that EPA clarify when and how papers identified from the related
systematic reviews for the other PFAS compounds were included in the PFBA toxicological review.
She suggested EPA could provide this clarification by adding a small section and/or a table
describing how the health effects text in the PFBA report was similar or was supported by the
application of information from the review of related PFAS compounds. Similarly, as a Tier 2
suggestion, Savitz suggested adding an introductory preview on how EPA is approaching PFBA in
relation to other forms of PFAS that have been much more extensively studied.

•

Hoberman recommended that EPA update the literature search and Fisher made the same
comment as a Tier 2 suggestion. In general (although not Tier 1 recommendations), reviewers
suggested updates and provided citations for numerous recent peer-reviewed studies for EPA’s
consideration.

•

To improve access to the studies identified, Georgopoulos recommended that EPA (1) develop a
simple table explicitly listing all the in vitro, in silico, or nonmammalian model "supplemental
material" studies that were considered and selected, and (2) develop a simple table listing all the
studies that were considered but not selected, that also briefly identifies the reasons for rejecting
each of these studies.

•

Georgopoulos recommended the EPA incorporate the Weatherly et al. (2021) study before finalizing
the Toxicological Review.

Tier 2 Suggestions
•

See first and second bullets in Tier 1, above.

•

As an enhancement to the added table recommended in the third Tier 1 bullet, incorporate columns
(a) summarizing qualitatively the confidence (low, medium, high) associated with the information
presented in each study, and (b) listing potential outcomes associated with the "supplemental
material" studies. (Georgopoulos)

•

Add a statement about what kind of information would be required to change the overall
analysis/conclusions, with a clearer description of when updates will be made. (Zoeller)

Newly identified studies (i.e., studies identified by EPA or the public that meet PECO criteria but were not addressed
in the external review draft, for example due to recent publication) will be characterized by EPA and presented to the
peer review panel. This characterization will focus on EPA’s judgment of whether the studies would have a material
impact on the conclusions (i.e., identified hazards or toxicity values) in the external review draft. The peer review panel
is asked to review EPA’s characterization and provide tiered recommendations to EPA regarding which studies, if any,
to incorporate into the assessment before finalizing.

1
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•

Because the conclusions all rest on some form of animal-to-human extrapolation, provide a brief
discussion of what is known (and not known) to help inform that extrapolation. (Savitz)

•

Add a section that discusses available information on PFBA’s potential immunomodulation
(immunosuppression) effects. (Georgopoulos)

•

PFAS information submitted to IRIS should be available to all EPA programs and vice versa. (Fisher)

Charge Question 2. The Toxicological Review describes the results of the evaluations of individual studies in
Section 2.2 (Study Evaluation Results) and presents and analyzes the findings from those studies deemed
informative in the relevant health effect-specific synthesis sections.
a) Please comment on whether the study confidence conclusions for the PFBA studies are scientifically
justified, giving appropriate consideration to important methodological features of the assessed
outcomes. Please specify any study confidence conclusions that are not justified and explain any
alternative study evaluation decisions.
b) Results from individual PFBA studies are presented and synthesized in the health system-specific
sections. Please comment on whether the presentation and analysis of study results is clear,
appropriate, and effective to allow for scientifically supported syntheses of the findings across sets of
studies.
Reviewers agreed that the confidence conclusions were scientifically justified, and that Section 2.2 was well
done. Reviewers noted that the scientific justification presented was clear and effective, and found that the
interactive visualizations provided a convenient overview. Savitz also found it very beneficial that EPA
presented the logic for giving more or less attention to particular studies and specific outcomes.

Tier 1 Recommendations
•

Reviewers had no key Tier 1 recommendations.

Tier 2 Suggestions
•

Fisher noted that the comparison of effects in males and females is a common theme in the
document and sometimes tentatively related to the pharmacokinetic differences of PFBA in females
(more rapid clearance) than males (slower clearance). He suggested selecting an administered dose
in males that is nearly equivalent to females based on pharmacokinetic dose metrics and compare
toxicity outcomes, as it may provide a clearer picture of the role that pharmacokinetics plays in
toxicity in male and female lab animals.

•

Fisher noted that it was unclear how the study confidence conclusions were determined, other than
professional judgement and suggested that the chapter could be improved by writing more about
the overall confidence conclusions.

•

To help make the document more transparent and user-friendly, Savitz suggested that in addition to
the information provided in the HAWC table, EPA add text that briefly notes the nature of the
epidemiological studies in general and provides a sentence or two about each—for example, a short
synopsis of what was done, key methodologic limitations, and overall assignment regarding its
quality.

4
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2.2 Hazard Identification—Hepatic Effects
Charge Question 3. For each health effect considered in the assessment and outlined below, please comment
on whether the available data have been clearly and appropriately synthesized to describe the strengths and
limitations. For each, please also comment on whether the weight-of-evidence decisions for hazard
identification have been clearly described and scientifically justified.
b) For hepatic effects, the Toxicological Review concludes that the available evidence indicates PFBA
exposure is likely to cause hepatic effects in humans given relevant exposure circumstances, on the
basis of a series of short-term, subchronic, and developmental studies in rats and mice
demonstrating consistent and coherent effects with a clear biological gradient. Although the
available mechanistic information indicates the effects in rodents are relevant to humans, some
uncertainty remains regarding potential differences in sensitivity across species due to evidence for
the involvement of both PPARα-dependent and PPARα-independent pathways in these effects (see
Charge Question 4 requesting input specific to this latter uncertainty).
Charge Question 4. Appendix A (Systematic Review Protocol for the PFBA PFHxA, PFHxS, PFNA, and PFDA
IRIS Assessments) identifies the human relevance of hepatic effects in animals that involve peroxisome
proliferator-activated receptor alpha (PPARα) receptors as a key science issue. 2 To the extent supported by
the PFBA literature (and to a lesser extent, literature for other PFAS), the Toxicological Review evaluates the
evidence relevant to the potential involvement of PPARα and non-PPARα pathways with respect to the
reported hepatic effects. The Toxicological Review ultimately concludes evidence from in vivo and in vitro
studies support that multiple modes of action (MOA) are operant in the induction of hepatic effects by PFBA
exposure and the relative contribution of these different MOAs cannot be concluded with confidence from
the available data. Please comment on whether the available animal and mechanistic studies support this
conclusion and whether the analysis presented in the Toxicological Review is clearly documented.
All reviewers agreed that the PFBA document clearly and appropriately synthesizes available data to
describe the strengths and limitations of hepatic effects. Faustman commented that “The evidence
integration section is well done and supported by a great summary in Table 3-8.” All reviewers also found
the document supported the conclusion that MOAs are operant in the induction of hepatic effects by PFBA
exposures, and the relative contribution of these different MOAs cannot be concluded with confidence.
Faustman commented that “EPA did a great job in describing the complications” of the data, and another
stated that “the available animal and mechanistic studies are clearly documented, and the conclusion is
supported.”

Tier 1 Recommendations
•

Reviewers had no key Tier 1 recommendations.

The PFAS Systematic Review Protocol identifies five key science questions: (1) possible toxicokinetic differences across
species and sexes, (2) the human relevance of effects in animals that involve PPARα activation, (3) potential
confounding by other PFAS exposures in epidemiology studies, (4) the toxicological relevance of changes in certain
urinary and hepatic endpoints in rodents, and (5) characterizing uncertainty due to missing chemical-specific data).
Three of the questions are most pertinent to the Toxicological Review of PFBA. Key science question 1 is addressed in
Charge Questions 9.a and 9.b, Key science question 2 is addressed in Charge Questions 3.b and 4, and Key science
question 4 is addressed in Charge Question 6.c.

2
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Tier 2 Suggestions
•

Haney suggested that EPA consider adding tables and/or figures that would help readers visualize
important EPA conclusions, such as coherence of liver histopathology with liver weight effects (cited
in Table 3-8), since these results are only presented in separate tables within the document (i.e.,
Table 3-7/Figure 3-6 for histopathology and Table 3-6/Figure 3-5 for liver weight changes).

•

Haney noted that incoherent observations for serum biomarkers of altered liver function or injury
appear as a factor that decreases certainty in Table 3-8 (p. 3-40), which he suggests EPA clarify in the
text.

•

Hoberman suggested EPA should use caution when extrapolating PPARα rodent studies to humans.

•

Savitz suggested that EPA (1) address the absence of evidence that PFBA affects liver enzymes (ALT,
etc.) because that is the one human health endpoint that has consistently been found to be
associated with other forms of PFAS, and (2) describe whether that contrast between an absence of
an effect for PFBA in rodents and an apparent effect for PFOA and PFOS for humans has relevance to
the final judgment.

•

Savitz suggested that, because the entire report rests on animal-to-human extrapolation,
mechanisms in animals known not to apply to humans should be explained and factored into the
report where they exist.

•

Haney suggested that EPA explicitly state the meaning of “consistent effects” in the sentence: “The
available animal evidence for effects on the liver includes multiple high and medium confidence
studies with consistent effects across multiple species, sexes, exposure durations, and study
designs…”. He noted that the phrase could have several meanings and different readers can/will
interpret it differently.

2.3 Hazard Identification—Other Effects
Charge Question 3. For each health effect considered in the assessment and outlined below, please comment
on whether the available data have been clearly and appropriately synthesized to describe the strengths and
limitations. For each, please also comment on whether the weight-of-evidence decisions for hazard
identification have been clearly described and scientifically justified.

Thyroid Effects
a) For thyroid effects, the Toxicological Review concludes that the available evidence indicates PFBA
exposure is likely to cause thyroid toxicity in humans given relevant exposure circumstances,
primarily on the basis of short-term and subchronic studies in male rats reporting a consistent and
coherent pattern of thyroid effects following PFBA exposure, but also drawing from the consistency
of effects when considering evidence from structurally related PFAS. The Toxicological Review
concludes the thyroid effects are considered relevant to humans in the absence of evidence to
suggest otherwise.
Six of the seven reviewers found the conclusions for thyroid effects to be clearly described and scientifically
justified. For example, Georgopoulos wrote: “The data leading to the conclusion that the thyroid effects are
considered relevant to humans were appropriately synthesized and their strengths and limitations were
adequately described; the weight-of-evidence decisions for hazard identification have been adequately
6
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described and justified.” The seventh reviewer (Fisher) commented that there was a “lack of clarity on
human exposures”.

Tier 1 Recommendation
•

Fisher recommended placing the following information in a table: lab animal and human citations
and data that show connections between a percent decrease in serum T4 and adverse outcome. He
noted that, “This argument needs to be solid and presenting data will help.”

Tier 2 Suggestions
•

Commenting that the thyroid findings in rats (a signal) are relevant to humans but proposing how to
relate rat thyroid effects to humans in a quantitative manner (dose-response) is the challenge,
Fisher suggested a brief discussion on this topic would be useful.

•

Zoeller suggested that EPA consider (1) evaluating the issue of the TSH assay using the reagents
characterized in the Butenhoff studies; and (2) rather than emphasizing the comparison with
“hypothyroxinemia” (a clinical term that doesn’t translate perfectly to animal studies), describe the
situation as one in which serum T4 is low and TSH levels have increased.

•

Zoeller suggested that EPA incorporate all measured endpoints of thyroid hormone action in the
analysis. He provided additional detail and numerous references to consider—see Zoeller’s
comments under Charge Question 3a.

•

Zoeller suggested that EPA consider documenting more fully the sensitivity of the human brain to
thyroid hormone insufficiency. While this would not alter the choice of study and endpoints for an
RfD derivation, it may strengthen the support for this choice.

•

Zoeller suggested that EPA consider a broader context of PFBA impacts on the thyroid system as
revealed in the data published by Butenhoff et al. (2012) and as illustrated by the broader literature.

Developmental Effects
c) For developmental effects, the Toxicological Review concludes that the available evidence indicates
PFBA exposure is likely to cause developmental effects in humans given relevant exposure
circumstances, on the basis of a coherent pattern of delays in acquisition of three different
developmental milestones in a single study in mice, with the findings presumed relevant to humans
in the absence of evidence to suggest otherwise. The assessment discusses similar effects observed
for structurally related PFAS.
Most reviewers agreed that the available data were clearly and appropriately synthesized and concurred
with EPA’s conclusion. Haney commented that “in several but not all ways” the available data on
developmental effects were clearly and appropriately synthesized to describe the strengths and limitations
but noted that the document lacked a discussion of “relevant mechanistic information or information on the
conserved biological processes causing the developmental effects observed in mice to be considered
relevant to humans.” He noted that such discussions “would inevitably lead to a more complete and
transparent description of the strengths and limitations of the available data relevant to developmental
effects.”

7
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Tier 1 Recommendations
•

To more fully and clearly support applicability of the weight-of-evidence decision, Haney
recommended that EPA add information supporting human relevance to the assessment (e.g., the
Evidence Integration Summary, currently pp. 3-45 and 3-46) for the specific critical effect(s) serving
as the basis for the subchronic reference dose (RfD).

•

Hoberman recommended that EPA reference developmental toxicity effects with other PFAS in a
chart and/or link (e.g., to Lau et al 2004 and 2006) to improve clarity on the other data available.

•

Faustman recommended emphasizing the statement on significant data gaps (Page 3-45, lines 28 to
34).

Tier 2 Suggestion
•

Savitz commented that while the rationale is well-explained, the tone of the report implies notably
weaker support for developmental effects than for thyroid or hepatic effects. He suggested further
explanation of why, despite the relatively weak support, it ended up in the same level as the other
effects.

•

Fisher suggested that EPA opine on a thyroid-mediated MOA in the young based on evidence in
adult rats (thyroid historloy and serum T4 decreases in adult rats).

Reproductive and Other Noncancer Effects
d) For reproductive effects and other noncancer effects (i.e., cardiometabolic effects, renal effects,
ocular effects, body weight), the Toxicological Review concludes there is inadequate evidence to
determine whether PFBA exposure has the potential to cause these effects in humans on the basis of
the sparsity of available evidence.
All reviewers concurred with EPA’s conclusion that there is insufficient evidence to determine if PFBA can
cause reproductive or other noncancer effects.

Tier 1 Recommendations
•

Reviewers had no Tier 1 recommendations.

Tier 2 Suggestions
•

Haney suggested that EPA consider including supporting mechanistic evidence or supplemental
information for reproductive and other noncancer effects for a fuller description of the strength and
limitations of the available information for reproductive and noncancer effects.

•

A recent study by Ou et al. (Ou et al., 2021) indicates that some PFAS may increase the risk of heart
defects. Given that the last literature review appears to be 2018, Zoeller suggested that the Agency
re-visit this conclusion.

Tier 3 Future Considerations
•

Hoberman noted that additional studies may prove valuable for the reproductive and other
noncancer endpoints.

8
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2.4 Noncancer Toxicity Values Data Selection
Charge Question 6. For PFBA, no RfC was derived. The Butenhoff et al. (2012) 90-day rat study was the study
chosen for use in deriving the RfD on the basis of an increased incidence of hepatocellular hyperplasia and
decreased total T4 in male rats. Is the selection of this study and these effects for use in deriving the RfD for
PFBA scientifically justified?
a) If so, please provide an explanation.
b) If not, please provide an alternative study(ies) or effect(s) that should be used to support the
derivation of the RfD and detail the rationale for use of such an alternative.
c) As part of the recommendations in “a” or “b” above, please comment on whether the effects
selected are appropriate for use in deriving the RfD, including considerations regarding adversity (or
appropriateness in representing an adverse change) and the scientific support for their selection.
More specifically, Appendix A identifies interpreting the adversity of certain outcomes observed in
rodents, including some hepatic effects, as a key science issue. Please consider in your
recommendation the narrative in the Toxicological Review related to the decision that the observed
hepatocellular hypertrophy, when considered within the broader constellation of effects, is
representative of an adverse change in the organ.
d) Given the lack of studies on inhalation exposure to PFBA, no reference concentration (RfC) is derived.
Please comment on this decision.
All reviewers concurred: (1) with the selection of the Butenhoff et al. (2012) study as scientifically justified
for derivation of an RfD for PFBA; (2) that the critical effects selected were appropriate for use in deriving
the RfD; and (3) that the decision to not derive a reference concentration (RfC) was justified, given the lack
of studies on inhalation exposures to PFBA.

Tier 1 Recommendations
•

Faustman recommended adding a discussion of other carcinogenicity studies across the structurally
related perfluorinated compounds to Section 5.2.

Tier 2 Suggestion
•

Regarding Charge 6c, Hoberman suggested that, as with any evaluation, the conclusion should be
reached by an integrative weight of evidence approach.

•

Hoberman suggested EPA should use caution when extrapolating PPARα rodent studies to humans.

Tier 3 Future Considerations
•

Hoberman noted that inhalation studies may be appropriate for future consideration.

Charge Question 7. In addition, for PFBA, an RfD for less-than-lifetime (“subchronic”) exposures is derived.
No “subchronic” RfC was derived. The study chosen for use in deriving the subchronic RfD is the gestational
exposure mouse study by Das et al. (2008) with the RfD based on delayed acquisition of developmental
milestones, as indicated by delayed time to vaginal opening, eye opening, and preputial separation in
exposed male and female offspring. Is the selection of this study and these effects for the derivation of the
subchronic RfD for PFBA scientifically justified?
9
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a) If so, please provide an explanation.
All reviewers concurred that selection of the Das et al. (2008) study is scientifically justified for derivation of
the subchronic RfD. Haney noted that a subchronic RfD based on developmental effects resulting from a
shorter exposure duration “will provide a useful risk assessment complement to the chronic RfD, furthering
risk assessment and risk communication.”
Haney commented that the document lacks a discussions of “the conserved biological processes between
mice and humans that the EPA considers relevant to the observed developmental effects (e.g., for delayed
vaginal opening and preputial separation), whether the mouse has been shown to be a good laboratory
animal model for assessing potential human developmental effects, or what human developmental
endpoints (e.g., delayed onset of puberty) may be presumed to be correlates of some of the PFBA-induced
developmental effects observed in the single mouse study (e.g., delays in vaginal opening and preputial
separation in Das et al. 2008).” He also noted that in regard to adversity considerations, additional
discussion of delayed preputial separation is needed for a more complete scientific justification.
b) If not, please provide an alternative study(ies) or effect(s) that should be used to support the
derivation of the subchronic RfD and detail the rationale for use of such an alternative.
None of the reviewers identified alternative studies.
c) As part of the recommendations in “a” or “b” above, please comment on whether the effects
selected are appropriate for use in deriving the RfD, including considerations regarding adversity (or
appropriateness in representing an adverse change) and the scientific support for their selection.
Most reviewers concurred that the selection of effects were justified for derivation of the RfD, although
Haney commented that EPA should consider improving the scientific justification to the extent possible for
certain effects.
Faustman questioned why the percentage of total reabsorbed litters was not evaluated as a subchronic RfD,
and why the cumulative endpoint of total affected implants was not reported or evaluated. Haney noted
that “there is relevant information presented in the document to scientifically support the adversity of
certain candidate critical developmental effects, but not necessarily the critical effect ultimately selected for
determination of the proposed subchronic RfD value.”
d) Given the lack of studies on inhalation exposure to PFBA, no “subchronic” RfC is derived. Please
comment on this decision.
All reviewers concurred that the decision to not derive a subchronic RfC was justified.

Tier 1 Recommendations
•

Faustman made several Tier 1 recommendations:
o

Add a paragraph stating how inclusion of the delay in eye opening endpoint would change
or not change the RfD.

o

Add a paragraph discussing further several of the decisions to not look at the endpoint of all
affected, why the Rai and Van Ryzin model was not used, and discuss the importance of
looking at this cumulative endpoint. This paragraph should discuss whether these
suggestions would have changed the calculation of the sub chronic RfD.
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Expand the discussion of what the lack of a functional reproductive or neurodevelopmental
assessment means for the application of the current uncertainty factors in this incomplete
toxicological assessment package.

Haney also made several Tier 1 recommendations:
o Haney noted that while information contained within the document provides information to
justify use of certain observed developmental effects in mice for derivation of the
subchronic RfD (e.g., delays in eye opening), he recommended that EPA consider improving
scientific justification (e.g., expanded to other developmental effects) to the extent possible.
o

Haney noted that while the effects discussed in the document provide candidate subchronic
RfD values similar to that selected for the proposed final subchronic RfD, delays in vaginal
opening observed in Das et al. (2008) apparently provides the most specific basis for that
value (Table 5-10, p. 5-24), the adversity of which he recommended be more fully addressed
in the document.

o

To more fully and clearly describe the relevant scientific bases for the weight-of-evidence
decision and subchronic RfD, Haney recommended: 1) expanding the human relevance
discussion on developmental effects to concentrate on the critical effect(s) serving as the
bases for the subchronic RfD; and 2) adding this information to the Evidence Integration
Summary (currently pp. 3-45 and 3-46).

Tier 2 Suggestions
•

Reviewers had no Tier 2 suggestions.

Tier 3 Future Considerations
•

Hoberman noted that future work on functional deficits that may be occurring from exposure to
PFAS would be useful.

2.5 Noncancer Toxicity Values Derivation
Charge Question 8. EPA used benchmark dose modeling (USEPA, 2012) to identify points-of-departure
(PODs) for oral exposure to PFBA. Are the modeling approaches used, selection and justification of
benchmark response levels, and the selected models used to identify each POD for toxicity value derivation
scientifically justified?
The reviewers who responded this charge question supported the modeling approach used and the
justification provided, with some reviewers noting enthusiastic support for the approach. Haney supported
the modeling approaches, model selection process, and benchmark response levels used, but provided two
Tier 2 recommendations to strengthen this section. Several reviewers noted that benchmark dose modeling
is not their area of expertise and declined to comment.

Tier 1 Recommendations
•

Reviewers had no Tier 1 recommendations.
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Tier 2 Suggestions
•

Haney suggested that EPA seek to strengthen the benchmark response (BMR) justification for
vaginal opening delays beyond historical precedence (to the extent possible) given that it is
ultimately the critical effect used in determining the value of the proposed final subchronic RfD.

•

Haney also suggested that EPA consider using results from the viable alternative logistic model
(Table D-16), which has the same Akaike’s information criterion value and p-value as the selected
Weibull model, a similar BMD10 value, but a BMDL10 value that appears to better agree with the
actual study data.

Tier 3 Future Considerations
•

Compare the POD estimates contained in the current draft of the document with estimates
calculated using the Bayesian continuous models in Benchmark Dose Software (BMDS) 3.2.
(Georgopoulos)

Charge Question 9. Appendix A identifies the potential for toxicokinetic differences across species and sexes
as a key science issue and lays out a hierarchy for using relevant toxicokinetic data in extrapolating doses
between laboratory animals and humans. Given what is known and not known about the potential
interspecies differences in toxicokinetics of PFBA, EPA used the ratio of human-to-animal serum clearance
values to adjust the POD to estimate a human equivalent dose in the derivation of the respective RfDs.
a) Is applying the ratio of human-to-animal serum clearance values for PFBA scientifically justified? If
not, please provide an explanation and detail on a more appropriate approach.
The reviewers concurred that the application of the ratio of human-to-animal serum clearance values for
PFBA was scientifically justified. Georgopoulos commented that applying the ratio is a more appropriate
choice than scaling doses allometrically using body weight (BW)3/4 methods. Fisher recommended another
approach (noted below as a Tier 1 recommendation) to help justify or strengthen the animal-to-human
extrapolation. During reviewer discussions, he also commented that the explanation of how the clearance
value of 4.95 was derived could be improved.
b) Do the methods used to derive toxicity values for PFBA appropriately account for uncertainties in
evaluating the toxicokinetic differences between the experimental animal data and humans?
Reviewers found that the methods used to derive toxicity values for PFBA appropriately accounted for
uncertainties in evaluating the toxicokinetic differences between experimental animal data and humans.
Faustman concurred except for one area noted during reviewer discussions. She pointed out that, during
pregnancy, pregnancy-related kinetic changes can include changes in the amount of serum-binding proteins
and the Vd. Faustman noted that there was minimal discussion in the PFBA document on how PFBA
exposures during this life stage might affect PFBA toxicokinetics and in particular how these changes might
affect extrapolated toxicokinetic parameters across the various studies (i.e., for gestational exposure
periods).

Tier 1 Recommendations
•

Fisher recommended EPA evaluate the use of glomerular filtration rate (GFR) as a clearance
mechanism for use in extrapolation across species and for life stage extrapolations.
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Georgopoulos recommended that the sections on PFBA toxicokinetics on pages 5-7 to 5-10 should
discuss and clarify the consistency of linearity assumptions with the presence of saturation
processes.

Tier 2 Suggestions
•

EPA could consider using dosimetrically adjusted doses rather than just a ratio of the clearance
values to see if such calculations would make significant differences. (Faustman)

•

The Chang et al. (2008) occupational exposure data provide important insights into PFBA
pharmacokinetic behavior. While these data are not sufficiently robust for calculating
pharmacokinetic parameters, EPA uses a half-life that is sufficiently long to encompass most adults
from the study. Fisher suggested showing how the half-lives were determined with the data and the
logic for selecting a specific value.

•

Savitz suggested adding an explanation of how the steady-state exposure to humans bears on the
evaluation.

Tier 3 Future Considerations
•

Faustman commented that there is a lack of cited kinetic data on half-lives of excretion, especially
for 28- or 90-day exposures. She noted that future reports could respond to this consideration by
frequently updating and examining other existing data sets across the five structurally related PFAS
compounds to determine if additional data has been published that could be relevant and could
inform this PFBA case.

Charge Question 10. EPA has evaluated and applied where appropriate uncertainty factors to account for
intraspecies variability (UFH), interspecies differences (UFA), database limitations (UFD), duration (UFS), and
LOAEL-to-NOAEL extrapolation (UFL) for PFBA.
a) Has uncertainty been adequately accounted for in the derivation of the toxicity values? Please
describe and provide suggestions, if needed.
Most reviewers commented that uncertainty was adequately accounted for in the derivation of the toxicity
values. Zoeller noted that EPA “accounted for UFA regarding toxicokinetics, but not in terms of extrapolating
between animals and humans with respect to thyroid-toxicity and development. Because the Agency
concludes that PFBA reduces serum T4 and that the delay in eye opening observed by Das et al. (2008), it
would seem to follow that an additional UFA account for interspecies differences in these developmental
effects.”
b) For uncertainty in interspecies differences (UFA), a value of 3 is applied to extrapolate between
effects in laboratory animals and in humans. Although PPARα dependence might support a value of
UFA = 1 if that were the sole mode of action, evidence for non-PPARα MOAs is available in the PFBA
(and larger PFAS) database. Thus, uncertainty remains regarding the potential differences in
sensitivity across species due to the involvement of both PPARα-dependent and PPARα-independent
mechanisms. Further, data are lacking to determine with confidence the relative contribution of
these competing MOAs. As such, the Toxicological Review concludes the available data are not
adequate to determine if humans are likely to be equally or less sensitive than laboratory animals
with respect to the observed hepatic effects and that a value of UFA=3 is warranted to account for
the residual uncertainty in toxicodynamic differences across species. Please comment on whether the
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available animal and mechanistic studies support this conclusion and whether the analysis presented
in the Toxicological Review is clearly documented.
Reviewers concurred that the information presented, and the discussion of the points considered, called for
a UFA greater than 1. Some reviewers provided additional comments, possibly supporting a value of 10:
•

Faustman noted that many factors, including co-exposures to structurally related perfluorinated
compounds that are not being considered in the extrapolation to humans, compound the “kinetic”
considerations of the UFA, where the question possibly should not be 3 or 1 but rather 3 or 10. She
hoped that, as the reviews across the additional perfluorinated compounds are completed, EPA will
review whether additional information on these key endpoints, mechanisms, kinetics, and coexposures may have an additional impact on this part of the risk characterization.

•

Zoeller commented that the “observation that PFBA acts through the human PPARα in mice
(Foreman et al., 2009) and that PFBA binds directly to human PPARα (Khazaee et al., 2021) clearly
demonstrates that PFBA is a PPARα ligand in humans. The uncertainty then is related both to at
least toxicokinetics and the different abundance of PPARα in sensitive tissues. Receptor abundance
is at least as importance as ligand concentration in defining efficacy (e.g., [Charlton, 2009]). The
combination of this uncertainty further supports a UFA of 10.”

Haney, however, commented that a higher UFA value is not justified as the default value of 3 is applicable in
instances such as this where TK adjustments have been performed and data to support a more chemicalspecific TD adjustment are lacking.
c) For uncertainty in extrapolating from subchronic to chronic exposure scenarios (UFS), a default value
of 10 is applied. The assessment concludes there is conflicting evidence on whether effects manifest
at lower exposure levels or are more severe at equivalent exposure levels when comparing findings
across short-term and subchronic exposure durations. Thus, to account for the potential for some
effects to worsen with longer durations of exposure (subchronic vs. short-term) and the lack of data
on whether effects from subchronic exposures might worsen in a chronic exposure scenario, a
UFS=10 is applied in the Toxicological Review. Does the provided scientific rationale support this
decision? Please explain.
Most reviewers agreed with the application of a UFS of 10. Haney commented that a UFS value of 10 may
not be justified for liver weight and thyroid hormone measures where there was no apparent increased
sensitivity with longer exposure duration. Fisher noted that since “PFBA does not accumulate over months
or years, an UF of 3 seems sufficient, but 10 may be useful as proposed based on a lack of toxicology data.”
d) To inform uncertainty in intraspecies variability (UFH), the assessment evaluates and considers the
available evidence on potential susceptibility to PFBA within different populations or lifestages,
including any potential human health impacts from early life exposure. Are the available information
and data appropriately considered and the resultant UFH values scientifically justified and clearly
described?
Reviewers concurred that the available evidence on potential susceptibility to PFBA across species as various
ages was appropriately considered and the resultant UFH values were scientifically justified.
e) Does the provided scientific rationale support the application of the remaining uncertainty factors
(UFL, UFD)? Please explain.
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Several reviewers did not provide a response to Charge Question 10e. Hoberman commented that the
scientific rationales used to support the application of the uncertainty factors appears appropriate when
using a conservative approach. Haney noted that the “total UF for the chronic RfD is already sufficiently
conservative to account for database uncertainties and a higher UFD is not justified or needed.”

Tier 1 Recommendations
•

Reviewers had no Tier 1 recommendations.

Tier 2 Suggestions
•

Georgopoulos suggested that the selection of a value of 3 for UFA be evaluated and considered as an
alternative to a value of 10 (rather than a value of 1) as current understanding of interspecies
differences in PFAS toxicokinetics and toxicodynamics has very significant gaps.

•

Haney noted that although using the same UFS value for all endpoints is convenient, a value of 10
may not be adequately documented as scientifically justified for liver weight and thyroid hormone
measures. Therefore, he suggested that EPA consider additional justification for these endpoints
and/or perhaps hepatic endpoint-specific UFS values.

•

Zoeller provided several points in his comments on animal to human extrapolations with respect to
thyroid toxicity and development. He suggested that EPA consider increasing the UFA from 3 to 10 if
his arguments are compelling.

2.6 Cancer Hazard and Toxicity Value(s)
Charge Question 5. The draft assessment concludes there is inadequate evidence to assess carcinogenic
potential for PFBA and that this descriptor applies to oral and inhalation routes of human exposure. Please
comment on whether the available animal and mechanistic studies, and the analysis presented in the
Toxicological Review, support this conclusion.
All reviewers concurred with EPA’s conclusion that there is inadequate evidence to assess carcinogenic
potential for PFBA for either oral or oral inhalation exposure. Zoeller noted that the “evidence that PFBA is
carcinogenic is sparse and continues to be sparse according to a recent review of PFAS and cancer
(Steenland and Winquist, 2021).”

Tier 1 Recommendation
•

Faustman commented that unlike the other sections with limited data, no discussion was included in
the carcinogenicity section about how other studies of PFBA-related compounds could or could not
inform the data gaps for carcinogenicity or genotoxicity. She recommended that EPA should include
a short section to address this missing component in a manner similar to the other sections of the
report.

Tier 2 Suggestions
•

Reviewers had no Tier 2 suggestions.

Charge Question 11. Given the conclusion there was inadequate evidence to assess carcinogenic potential
for PFBA (Charge Question 5), the Toxicological Review does not derive quantitative estimates for cancer
effects for oral or inhalation exposures. Is this decision scientifically justified?
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All reviewers concurred with the decision to not derive quantitative estimates for cancer effects due to
inadequate evidence to assess carcinogenic potential for PFBA. Additionally, Haney commented that “no
robust scientific foundation has been laid, critically reviewed and broadly accepted by the scientific
community for the use of any surrogate PFAS with carcinogenicity data (e.g., PFOA) for this purpose.”
Reviewers had no Tier 1 recommendations or Tier 2 suggestions.

Tier 3 Future Considerations
•

Faustman commented that guidance or boundary values are sometimes needed in public health. As
a future consideration, she asked if this could be accomplished by providing a boundary estimate
like the PPRTV for inhalation exposures.

3.0 REVIEWER RESPONSE TO CHARGE QUESTIONS
3.1

The Toxicological Review describes and applies a systematic review process for identifying
and screening pertinent studies that is described in detail in Section 1.2.1 (Literature
Search and Screening) and Appendix A (Systematic Review Protocol for the PFBA, PFHxA,
PFHxS, PFNA, and PFDA IRIS Assessments). Please comment on whether the search
strategy and screening criteria for PFBA are appropriate and clearly described. Please
identify additional peer-reviewed studies of PFBA that the assessment should
incorporate 1.
Reviewer

Faustman

Comments
In Section 1.2.1 this reviewer found the details of the literature search and screening to
be appropriate and detailed so that the methods used were understandable, consistent
with internationally recognizable systematic procedures and appeared to be applied in a
reproduceable manner for the PFBA literature. It also was the systematic review
protocol used across 5 structurally related PFAS compounds listed on Page 1-1 Line 5-6
and listed in Appendix A. Throughout the document, it was easy to track what PFBA
studies were identified to address specific endpoints, the confidence levels assigned to
various studies and PECO criteria established for these reviews. The listed references
matched studies that were used and discussed in the report and the confidence levels
assigned to the identified studies was clear and transparent.
Tier 1 recommended revisions include clarification of when and how papers identified
from the related systematic reviews for the other PFAS compounds are included in the
toxicological review for PFBA. Such clarifications could include:
•

Clarification of how papers from the related SRs for other PFAS are included in
this PFBA report

Newly identified studies (i.e., studies identified by EPA or the public that meet PECO criteria but were not addressed
in the external review draft, for example due to recent publication) will be characterized by EPA and presented to the
peer review panel. This characterization will focus on EPA’s judgment of whether the studies would have a material
impact on the conclusions (i.e., identified hazards or toxicity values) in the external review draft. The peer review panel
is asked to review EPA’s characterization and provide tiered recommendations to EPA regarding which studies, if any,
to incorporate into the assessment before finalizing.

1
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•

Adding a small section to inform reviewers about the process, including how
updates might occur and or

•

Adding a final table of how this larger body of references may impact the
various (PFBA) reports that have already been reviewed.

Addressing the above Tier 1 recommended revisions would provide clarity on how the
health effects text in the PFBA report was similar or was supported by the application of
information from the review of the related PFAS compounds. This is especially important
as many new publications may appear during the time that all of these structurally
related Perflorinated compounds are reviewed. Please add this recommended
explanation and perhaps consider a final table of how this larger body of references may
impact the various reports that have already been reviewed. Again, not a large
undertaking but one which would help provide clarity, transparency and integration.
Following submission of these peer reviewed comments US EPA provided additional
clarification on the “Compilation of studies submitted during public comment PFBA
21022.pdf”. This was helpful to the committee as it also summarized USEPA’s
characterization of the new refences relevant for the PFBA report and in most cases
concluded that the additional information would not change their assessment
characterization. This reviewer agrees with the characterization of these 15 additional
references. Several additional editorial level suggestions are listed below. These require
clarification and would be listed primarily as edits and explanatory in nature.
Page I-6 Lines 21-23 The report mentions that updates will take place on the IRIS
document before release. It would be great if a few more details on this process were
provided. For example, EPA should provide some details on how significant studies
identified in the proposed updated systematic review will be incorporated. Will
additional updates occur on this report after our review?
Page 1-9 Footnote: “8Given the known importance of ADME data, this supplemental
tagging was used as the starting point for a separate screening and review of
toxicokinetic data (see Appendix A, Section 9.2 for details).”
Reviewer asks EPA to clarify what is meant by this statement which seems to only apply
to one of the bulleted lists of items above (lines 9 to 17 on page I-9).
Page 1-1 Lines 1 to 12 Where is there an explanation of how the other Perfluorinated
compounds and their identified databases are listed will be incorporated into this review
of PFBA? If so some reference to this on page 1.1 would be helpful.
Clarification: Table B-3. Example DistillerSR form questions to be used for title/abstractlevel and full text-level screening for literature search updates from 2019 Page B-6
Reviewer noted that in Column 7 the health outcomes list has reference to something
like “Growth (early life) and development”. Does “early life” include intrauterine
development from implantation to birth? Later reproductive outcomes are listed? Are
their gaps in what is covered between these two terms referring to potentially
overlapping assessment outcomes? Please clarify.
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This reviewer supports the inclusion of the other references that the review team has
identified in their reviews.
Fisher

The methodology for systematic review has been reviewed via the public in 2019 and
updated. The methodology appears to be comprehensive. The search is out of date by
the time of this review, as expected, and should be undertaken again PFAS information
submitted to IRIS should be available to all EPA programs and vise versa (Tier 2
Suggestion). While I have never done a systemic review, the idea of having a structured
approach for acceptability of publications and the topics of interest are important
advancements in the 21st century given the number of journals and secondary sources of
information.
The PECO element Exposures incorrectly suggests that the 6:2fluorotelomer is
metabolized two analytes, when in fact, it is many. Please correct (Tier 2 Suggestion).
(Kabadi SV, Fisher J, Aungst J, Rice P. Internal exposure-based pharmacokinetic
evaluation of potential for biopersistence of 6:2 fluorotelomer alcohol (FTOH) and its
metabolites. Food Chem Toxicol. 2018 Feb;112:375-382. doi: 10.1016/j.fct.2018.01.012.
Epub 2018 Jan 11. PMID: 29331735).

Georgopoulos

First, it should be recognized that the review process for identifying and screening
pertinent studies for this Toxicological Review is inherently challenging: On one hand,
historically, the number of both laboratory and epidemiological studies focusing on PFBA
has been limited; on the other hand, it should be reasonably expected that the wide
recognition of potential health impacts of PFAS exposures, combined with the increasing
interest in short-chain compounds as alternatives to legacy PFAS, will result in a much
increased "publication rate" of new studies. This may require an eventual reassessment
and updating of this Toxicological Review in a shorter than typical timeframe. It should
also be taken into account that real-world exposures to PFBA are typically taking place as
co-exposures to mixtures of PFAS, and that PFBA most probably shares multiple AOPs
(Adverse Outcome Pathways) with other PFAS; these facts will continue to pose
challenges in the interpretation and evaluation of epidemiological studies. Furthermore,
screening of PFBA studies will also need to take under consideration concerns regarding
available (past and current) analytical methods for short-chain PFAS, and to address and
evaluate potential contradictions between published studies. As an example, the recent
study of Abraham et al. (2021), that is listed below, questioned the widely quoted
findings of the study by Perez et al. (2013) regarding high accumulation of PFBA in
human lung and kidney tissues, as well as the related immunosuppression hypothesis in
the study of Grandjean et al. (2020), also listed below, regarding the association
between PFBA plasma levels and the severity of COVID-19 outcomes.
An open and flexible framework is therefore necessary for identifying and systematically
organizing and screening PFBA-related studies with respect to both the methods used (in
vitro, in silico, in vivo, etc.) and the toxicity (or, in general, bioactivity) endpoints
considered. In vitro and in silico studies may not have the same weight as animal
(rodent) and epidemiological studies, but they can provide mechanistic insights, both for
hypothesis development and for animal study evaluation. As an example, the study of
Khaaze et al. (2021), also listed below, reports on the strong binding affinity of PFBA to
PPAR-delta, providing supporting evidence regarding PFBA bioactivity. A note in Table 118
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3 (page 1-8) states that "Other in vitro, in silico, or nonmammalian models will be
tracked as potential supplemental material." It is not clear if studies belonging to
"supplemental material" (or, at least, the lists of such studies), as well as the lists of
epidemiological or animal studies that were screened and are not included in the
Toxicological Review are (or will become) publicly available. While the search strategy
and screening criteria for PFBA, described in the Toxicological Review, are generally
appropriate and apply to the 17 (or 16?) selected studies, their application to the entire
range of literature considered cannot be easily assessed and evaluated unless one can
see what criteria were applied to the studies that were not selected. In fact, clarity is
needed regarding how the ~2,350 references available under PFBA in HERO
(https://hero.epa.gov/hero/index.cfm/project/page/search/true/isws/false/project_id/2
632/) correspond to the numbers of literature sources listed in Figure 2-1 (titled
"Literature search and screening flow diagram for perfluorobutanoic acid (PFBA)" on
page 2-2 of the draft assessment. For example, regarding the numbers of the literature
sources, Figure 2-1 lists n=58 under “Full-Text Screening”, of which n=28 were
“Excluded” and n=18 were “Studies Meeting PECO” while (presumably) the remaining
(58-28-18=12) must be (?) included in the n=25 studies “Tagged as Supplemental.”
Searching HERO to figure out which studies were actually the ones tagged and included
in the supplemental category raises more questions: For example, Figure 2-1 lists under
Supplemental studies “mechanistic or MOA (n=8), ADME (n=4), […] in silico or modeling
(=0)…” while a simple HERO search (on the PFBA page) using these terms, brings up 22
references for mechanistic, 6 references for MOA, 6 references for ADME, and 49
references for in silico. A search for some specific in vitro studies – including well-known
pre-2019 studies (references provided in the list that follows the text of this comment)
that present MOA/ADME-relevant information, produces ambiguous results. For
example, the study of Chen & Guo (2009) is included in the 2,350 HERO references for
PFBA, but is not included in the 6 references that come up when one searches
HERO/PFBA for ADME. As another example, the study of Jones et al. (2003) does not
appear to be included in the 2,350 HERO/PFBA references; though the information it
provides (i.e. PFBA binding to non-mammalian serum proteins) may not strictly meet
PECO criteria, it is more directly relevant to the concerns of this assessment than many
of the 2,350 PFBA references in HERO. It should be also noted that the assessment
explicitly identifies (on pages 3-30 and 3-31) five in vitro studies (that evaluated
PPARalpha activation) but it is not clear where each of all the 25 Supplemental studies
identified in Figure 2-1 has been utilized.
The above comments provide the rationale for the following recommendations and
suggestions:
Tier 1 Revision: Develop a simple table explicitly listing all the in vitro, in silico, or
nonmammalian model "supplemental material" studies that were considered and
selected (and will be tracked for this Toxicological Review).
Tier 2 Suggestion: “Enhance” the table described in the Tier 1 Revision recommendation
above, by incorporating columns (a) summarizing qualitatively the confidence (low,
medium, high) associated with the information presented in each study and (b) listing
potential outcomes associated with the "supplemental material" (in vitro, in silico, or
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nonmammalian model) studies (e.g., in vitro or in silico studies of binding with serum
proteins or with renal transporters are relevant to ADME and toxicokinetic modeling).
Tier 1 Revision: Develop a simple table listing all the studies that were considered but
not selected, that also briefly identifies the reasons for rejecting each of these studies.
Tier 1 Revision: Provide (online) easy ("user-friendly") access to the list of studies that
were not selected, with the specific "rejection criteria” for each study.
As an example of a potential way to address the above recommendations, the EPA could
consider developing (for the “older” studies) a table similar to the one provided to
support the “characterization of newly identified studies for the draft IRIS Toxicological
Review of Perfluorobutanoic Acid (PFBA) and Related Salts” in the document
“Compilation of Studies Submitted During Public Comment - PFBA 21022” (Document ID
EPA-HQ-ORD-2020-0675-0022, Tracking Number kzs-oyny-it9b available at
https://www.regulations.gov/docket/EPA-HQ-ORD-2020-0675/document ).
Tier 2 Suggestion: Add a section that discusses available information on potential
immunomodulation (immunosuppression) effects of PFBA. Existing studies most
probably cannot support derivation of relevant reference values, but compilation and
evaluation of the available information can provide an initial framework for addressing
this challenge in future revisions.
The following is a list peer-reviewed studies (the last one is actually currently under
review) that the current version of this Toxicological Review should, at least, consider,
citing:
Human Studies
Abraham et al. (2021). Perfluorobutanoic acid (PFBA): No high-level accumulation in
human lung and kidney tissue. International Journal of Hygiene and Environmental
Health, 237, 113830.
Notes: The study questions the validity of the high median levels of PFBA in human lung
and kidney autopsy samples, reported the article of Pérez et al. (2013). The authors
analyzed PFBA in a set of 7 lung and 9 kidney samples from tumor patients using highresolution mass spectrometry and found human sample with a quantifiable amount of
PFBA (peak area more than twice above the analytical background signals) in only one
human sample (lung tissue).
Grandjean, et al. (2020). Severity of COVID-19 at elevated exposure to perfluorinated
alkylates. PLoS One, 15(12), e0244815.
Notes: The study obtained (from Danish biobanks) plasma samples from 323 subjects
aged 30–70 years with known SARS-CoV-2 infection and measured concentrations of
selected PFAS. Ordered logistic regression was used to determine associations between
PFAS concentrations and disease outcome. The study did not find associations to plasma
concentrations of PFOS, PFOA, and PFHxS, but did find an odds ratio of 1.6 of increased
COVID severity in individuals with detectable concentrations of PFBA.
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Shen et al. (2022). Perfluoroalkyl substances are linked to incident chronic spontaneous
urticaria: A nested case-control study. Chemosphere, 287, 132358.
Notes: A nested case-control study within a longitudinal cohort of 7051 government
employees in China; the median serum concentrations of perfluorobutanoic acid (PFBA)
and perfluoroheptanoic acid (PFHpA) were significantly higher in participants with
incident CSU; Bayesian kernel machine regression showed a nonlinear positive overall
effect of the mixture of PFASs, and identified significant single effects of PFBA and
PFHpA. The study concluded that serum PFASs are associated with an increased risk of
incident CSU, and PFBA and PFHpA might be the effective compounds.
Zhang et al. (2022). Associations between both legacy and alternative per-and
polyfluoroalkyl substances and glucose-homeostasis: The Isomers of C8 health
project in China. Environment international, 158, 106913.
Notes: The study used cross-sectional data of 1,038 adults from the Isomers of C8 Health
Project in China to explore associations of PFAS with glucose-homeostasis. After
adjusting for confounders, both legacy (PFOA, PFOS) and alternative (Cl-PFESAs and
PFBA) PFAS were positively associated with glucose-homeostasis markers in singlepollutant generalized linear models.
Nian et al. (2022). Emerging And Legacy PFAS And Cytokine Homeostasis In Women of
Childbearing Age. (In Review, Scientific Reports; https://doi.org/10.21203/rs.3.rs1217618/v1)
Notes: The study quantified 21 PFAS in 198 Chinese women of childbearing age from
2015 to 2016; 13 cytokines were measured using the Meso Scale Discovery U-PLEX and
V-PLEX platforms. The study found a significantly positive association of PFAS mixture
with TGF-β and a negative association with IL-10and concluded that both legacy and
emerging PFAS may affect the homeostasis of cytokines.
Animal Studies (rodent)
Weatherly et al. (2021). Systemic toxicity induced by topical application of
heptafluorobutyric acid (PFBA) in a murine model. Food and Chemical Toxicology,
156, 112528.
Notes: This study used Female B6C3F1 mice and analyzed serum chemistries, histology,
immune phenotyping, and gene expression to evaluate the systemic toxicity of subchronic dermal PFBA 15-day exposure. PFBA exposure produced significant increases in
liver and kidney weights and altered serum chemistries (all exposure levels). Immune-cell
phenotyping identified significant increases in draining lymph node B-cells and CD11b +
cells and skin T-cells and neutrophils. Histopathological and gene expression changes
were observed in both liver and skin after dermal PFBA exposure. Findings indicated that
PFBA induces liver toxicity and alterations of PPAR target genes, suggesting a PPAR
pathway. The study concluded that sustained dermal exposure to PFBA induces systemic
effects.
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Nonmammalian Animal Studies (zebrafish)
Hagenaars et al.(2011). Structure–activity relationship assessment of four perfluorinated
chemicals using a prolonged zebrafish early life stage test. Chemosphere, 82(5),
764-772.
Notes: The study did not find any significant PFBA effects.
In vitro - in silico studies
Allendorf, F., Berger, U., Goss, K. U., & Ulrich, N. (2019). Partition coefficients of four
perfluoroalkyl acid alternatives between bovine serum albumin (BSA) and water in
comparison to ten classical perfluoroalkyl acids. Environmental Science: Processes &
Impacts, 21(11), 1852-1863
Allendorf, F. (2021). Equilibrium sorption of perfluoroalkyl acids (PFAAs) and four of their
alternatives in mammals (Doctoral dissertation, Dissertation, Halle (Saale), MartinLuther-Universität Halle-Wittenberg, 2021).
Chen, H., Wang, Q., Cai, Y., Yuan, R., Wang, F., & Zhou, B. (2020). Investigation of the
interaction mechanism of perfluoroalkyl carboxylic acids with human serum
albumin by spectroscopic methods. International Journal of Environmental
Research and Public Health, 17(4), 1319.
Chen, Y. M., & Guo, L. H. (2009). Fluorescence study on site-specific binding of
perfluoroalkyl acids to human serum albumin. Archives of toxicology, 83(3), 255261.
Jackson, T. W., Scheibly, C. M., Polera, M. E., & Belcher, S. M. (2021). Rapid
Characterization of Human Serum Albumin Binding for Per-and Polyfluoroalkyl
Substances Using Differential Scanning Fluorimetry. Environmental Science &
Technology, 55(18), 12291-12301.
Jones, P. D., Hu, W., De Coen, W., Newsted, J. L., & Giesy, J. P. (2003). Binding of
perfluorinated fatty acids to serum proteins. Environmental Toxicology and
Chemistry: An International Journal, 22(11), 2639-2649.
Khazaee et al. (2021). Perfluoroalkyl acid binding with peroxisome proliferator-activated
receptors α, γ, and δ, and fatty acid binding proteins by equilibrium dialysis with a
comparison of methods. Toxics, 9(3), 45.
Notes: The study measured strong binding affinity of PFBA to PPAR-delta
Methods
Chou, W. C., & Lin, Z. (2020). Probabilistic human health risk assessment of
perfluorooctane sulfonate (PFOS) by integrating in vitro, in vivo toxicity, and human
epidemiological studies using a Bayesian-based dose-response assessment coupled
with physiologically based pharmacokinetic (PBPK) modeling approach.
Environment International, 137, 105581.
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Neagu et al. (2021). Adverse outcome pathway in immunotoxicity of perfluoroalkyls.
Current Opinion in Toxicology, 25, 23-29.
Tier 1 Recommendation: incorporate the Weatherly et al. (2021) study before finalizing
this Toxicological Review.
Haney

The literature search strategy and screening criteria for PFBA appear appropriate and
clearly described. This reviewer knows of no additional peer-reviewed studies of PFBA
that the assessment should incorporate, although some public comments have
recommendations for the EPA’s consideration (see the Literature Search and Screening
section of compiled public comments). However, there appears to be inconsistencies in
some of the documentation. Most specifically, in regard to page (p.) 2-1, lines 5-7…
These lines indicate that “Of the 58 screened at the full-text level, 17 were considered to
meet the Populations, Exposures, Comparators, and Outcomes (PECO) eligibility criteria
(see Table 8, Appendix A). The studies meeting PECO criteria at the full-text level
included six epidemiological studies, nine animal studies, and one in vivo genotoxicity
study.” However, these enumerated studies only add to 16, not 17. Additionally, Figure
2-1 (p. 2-2) indicates that 18 studies met PECO, with two more human studies (n=8)
appearing to meet PECO than the six mentioned in the text (line 8, p. 2-1). Lines 2-4 of p.
2-3 and Figure 2-3 (p. 2-5) also cite eight epidemiological studies, not six. This reviewer
suggests resolving and/or clarifying these apparent numerical inconsistencies as the
literature search goes to the very foundation of the assessment and should be clearly
and accurately documented (Tier 2 Suggestion). In regard to studies published after
release of the public comment draft assessment, the EPA has applied reasonable and
practical rationales regarding whether study results should be included in the final
assessment based on their potential impact (if any) on data gaps, assessment
conclusions, and/or toxicity values.

Hoberman

The literature search strategy and screening criteria for PFBA was found to be
appropriate and clearly described. As deemed appropriate, all literature tracked in the
U.S. EPA Health and Environmental Research Online (HERO) database was included.
Potentially relevant studies included in vivo mechanistic and mode of action studies, in
vitro and in silico models, absorption, distribution, metabolism, and excretion (ADME)
and toxicokinetic studies, exposure assessment and characterization studies, human case
reports and case series studies and studies of other PFAS.
Tier 1: Recommended Revisions
The only deficiency appears to be the need for an updated literature search based on the
time between the searches used for the Toxicological Review of Perfluorobutanoic Acid
and Related Salts and Supplemental Information—Appendices A though F.
Based on the information provided in the Public Comments Received on Draft IRIS
Toxicological Review of Perfluorobutanoic Acid (PFBA) and Related Salts three additional
papers should be considered:
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Abraham et al. (2021), Perfluorobutanoic acid (PFBA): No high-level accumulation in
human lung and kidney tissue. International Journal of Hygiene and Environmental
Health, 237, 113830
Weatherly et al. (2021). Systemic toxicity induced by topical application of
heptafluorobutyric acid (PFBA) in a murine model. Food and chemical toxicology:
British Industrial Biological Research Association, 156, 112528
Grandjean et al. (2020). Severity of COVID-19 at elevated exposure to perfluorinated
alkylates. PLoS One 15, e0244815. https://doi.org/10.1371/journal.pone.0244815.
An additional literature update will apparently be conducted. Studies that address
potential immunomodulation of PFBA and PFAS in general should be considered.
With the limited number of studies on PFBA some mention of the location of summary
charts with all PFAS effects showing a comparison across al PFAS would be useful.
Savitz

Comment, not a specific tier: The overall research strategy is sound and appears to make
the best use of the available evidence. It neither overstates the value nor underutilizes
what is recognized to be incomplete information. The explanations of the process from
initial literature identification to final conclusions are well-documented and with some
minor exceptions, clearly explained.
Tier 2 Suggestion: Because the conclusions all rest on some form of animal to human
extrapolation, there would be value in a brief discussion of what is known (and not
known) to help inform that extrapolation. As mentioned below, the relevance of PPAR as
a mode of action is an important point and the degree to which it is or is not relevant to
humans could be mentioned at the outset. Similarly, the dramatic sex differences in
some rodents are clearly not applicable to humans for other forms of PFAS and
presumably not for PFBA either.
Tier 2 Suggestion: There would be some value in an introductory preview on how they
are approaching PFBA in relation to other, much more extensively studied forms of PFAS.
They do consider the persistence, but appropriately when the evaluation of PFBA is
based on fragmentary evidence are there are reasons to believe that evidence can be
extrapolated from knowledge of other forms of PFAS, they make use of that rationale. A
brief explanation of that rationale at the beginning could be beneficial.
Comment, not a specific tier: The identification of pertinent studies is based on a
thorough process, including both automated databases and cross-checking reference
lists. I am not aware of other pertinent epidemiologic studies, particularly, and assume
that the same success has been attained for the toxicology and mechanistic studies.

Zoeller

The literature search strategy and screening criteria for PFBA appear to be appropriate
and mostly well-described, although it is not clear how “regular” updates were/are made
and how new information may be integrated into the analysis. A simple search of
PubMed using “PFBA” as a search term of abstracts revealed many papers published in
2022 and 2021 with some appearing to meet the PECO criteria. These include the
following:
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Shen, M., Xiao, Y., Huang, Y., Jing, D., Su, J., Luo, D., . . . Chen, X. (2022). Perfluoroalkyl
substances are linked to incident chronic spontaneous urticaria: A nested casecontrol study. Chemosphere, 287(Pt 3), 132358.
doi:10.1016/j.chemosphere.2021.132358
Modaresi, S. M. S., Wei, W., Emily, M., DaSilva, N. A., & Slitt, A. L. (2022). Per- and
polyfluoroalkyl substances (PFAS) augment adipogenesis and shift the proteome in
murine 3T3-L1 adipocytes. Toxicology, 465, 153044. doi:10.1016/j.tox.2021.153044
Genualdi, S., Beekman, J., Carlos, K., Fisher, C. M., Young, W., DeJager, L., & Begley, T.
(2022). Analysis of per- and poly-fluoroalkyl substances (PFAS) in processed foods
from FDA's Total Diet Study. Analytical and bioanalytical chemistry, 414(3), 11891199. doi:10.1007/s00216-021-03610-2
Appel, M., Forsthuber, M., Ramos, R., Widhalm, R., Granitzer, S., Uhl, M., . . . Gundacker,
C. (2022). The transplacental transfer efficiency of per- and polyfluoroalkyl
substances (PFAS): a first meta-analysis. Journal of toxicology and environmental
health. Part B, Critical reviews, 25(1), 23-42. doi:10.1080/10937404.2021.2009946
Bjork, J. A., Dawson, D. A., Krogstad, J. O., & Wallace, K. B. (2021). Transcriptional effects
of binary combinations of PFAS in FaO cells. Toxicology, 464, 152997.
doi:10.1016/j.tox.2021.152997
This comment is not a criticism of the methods employed in this review, but rather an
illustration of the ambiguity about how new information is/will be identified and
incorporated. It is recommended that a statement about what kind of information would
be required to change the overall analysis/conclusions be included, with a more clear
description of when updates were made.
Tier 2 Suggestion. It is recommended that a statement about what kind of information
would be required to change the overall analysis/conclusions be included, with a more
clear description of when updates were made.
3.2. The Toxicological Review describes the results of the evaluations of individual studies in
Section 2.2 (Study Evaluation Results) and presents and analyzes the findings from those
studies deemed informative in the relevant health effect-specific synthesis sections.
a. Please comment on whether the study confidence conclusions for the PFBA studies are
scientifically justified, giving appropriate consideration to important methodological
features of the assessed outcomes. Please specify any study confidence conclusions that
are not justified and explain any alternative study evaluation decisions.
b. Results from individual PFBA studies are presented and synthesized in the health
system-specific sections. Please comment on whether the presentation and analysis of
study results is clear, appropriate, and effective to allow for scientifically supported
syntheses of the findings across sets of studies.
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Comments

2a. Section 2.2 presents evaluations of individual studies and provides details on the
methodologies used to conduct that specific study. These evaluations are useful and
clearly identify considerations on reporting quality, allocation, observational bias,
confounding variable control, etc. These considerations are compiled to facilitate study
versus study comparison and they provide the basis for an open process to assign
overall confidence rating. See example Fig 2-2 on Page 2-4. Such results are critical for
the reviewer to recognize prior to application for specific organ toxicity assessment.
2b. Evaluation results for the studies identified for the PFBA IRIS report were done in a
clear and transparent manner that was helpful for this reviewer to understand how and
when various studies were used. This reviewer had only minor comments and these are
listed below.
Page 2-2 lines 1to 3 Please modify the word “fetus” in these lines. Should be precise in
referring to "fetus"? Remember the word "fetus" refers to developmental human stage
in utero after approx. 9 weeks of development. Do you mean "conceptus"? ("The fetus
or embryo, including all the surrounding tissues protecting and nourishing it during
pregnancy. " Reference: Am Heritage Dictionary: Fourth Edition accessed via web.
Note that this reviewer supports the comments submitted by my colleagues on this
section.

Fisher

2a. The interactive data graphic for animal studies (Fig. 2.2) did not work, but the
interactive data graphic for humans did work (Fig. 2.3). For humans all 7 categories of
evaluation shown in Fig. 2-3 were explained in the interactive link for 8 human studies.
The 8th category was overall confidence. The authors stated that most of the animal
studies were adequate, but I could not see their rationale for the analyses because the
interactive link did not work. In the end I was unsure how the study confidence
conclusions were determined, other than professional judgement. This chapter could
be improved by writing more about the overall confidence conclusions in the chapter,
even if the information is found in links (Tier 2 Suggestion).
2b. Page 3-25, Title for table 3-6, incorrect as stated. There are increases and decreases
in liver weight, not just increases, as the title indicates (Tier 3 Future Consideration).
Use the words “statistically significant” increases? Place the units of measure in the
header with Dose, not just in the Title of the Table.
Page 3-26, Line 20-22. “The lack of effect on PND10 or….” “Could be because these
animals were not exposed during lactation”. Avoid absolute statements such as this
(because the statement is most likely incorrect), state that the pup exposure by
lactational transfer was probably not sufficient to observe effects” (Tier 2 Suggestion).
Page 3-26, line 32-25. Comparison of effects in males and females is a common theme
and sometimes tentatively related to the pharmacokinetic differences of PFBA in
females (more rapid clearance) than males (slower clearance). Select an administered
dose in males that is nearly equivalent to females based on pharmacokinetic dose
metrics (AUC or perhaps Cmax) and compare toxicity outcomes. This may provide a
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clearer picture of the role that pharmacokinetics plays in toxicity in male and female lab
animals (Tier 2 Suggestion). Since there is no published PBPK model I understand that
EPA, although capable, will not create a PBPK model.
Georgopoulos

The confidence conclusions for the PFBA studies that were included in the Toxicological
Review are scientifically justified. The results from individual PFBA studies (which are
presented and synthesized in the health system-specific sections) are concisely and
clearly summarized in Section 2.2 (pages 2-2 to 2-5). The summary visual presentation
of the evaluation results for the animal studies (Figure 2-2 on page 2-4) and the
epidemiological studies (Figure 2-3 on page 2-5) is very effective and the use of the
interactive graphic for accessing the summaries is functional and very convenient.
Further specific comments on whether (a) study confidence conclusions are
scientifically justified and (b) the analysis of study results is clear and appropriate, are
included, for specific endpoints, in the responses to the Charge Questions that follow.
Tier 1 Revision: The second paragraph of Section 2.2 states that the "database of all
repeated-dose oral toxicity studies for PFBA and the related compound... that are
potentially relevant for deriving oral reference dose (RfD) values includes four shortterm studies in rats and mice ..., two 28-day studies in rats and mice ..., one subchronicduration study in rats..., and one gestational exposure study in mice ... In addition, eight
epidemiological studies were identified..." That is a total of sixteen studies; however
HAWC lists seventeen (17) studies for PFBA, including a PFNA study by Das et al. (2015):
it should be clarified why this study is included in the HAWC list.

Haney

2a. Yes, the study confidence conclusions appear scientifically justified, giving
appropriate consideration to important study attributes. Briefly, Figure 2-2 (p. 2-4) of
the Toxicological Review summarizes the relevant scientific considerations utilized and
applied to animal studies in determining the overall confidence in each animal study.
There are ten such considerations, each concerning an aspect of overall study quality.
Similarly, Figure 2-3 (p. 2-5) summarizes the relevant scientific considerations utilized
and applied to epidemiological studies in determining the overall confidence in each
epidemiological study. There are seven considerations, each concerning an aspect of
overall study quality. As might be expected, the considerations differ somewhat
between animal and epidemiological studies, although there are some general areas of
overlap (e.g., confounding, exposure characterization, reporting quality/selective
reporting). For each study, each consideration is essentially rated (i.e., graded) from
good (++) down to deficient (-) or even critically deficient (--), and if not reported in the
study receives an “NR”. The overall confidence rating (high down to low or even
uninformative) essentially depends upon the balance of the ratings across the relevant
considerations. For each study in Figures 2-2 and 2-3, the overall consideration ratings
appear consistent with (i.e., provide the scientific justification needed for) the overall
study confidence level rating. The available animal studies were generally rated as well
conducted and rigorous, and were therefore justifiably assessed as having medium or
high confidence (Figure 2-2). By contrast, all available epidemiological studies had one
or more deficiencies and most were justifiably rated as having low confidence, with one
being uninformative and only two having at least medium confidence (Figure 2-3). So
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again, the study confidence conclusions appear scientifically justified, with EPA having
given appropriate consideration to important study attributes.
2b. This question is related to question 3 below, which asks whether the available data
for the effects considered (i.e., thyroid, hepatic, developmental, reproductive and other
noncancer effects) have been clearly and appropriately synthesized to describe the
strengths and limitations. However, this question (2b) concerns whether the
presentation and analysis of study results is clear, appropriate, and effective, a step just
upstream of synthesis that if well done, then allows for appropriate syntheses of the
endpoint-specific findings. In this reviewer’s opinion, the overall presentation and
analysis of study results appears clear, appropriate, and effective. However, among
other public comments, comments from the New Jersey Department of Environmental
Protection (NJ DEP) contain several recommendations to improve the clarity and
accuracy of the presentation of results, including those for hepatotoxicity (e.g., NJ DEP
pp. 12-15). For example, while Table 5-6 (p. 5-15) contains the no-observed-adverseeffect-level (NOAEL) from Butenhoff et al. (2012) for relative liver weight in male rats
(90 day), for consistency that table should likely contain the corresponding benchmark
dose (BMD) lower-bound point of departure (i.e., the BMDL). In searching for examples
not appearing in public comments, what might be considered a minor exception to
clear presentation may be found in Table 3-5 (p. 3-21), which indicates a “Decrease in
free and total T4 in male rats at >6 mg/kg-d”. While the quoted statement is accurate, it
may not provide the total picture as examination of Table 3-3 (p. 3-13) shows increased
total T4 (+13%, though not statistically significant) in male rats at 1.2 mg/kg-day (90
days), which might be considered an exception to the consistent monotonic doseresponse implied by Table 3-5 (see the “factors that increase certainty” column) for
thyroid hormones in male rats1 (see Haney footnote below). A similar comment is provided under
3a below. This comment is indeed quite minor (Tier 3 Future Consideration), however,
as the text mentions the +13% increase in total T4 at 1.2 mg/kg-day (p. 3-13, lines 7-8),
the increase is not statistically significant, and it applies to a part of the document (e.g.,
Table 3-5) that seeks to more simply summarize male rat results for both free and total
T4. The EPA’s consideration of the comments above in conjunction with the public
comments on clarity of presentation will help ensure that the presentation and analysis
of study results is as clear, appropriate, and effective as possible.
Haney Footnote 1: Table 3-3 (p. 3-13) also shows increased total T4 (+16%, though not
statistically significant) in female rats at the lowest dose (1.2 mg/kg-day for 90 days), as well
as the next lowest dose (+14%, though not statistically significant, at 6 mg/kg-day for 90
days).

Hoberman

2a. The study confidence conclusions for the PFBA studies appeared to be scientifically
justified based on the methodological features of the assessed outcomes.
2b. The presentation and analysis of study results was found to be clear, appropriate
and effective, allowing for scientifically supported syntheses of the findings across the
various sets of studies.

Savitz

2a. Editorial comment: Given my expertise is in epidemiology, not toxicology, I will
focus my comments on that body of research. The limited confidence in the
epidemiologic studies and modest contribution to the overall evaluations is
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appropriate. While high quality epidemiologic studies would, as noted, be of high value
and potentially even more informative than the toxicology given they would not lose
information in extrapolations across species, the severely limited quality of
epidemiologic research thus far relegates them to a minor role.
Tier 2 Suggestion: While the information is provided in the HAWC table, I would suggest
providing text that briefly notes the nature of the studies in general, and since they are
so few in number, a sentence or two about each. It could be as little as 2-3 sentences
that gives a synopsis of what was done (the PECO attributes), key methodologic
limitations, and overall assignment regarding its quality. This is editorial in nature but
would help make this a more transparent, user-friendly document. Those who want the
full details could look to HAWC and appendices as needed.
2b. Editorial comment: Again, with regard to the epidemiologic studies, the text
references to the studies and the synopsis in the results tables are accurate and
appropriate. In each case, it is clear why the study was given the level of attention that
it was in reaching overall conclusions. I also found that providing not just the facts of
the toxicology studies but the logic for giving more or less attention to particular studies
and specific outcomes was very beneficial. Not all health outcomes are equal with
regard to their human health relevance, and the distinction between adaptive and
pathological endpoints was helpful. Because the literature requires some triangulation
of notably incomplete evidence, the explanation of the thought processes behind the
judgments was valuable.
Zoeller

2a. The study confidence conclusions are reasonably well described and scientifically
justified. Although the Kim study focused on an important issue, the analysis was
correct that the reporting was so scarce that it was not possible to be confident in the
reported conclusions. Likewise, the animal study confidence conclusions appear
reasonable, and I have no recommendations or suggestions about them.
2b. In general, the analysis of study confidence is clear and articulates the scientific
basis for the Agency’s conclusions. What is not always clear as the review progresses is
how the Agency uses the strengths of a paper that may be rated lower than others in
their weight of evidence approach, recognizing that this is not a systematic problem but
one of individual papers.

3.3

For each health effect considered in the assessment and outlined below, please comment
on whether the available data have been clearly and appropriately synthesized to describe
the strengths and limitations. For each, please also comment on whether the weight-ofevidence decisions for hazard identification have been clearly described and scientifically
justified.
a.

For thyroid effects, the Toxicological Review concludes that the available evidence
indicates PFBA exposure is likely to cause thyroid toxicity in humans given relevant
exposure circumstances, primarily on the basis of short-term and subchronic
studies in male rats reporting a consistent and coherent pattern of thyroid effects
following PFBA exposure, but also drawing from the consistency of effects when
considering evidence from structurally related PFAS. The Toxicological Review
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concludes the thyroid effects are considered relevant to humans in the absence of
evidence to suggest otherwise.
b.

For hepatic effects, the Toxicological Review concludes that the available evidence
indicates PFBA exposure is likely to cause hepatic effects in humans given relevant
exposure circumstances, on the basis of a series of short-term, subchronic, and
developmental studies in rats and mice demonstrating consistent and coherent
effects with a clear biological gradient. Although the available mechanistic
information indicates the effects in rodents are relevant to humans, some
uncertainty remains regarding potential differences in sensitivity across species
due to evidence for the involvement of both PPARα-dependent and PPARαindependent pathways in these effects (see Charge Question 4 requesting input
specific to this latter uncertainty).

c.

For developmental effects, the Toxicological Review concludes that the available
evidence indicates PFBA exposure is likely to cause developmental effects in
humans given relevant exposure circumstances, on the basis of a coherent pattern
of delays in acquisition of three different developmental milestones in a single
study in mice, with the findings presumed relevant to humans in the absence of
evidence to suggest otherwise. The assessment discusses similar effects observed
for structurally related PFAS.

d.

For reproductive effects and other noncancer effects (i.e., cardiometabolic effects,
renal effects, ocular effects, body weight), the Toxicological Review concludes there
is inadequate evidence to determine whether PFBA exposure has the potential to
cause these effects in humans on the basis of the sparsity of available evidence.

Reviewer
Faustman

Comments
3a. Thyroid Effects --This reviewer agrees with the conclusions made by USEPA on the
potential for PFBA to impact thyroid development in humans. The evidence used to
support this statement was very clearly detailed in Evidence profile table 3.5 and in the
accompanying text (Page 3-22). Rodent study comparisons for PFBA across dose, route
of exposure and sex were presented and contrasted to minimal information in humans.
Excellent discussion on the importance of developing humans on this system was
provided as context for why any suspected changes in thyroid hormone pathways could
be very serious. Critical data gaps were also identified and included absence of an
adequate neurodevelopmental study on PFBA to investigate the temporal, pathological,
functional and mechanistic impacts. This review was impressed with the presentation of
this rationale and evidence integration.
Information in this section included discussions of the relationships between thyroid
endpoints such as: alterations in thyroid histopathology and changes in serum levels of
T4, T3 and TSH. Absolute and relative thyroid organ weights were presented and
discussed as these increased statistically by two-fold after 28 days of treatment with
PFBA in male rats however thyroid organ weights were not increased in female nor in
males or females when they have a recovery period. Figure 3-2, Page 3-14 showed the
effects of PFBA in rats after oral gavage exposure on thyroid hormone response. Figure
3-3, Page 3-15 shows the same type of organized responses to PFBA for thyroid
histopathology. The text in this section provides mechanistic information such as what
is given on Page 3-16, lines 1 to 5 about the relevance of seeing decreases in hormone
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levels with related alterations in organ weight and histopathology (without TSH
increases) as being consistent with human clinical conditions such as hypothyroxinemia.
These similarities strengthen the significance of these changes and is an example of the
way that data is intended to be integrated across related endpoints. The reviewer was
very supportive of these types of text discussions and agreed with these reviews and
their support of the animal studies as being considered relevant but adverse for
humans.
3b. Hepatic effects (Pages 3-23 to 3-41)
The IRIS report discusses two human studies one with medium confidence (Nian et al,
2019) and one with low confidence (Fu et al., 2014) in Section 3.2.2. The IRIS report
discusses these in a transparent manner. Human Studies are presented first but provide
minimal contributions to the hazard assessment due largely to limited sensitivity due to
low exposure levels and “narrow contrast for PFBA”. This reviewer agrees with the
conclusions in the IRIS report that these provide little contribution to the hazard
identification.
The IRIS report evaluates multiple studies which are used to inform the animal hepatic
effects assessment. These studies include those with high and medium confidence and
which are available for a variety of study types including short-term and sub chronic
studies in both rats and mice and one high confidence developmental toxicity study
(mice). The endpoints identified from these studies in this section include liver weights,
histopathological changes and serum biomarkers of effect. These studies are discussed
in appropriate details providing sufficient details for the reviewers to understand their
design, results and relevance for the PFBA hazard assessment. Figure 3-5 shows an
example of how results from these studies are presented for review. It is an example of
the transparent presentation of the results reviewed for PFBA providing evaluation
details for these studies as they relate to hepatic effects with notation when significant
treatment related increases or decreases were found for liver weights. Health
Assessment Workspace Collaborative (HAWC) listings provide additional details. Liver
weights are discussed both as relative and absolute organ weights in this section. Dose
response relationships for liver weights are clearly presented in Figure 3-5 across
species, dose, gender and length of exposure. Similar summary figures and text provide
similar assessments for the other hepatic endpoints discussed from rodent studies and
are present for liver histopathology (Fig 3-6) and these results present important
reporting on types of pathologies including hypertrophy, coagulative necrosis, focal
necrosis and vacuolation.
For each case sufficient details are presented to support conclusions and where data is
limited or uncertain the text provides referenced ideas, mechanistic studies with wild
type PPAR alpha and humanized PPAR alpha mice on what may be happening and how
this would be relevant for humans.
Under the Mechanistic Evidence and Supplemental Information section of this report
(Page 3-30 -lines 19 to page 3-35 line 13 the report provides consistent, scientifically
documented and sound evidence to support the hazard determinations on hepatic
injury as being of human health concern. Concepts of both adaptive as well as adverse
hepatic response are directly addressed in this section with the conclusion that PFBA
exposure is associated with changes and that these endpoints are of human health
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concern. Mechanistic considerations include results from both PPAR alpha dependent
and independent mechanisms as well as considerations of dose response relationships
and observations on whether hepatic effects are observed after recovery periods. These
observations are evaluated across both mouse and rat studies and for both male and
female offspring. Discussion about adverse hepatic effects observed in the humanized
PPAR alpha mice include more severe lesions that appeared at lower doses compared
with wild type mice. (Page 3-32 lines 15 to 18) Uncertainties yet to be fully
characterized include those induced by PFBA by non PPAR alpha dependent
mechanisms. Cholesterol changes are also noted as being observed at intermediate
exposures (day 28 versus 90-day studies) and are without complete mechanistic
understanding.
The evidence integration section is well done and supported by a great summary in
Table 3-8 (page 3-39). Statements such as:” Taken together, the available evidence
indicates that PFBA exposure is likely to cause hepatic toxicity in humans (see Table 38), given relevant exposure circumstances. This judgment is based primarily on a series
of short-term, sub chronic, and developmental studies in rats and mice, generally
exhibiting effects at PFBA exposure levels ≥30 mg/kg-day.” Data provide critical
summary statements that are needed in IRIS reports. In this case, the IRIS report
provides not only evidence-based information about adversity of each outcome but also
summarizes a detailed discussion of these endpoints to identify critical and assessment
changing input.
3c. Developmental Effects (Section 3.2.3 pages 3-41-3-47)
The developmental effects section of this IRIS report identified a single low confidence
birth weight study conducted in China that showed decreased birth weight associated
with higher PFBA exposure in boys (non-statistically significant) however this was of
limited utility for the hazard assessment due to small exposure ranges of participants
and also concerns over participant selection.
Das et al 2008 was identified as a high confidence oral gavage study evaluating PFBA
exposure during development after exposure from GD 1 to 17. Highest dose group
litters had “full litter resorptions” and the report noted as well “although not
statistically significant, postnatal survival was consistently reduced at PNDs 7, 14, and
21 by approximately 5%” (page 3-43, lines 1-6). Significant endpoint changes were
reported and included increased time to eye opening (males and females), vaginal
opening (females) and preputial separation (males). These significant dose response
relationships were illustrated in Figure 3-8 (page 3-44). No significant changes in fetal
weights were reported. Additional discussion on other related PFAS compounds were
discussed and their gestational study results supported similar types of endpoints and
postnatal survival effects which strengthen the IRIS report on PFBA. Tier 1
Recommendation: Because these effects were observed in the absence of maternal
toxicity these finding have even greater relevance to humans and this should be noted
in the report.
This reviewer felt it was important that the report emphasized the following
statement on significant data gaps (Page 3-45, lines 28 to 34) and was glad to see
this statement in the report: “Data gaps in the developmental toxicity database
include a lack of information on the thyroid and nervous system following
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gestational exposure. Given that other PFAS (i.e., PFBS) alter thyroid hormone levels
following gestational exposure and that PFBA induces changes in thyroid hormone
levels in exposed adult animals, PFBA also might alter normal thyroid function in the
developing fetus. As both PFBA and PFBS evidence bases lack studies on
developmental neurotoxicity, a potential consequence of altered thyroid function
during development, this represents an important unknown.”
This reviewer agrees with the IRIS assessment for developmental endpoints and is
supportive of their integration with altered thyroid outcomes. This reviewer is also
supportive of the need for postnatal functional assessment of neurodevelopmental in a
study design with extended post-natal assessments (would suggest postnatal
assessment up to offspring adulthood) as critical missing scientific information. The
unavailability of this information and the remaining questions about critical
mechanisms in the human raised the level of concern for this reviewer.
Table 3-10 (Page 3-47) was extremely helpful in evaluating the “evidence profile” for
developmental effects.
3d. Reproductive Effects-- (Section 3.2.4, Pages 3-48 to 3-50)
One negative cross-sectional study by Song et al, 2018 was noted as looking at the
association of PFBA exposure and sperm quality but was identified as low confidence
due to multiple significant short-coming. This reviewer agrees that this study was not
useful.
For reproductive endpoints, two animal studies and three publications were identified
(Buttenhoff et al, 2021: van Otterdijk, 2007a, b) as well as the previous developmental
toxicity study studied above Das et al 2008.
Absolute epididymis weights were significantly increased at the lowest dose tested in a
28-day study but not seen after recovery in coordinated cohort assessment (Figure 3-9,
Page 3-49). These were the only significant findings. No statistically significant impacts
on ovaries were reports.
Page 3-49, lines 17-20 This reviewer agrees with the IRIS report designation of
“insufficient evidence” to determine if PFBA can cause reproductive effects and would
emphasize the lack of functional studies to interpret this potential. Table 3-11, Page 350 summarizes these findings in a clear manner.
Non-Cancer Effects-- (Section 3.2.5, Pages 3-51 to 3- 53)
The IRIS report determined that there is insufficient evidence to evaluate a series of
potential impacts of PFBA effects reported in human and animal studies across
endpoints such as cardiovascular, renal, hematological and ocular. This reviewer would
agree with this assessment however it is to be noted that the discussions on body
weight seem to be repetitive here as they were discussed in the previous sections?
Ocular effects were of interest but agree that without further study are difficult to
incorporate more fully. No action required here however could the report state clearly
whether any comparisons with effects reported in PFOA related compounds help here?
This should be specifically stated in the report whether answer is yes or no.
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3a. Thyroid Effects
To compare expected dose-response for thyroid effects in humans based on observed
changes in serum thyroid hormones in experimental animals is difficult. Thyroid
function is conserved across species, qualitatively. There is a good discussion about the
thyroid data in lab animals and what exists for humans on pages 3-10 to 3-22.
The thyroid findings in rats (a signal) are relevant to humans, but proposing how to
relate rat thyroid effects to humans in a quantitative manner (dose-response) is the
challenge. A brief discussion on this topic would be useful per discussion below (Tier 2
Suggestion).
The document would be much improved if the authors cite existing research that may
shed some light on species extrapolation of thyroid effects, such as work by Dr. Paul
Schlosser (US EPA) on perchlorate (https://www.epa.gov/sdwa/perchlorate-peerreviews). In this case there is a direct comparison of the molecular initiating event (MIE)
for thyroid hormone disruption at the thyroid gland, both in vitro and in vivo, but
downstream events observed in vivo in rats (serum TSH increase and serum thyroid
hormone decrease) were not observed in human clinical studies with perchlorate under
controlled conditions over the time period of the studies. (Tier 2 Suggestion).
Place the following information in a Table; lab animal and human citations and data that
show connections between a percent decrease in serum T4 and adverse outcome.
There are several efforts ongoing looking at such data and I believe that one could
select studies that do not show this relationship. This argument needs to be solid and
presenting data will help (Tier 1 Recommendation). Specifically, pages 3-16, lines 1-28.
Relating the percent change in serum T4 with adversity, in humans especially. This is a
very important extrapolation and is discussed on page 3-17. If iodine deficiency is used
for the human case, there are many more studies that should be included. I am aware
of other studies reported in Fisher et al. 2016, Dietary Iodine Sufficiency and Moderate
Insufficiency in the Lactating Mother and Nursing Infant: A Computational Perspective.
3b. Hepatic Effects
From my perspective, there was a good discussion about MOA and questions raised
about how to interpret the data. There appears to be no easy path forward for
understanding the MOA. The authors do a good job making a case for liver as an
important endpoint and discuss mechanistic information when possible. The authors
also point out gaps in mechanistic information such a non PPAR alpha MOA.
3C. Developmental Effects
Yes, need to keep this endpoint in the tox review because other similar compounds
reporting these effects. There are noted data gaps in studies during gestation and are
recognized by the EPA. The EPA should opine on a thyroid mediated MOA in the young
based on evidence in adult rats (thyroid histology and serum T4 decreases in adult rats)
(Tier 2 Suggestion).
3d. Reproductive Effects
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I agree with the lack of data as stated by EPA.
Georgopoulos

3a. Thyroid Effects
The data leading to the conclusion that the thyroid effects are considered relevant to
humans were appropriately synthesized and their strengths and limitations were
adequately described; the weight-of-evidence decisions for hazard identification have
been adequately described and justified. The short-term and subchronic studies in male
rats report consistent and coherent patterns of thyroid effects following PFBA
exposure. As mentioned on page 3-18 of the Toxicological Review, "Taken together, the
consistent changes in total and free T4, thyroid weights, and histopathology across the
two available oral PFBA exposure experiments are biologically coherent and plausible"
and "the available animal studies provided moderate evidence for thyroid effects." The
"Evidence Stream Summary and Interpretation" presented in Table 3-5 (Evidence profile
table for thyroid effects; pages 3-21 and 3-22) is clear and informative; key findings and
factors that increase and decrease certainty are appropriately and clearly presented.
The characterization of the confidence in the assessment as Medium-low (e.g. Table ES1 on page xiii) is appropriate, also considering interspecies uncertainties in binding
affinities, etc.
3b. Hepatic Effects
The available data for effects on the liver were appropriately discussed and synthesized;
Table 3-8 (Evidence profile table for hepatic effects; pages 3-39 to 3-41) is clear and
informative. The weight-of-evidence decisions for hazard identification have been
adequately described and justified. The relevant data include multiple high and medium
confidence animal studies (series of short-term, subchronic, and developmental studies
in rats and mice) with consistent effects across species, sexes, exposure durations, and
study designs (e.g., exposures during pregnancy). The available information exhibits
coherence between the effects on liver weights and histopathology and a clear
biological gradient (increasing effect with increasing dose). As stated on page 3-7 (lines
35-37) of the Toxicological Review, "That PFBA induces a constellation of effects in the
liver, including increased liver weight, hypertrophy, vacuolation, and necrosis is clear
from the in vivo evidence in rodents." Though uncertainties exist regarding interspecies
sensitivity differences, as there is evidence for the involvement of both PPARαdependent and PPARα-independent pathways in these effects, the available overall
evidence suggests that exposures to PFBA are likely to cause hepatic toxicity in humans.
3c. Developmental Effects
The available data for developmental effects were appropriately discussed and
synthesized in Section 3.2.3 (pages 3-42 to 3-47). The conclusion that PFBA is likely to
cause developmental effects in humans under relevant exposure settings, is based on a
high-confidence gestational study in mice that showed a coherent pattern of delays in
acquisition of three different developmental milestones; the findings of this study are
reasonably presumed relevant to humans in the absence of evidence to suggest
otherwise.
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3d. Reproductive and Other Non-Cancer Effects
The Toxicological Review reasonably concludes that the sparse available data do not
provide sufficient evidence for assessing whether exposures to PFBA have the potential
to cause reproductive, cardiometabolic, renal, ocular, etc. effects in humans. The
relevant available information is adequately discussed and synthesized in Sections 3.2.4
and 3.2.5 (pages 3-48 to 3-53).
The issue of potential immunotoxicity (immunomodulation) effects of PFBA is not
discussed in the subsection for other non-cancer effects; however, relevant concerns
are mentioned twice: in Section 4 (Summary of Hazard Identification Conclusions)
where, on page 4-2 (lines 21-24) it is stated that "Most notably, potential for PFBA
exposure to affect the immune system, thyroid or nervous system in developing
organisms, or mammary glands represent important data gaps given the associations
observed for other PFAS..."; and in Section 5 (Derivation of Toxicity Values) where, on
pages 5-17 (lines 37-38) and 5-18 (lines 1-4) it is stated that "Lastly, the potential for
immunotoxicity and mammary gland effects represents an area of concern across
several constituents of the larger PFAS family (primarily long-chain PFAS). No studies
have evaluated these outcomes following PFBA exposure or following exposure to the
structurally related PFBS [...]. No chemical-specific information is available to judge the
degree to which the existing endpoints in the PFBA Toxicological Review would be
protective of immunotoxicity or mammary gland effects."
Given the increasing concerns about potential immunosuppression effects by PFBA (and
other PFAS) the following Tier 2 suggestion (already mentioned in the response to
Charge Question 1) is appropriate:
Tier 2 Suggestion (already mentioned in the response to Charge Question 1): Add a
section that discusses available information on potential immunomodulation
(immunosuppression) effects of PFBA. Existing studies most probably cannot support
derivation of relevant reference values, but compilation and evaluation of the available
information can provide an initial framework for addressing this challenge in future
revisions.
Haney

3a. Thyroid Effects
Yes, it appears that overall, the available data on thyroid effects are clearly and
appropriately synthesized to describe the strengths and limitations. Obviously, the text
of the document (Section 3.2.1) contains information relevant to and supporting the
weight-of-evidence for thyroid effects. P. 3-20, lines 15-16 state that “the evidence
indicates that PFBA exposure is likely to cause thyroid toxicity in humans, given relevant
exposure circumstances (Table 3-5).” Table 3-5 is the evidence profile table for thyroid
effects, which among other information contains factors that increase certainty (e.g.,
consistent, dose-dependent reductions in thyroid hormones (total or free thyroxine
(T4)) in adult male rats across two study durations) and factors that decrease certainty
(e.g., lack of significant histopathological and organ weight effects at the highest adult
rat dose) along with evidence stream (i.e., human, animal, mechanistic/supplemental)
judgments/rationales and a summary judgment. A possible omission from this table and
inconsistency with the consistent dose-response gradient cited here and elsewhere
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(e.g., p. 4-1, lines 15-17), however, may be the increased total T4 (+13%, though not
statistically significant) in male rats at 1.2 mg/kg-day for 90 days (see Table 3-3 on p. 313) as this consideration should not necessarily be limited to only doses ≥ 6 mg/kg-day
and to not mention it may incorrectly imply to a reader that there was a wholly
consistent monotonic dose-response in all cases. Moreover, these are the only male rat
T4 results available in Table 3-3 at a dose lower than 6 mg/kg-day. This comment,
however, is quite minor (Tier 3 Future Consideration) as the text mentions the +13%
increase in total T4 at 1.2 mg/kg-day (p. 3-13, lines 7-8), the increase is not statistically
significant, and it applies to a part of the document (e.g., Table 3-5) that seeks to more
simply summarize male rat results for both free and total T4.
Taken together, the weight of the available scientific information presented reasonably
supports that assuming sufficiently high exposure over a sufficiently long duration (i.e.,
“given relevant exposure circumstances”), PFBA exposure is likely to cause thyroid
toxicity in the general human population, which includes potentially susceptible
subpopulations (e.g., developing fetuses of pregnant women). Furthermore, the bases
for this weight-of-evidence decision are clearly described in the text (Evidence
Integration Summary on pp. 3-17 through 3-20) and summarized in Table 3-5 (pp. 3-21
and 3-22) of the document. Lastly, it is noted that “Consistent increases in males across
all studies” for thyroid hormones in Table 3-5 (p. 3-21) should likely read [emphasis
added] “Consistent decreases in males across all studies”, as this apparently is meant to
refer to thyroid hormone (free and total T4) levels and “decreases” is used to describe
these changes elsewhere (e.g., p. 4-1, lines 15-17).
3b. Hepatic Effects
Yes, it appears that by and large, the available data on hepatic effects are clearly and
appropriately synthesized to describe the strengths and limitations. P. 3-38, lines 7-9
state that “the available evidence indicates that PFBA exposure is likely to cause hepatic
toxicity in humans (see Table 3-8), given relevant exposure circumstances.” Table 3-8 is
the evidence profile table for hepatic effects, which among other information contains
both factors that increase certainty (e.g., coherence of histopathology with liver weight
effects (especially at high doses) in adult rats and mice) and factors that decrease
certainty (e.g., incoherent observations for serum biomarkers of altered liver function
or injury) along with evidence stream (i.e., human, animal, mechanistic/supplemental)
judgments/rationales and a summary judgment. Obviously, the text of the document
(Section 3.2.2) also contains information relevant to and supporting the weight-ofevidence for hepatic effects. Importantly, recommendations of the Hall et al. (2012)
paper were considered by the EPA in assessing the adversity of observed hepatic effects
(e.g., in discussing sufficiently supporting histological evidence, Hall et al. (p. 988 of the
study) differentiate between macrovesicular vacuolation (considered non-adverse) and
microvesicular vacuolation,2 (see Haney footnote below) the pattern of vacuolation Foreman et al.
(2009) observed in humanized PPARα mice exposed to PFBA). However, as a Tier 2
Suggestion, the EPA should consider additional tables and/or figures that would help
readers visualize important EPA conclusions, such as coherence of liver histopathology
with liver weight effects (cited in Table 3-8) since these results are only presented in
separate tables within the document (i.e., Table 3-7/Figure 3-6 for histopathology and
Table 3-6/Figure 3-5 for liver weight changes).
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On another topic, p. 3-36, lines 31-33 indicate that, “As a whole, the various clinical
chemistry endpoints, as measurements of liver toxicity, are inconsistent across
endpoints and durations of exposure, and thus did not influence the evidence
integration judgments.” However, results for serum biomarkers of liver toxicity that do
not appear supportive of adverse liver effects having been induced by PFBA (e.g.,
decreased bilirubin) should be weighed as such and not excluded as a consideration
during evidence integration (i.e., both supportive and unsupportive data should be
weighed when determining whether adverse hepatic effects occurred and whether
PFBA exposure is likely to cause hepatic toxicity in humans, given relevant exposure
circumstances). Despite the text cited above, incoherent observations for serum
biomarkers of altered liver function or injury appear as a factor that decreases certainty
in Table 3-8 (p. 3-40), so perhaps the cited sentence needs clarification or revision (Tier
2 Suggestion).
It is further noted that p. 3-38, lines 3-5 indicate [emphasis added], “The available
animal evidence for effects on the liver includes multiple high and medium confidence
studies with consistent effects across multiple species, sexes, exposure durations, and
study designs…” The EPA should consider explicitly stating the meaning of “consistent
effects” (Tier 2 Suggestion) as it could have several meanings (e.g., all the same effects
occurred at the same or similar doses across multiple species, sexes, exposure
durations, and study designs; one or more hepatic effects were consistently found at
some dose across studies though the specific effects observed may vary across studies)
and different readers can/will interpret it differently, some no doubt incorrectly.3 (see
Haney footnote below)
In other cases, the reader may also benefit from explanations
concerning exactly what is meant by “consistent”, “consistently”, and like terms
appearing elsewhere in the document.
This being said, taken together, the weight of the available scientific information
presented (e.g., effects in humanized PPARα mice, evidence of PPARα-independent
pathways) reasonably supports that assuming sufficiently high exposure over a
sufficiently long duration (i.e., “given relevant exposure circumstances”), PFBA exposure
is likely to cause hepatic toxicity in the general human population, which includes
potentially susceptible subpopulations (e.g., those with pre-existing liver disease).
Though there is some room for improvement (e.g., additional tables/figures, definition
of “consistent effects”), the bases for this weight-of-evidence decision are clearly
described in the text (Evidence Integration Summary on pp. 3-35 through 3-38) and
Table 3-8 (pp. 3-39 through 3-41) of the document.
Haney Footnote 2: The presence of hepatocytes partially or completely filled with multiple
small vacuoles without displacement of the nucleus (Kleiner and Makhlouf, 2016) (p. 3-34,
lines 29-31).
Haney Footnote 3: Although Figures 3-5 and 3-6 are relevant illustrations of the variation
across study results.

3c. Developmental Effects
In several but not all ways, the available data on developmental effects are clearly and
appropriately synthesized to describe the strengths and limitations. P. 3-46, lines 1-2
state that “evidence indicates PFBA exposure is likely to cause adverse developmental
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effects in humans (see Table 3-10), given relevant exposure circumstances.” Table 3-10
is the evidence profile table for developmental effects, primarily relying on in vivo
animal data for which the table contains factors that increase certainty (e.g., coherence
across developmental milestones) but no factors that decrease certainty. A notable
omission from this table and the text in Section 3.2.3 is the Mechanistic Evidence and
Supplemental Information section, which in contrast to the sections on thyroid and
hepatic effects, seemingly highlights an important limitation of the available data (or at
least the discussion/evaluation) that decreases certainty. While Table 3-10 states that
“in the absence of evidence to the contrary, the developmental effects observed in
mice are considered relevant to humans based on conserved biological processes”, the
text of the document contains little-to-no discussion of: the conserved biological
processes between mice and humans that the EPA considers relevant to the observed
developmental effects (e.g., for delayed vaginal opening and preputial separation),
whether the mouse has been shown to be a good laboratory animal model for assessing
potential human developmental effects, or what human developmental endpoints (e.g.,
delayed onset of puberty) may be presumed to be correlates of some of the PFBAinduced developmental effects observed in the single mouse study (e.g., delays in
vaginal opening and preputial separation in Das et al. 2008).4 (see Haney footnote below) Such
discussions would inevitably lead to a more complete and transparent description of
the strengths and limitations of the available data relevant to developmental effects.
Fortunately, some of this information can be found later in the document in Section
5.2.1 (e.g., delays in eye opening, embryo/fetal mortality; pp. 5-3 and 5-4), which can be
used as supplemental information for Section 3.2.3. However, in the document there
appears to be some paucity of relevant mechanistic information or information on the
conserved biological processes causing the developmental effects observed in mice to
be considered relevant to humans. Without such discussions sufficiently supporting
human relevance in Section 3.2.3, the weight-of-evidence decision applied to some
developmental effects is not fully documented as scientifically justified (e.g., for human
relevance, the developmental assessment appears in some cases to rely on “the
absence of evidence to the contrary” in lieu of supporting scientific
information/justification).
Since supporting information is presented in the document pertinent to the human
relevance of at least some of the developmental effects observed in mice (e.g., delayed
eye opening, embryo/fetal mortality), the weight of the available scientific information
reasonably supports that assuming sufficiently high exposure over a sufficiently long
duration (i.e., “given relevant exposure circumstances”), PFBA exposure is likely to
cause developmental toxicity in the general human population, which includes
potentially susceptible subpopulations (e.g., developing fetuses of pregnant women).
However, information supporting human relevance should be added to the assessment
(e.g., the Evidence Integration Summary, currently pp. 3-45 and 3-46) for the specific
critical effect(s) serving as the basis for the subchronic reference dose (RfD) to more
fully and clearly support applicability of the weight-of-evidence decision to these key
effects (Tier 1 Recommendation). That is to say, scientific support for the human
relevance of the specific critical effect(s) serving as the basis of the subchronic RfD
should be documented in the EPA’s assessment. See additional relevant comments
pursuant to question 7 below.
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Haney Footnote 4: Importantly, this would further risk communication as the public wants
to know about the potential specific, real-world human health consequences of exposure as
opposed to hearing more ambiguous general statements from public health officials that
may be interpreted as not providing real answers in response to their concerns (e.g., PFBA
appears to disrupt the normal gestational and postnatal development of exposed fetuses,
and this disruption is presumed relevant to humans).

3d. Reproductive Effects
It appears that on the whole, the critical available data on reproductive effects and
other noncancer effects are clearly and appropriately synthesized to describe the
strengths and limitations. For reproductive effects, p. 3-49, lines 17-20 state that,
“Given the sparsity of evidence on potential reproductive effects, the relative
insensitivity of the outcome measures (organ weights) in animals, and the largely null
findings, there is insufficient evidence to determine whether PFBA exposure has the
potential to cause reproductive effects in humans (other than the developmental delays
discussed in Section 3.2.3; see Table 3-11).” Table 3-11 is the evidence profile table for
reproductive effects, which among other information documents factors that increase
or decrease certainty (e.g., lack of dose-response) along with evidence stream (i.e.,
human, animal) judgments/rationales and a summary judgment. Notably, the table and
text include no supporting mechanistic evidence or supplemental information, although
including a discussion of relevant information (e.g., conserved biological processes that
inform human relevance of the effects observed) in the text would result in a fuller
description of the strengths and limitations of the available data/information relevant
to reproductive effects (Tier 2 Suggestion). For other noncancer effects, p. 3-51, lines 58 indicate that given the paucity of studies available and the lack of consistent or
coherent effects of PFBA exposure, there is insufficient evidence to determine whether
other noncancer effects (e.g., hematological effects, ocular effects) might represent
potential human health hazards of PFBA exposure. Notably, the text includes no
potentially supporting mechanistic evidence or supplemental information, although
including a discussion of relevant information (e.g., conserved biological processes that
inform human relevance of the limited effects observed) would result in a fuller
description of the strengths and limitations of the available data/information relevant
to other noncancer effects (Tier 2 Suggestion). Despite not including potentially
supporting mechanistic evidence or supplemental information, in this reviewer’s
opinion, the weight-of-evidence decisions for these effects (i.e., reproductive and other
noncancer effects) have been clearly described and are scientifically justified.
Hoberman

3a. Thyroid Effects
For the thyroid effects, the available data has been clearly and appropriately
synthesized to describe the strengths and limitations of the data. Changes in male rats
in the two rat studies were considered appropriate for evaluation, and both show
evidence of “hypothyroxinemia”. Based on a weight-of-evidence approach for
identification of a hazard, the conclusion that the thyroid effects in the two rat studies
appears relevant to humans and supports the possibility of thyroid toxicity in humans at
relevant exposures is clearly described and scientifically justified. In rats the effects on
thyroid hormone levels generally occurred at PFBA exposure levels ≥30 mg/kg-day,
although some notable effects were observed after exposure to 6 mg/kg-day.
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A quantitative comparison of the results in the rat studies to humans is questionable as
it has been reported by the National Academy of Science (NAS) that “rats are much
more sensitive to agents that disturb thyroid function than are humans, so the
relevance of rat studies in quantitative terms to humans is limited.”
Tier 3: Future Considerations
Studies evaluating PFBA effects on neurodevelopment or thyroid measures after
developmental exposure were not identified, thus leaving uncertainty on the potential
for more sensitive developmental effects of PFBA exposure on the thyroid and nervous
systems. However, given that developmental neurotoxicity (due to thyroid hormone
insufficiency) is a concern following exposure to PFBS, it follows that this concern is
relevant to exposure to PFBA during development because of the similarities in thyroid
effects across the two PFAS.
3b. Hepatic Effects
For hepatic effects, the available data have been clearly and appropriately synthesized
to describe the strengths and limitations. On a weight-of-evidence approach for hazard
identification the conclusion that liver effects in rodents appears relevant to humans
and supports the possibility of liver toxicity in humans at relevant exposures is clearly
described and scientifically justified. The conclusion is supported by the data from rats,
mice (humanized and wild type) tested in short-term and subchronic studies, and rats in
a developmental toxicity study.
As noted in the review - Page 3-38 “The available animal evidence for effects on the
liver includes multiple high and medium confidence studies with consistent effects
across multiple species, sexes, exposure durations, and study designs (e.g., exposures
during pregnancy); it exhibits coherence between the effects on liver weights and
histopathology and a clear biological gradient (increasing effect with increasing dose);
and the evidence is interpreted to be relevant to humans. Taken together, the available
evidence indicates that PFBA exposure is likely to cause hepatic toxicity in humans,
given relevant exposure circumstances. This judgment is based primarily on a series of
short-term, subchronic, and developmental studies in rats and mice, generally
exhibiting effects at PFBA exposure levels ≥30 mg/kg-day.”
Tier 2 Suggestion: When comparing rodent to human exposure, the differences in
metabolic pathways between species needs to be considered. The data on exposure
obtained from the mouse used a humanized mouse model. Caution is always required
when using data from a “humanized model” when the humanized model is limited to a
single gene replacement. As noted in the public comments, only a single nuclear
receptor was humanized, and we know that the other nuclear receptors exist in the rat
that can be induced and may lead to hepatocellular hypertrophy. This would not
necessarily lead to a similar effect in humans at similar doses.
- Pages 17/18 “The Draft IRIS Review did not take into account the fact that, in the
humanized PPARα mouse model, only the mouse PPARα receptor was replaced with
human PPARα, while all the other nuclear receptors (such as CAR which has been
shown to be induced in rats administered with 30mg/kg-day PFBA for 90 days)
remained in the native mouse form. This is a plausible explanation of why increased
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hepatocellular hypertrophy was observed in mice expressing human PPARα with PFBA
treatment. Furthermore, similar to PPARα, detailed mechanistic studies in regard to the
hepatic responses have also shown a species-specific difference in CAR functions
between rodents (more susceptible) and humans (less sensitive). Therefore, EPA should
use caution when extrapolating PPARα rodent studies to humans.”
3c. Developmental Effects
For developmental effects, the available data have been clearly and appropriately
synthesized to describe the strengths and limitations. On a weight-of-evidence
approach for hazard identification the conclusion that developmental effects in rodents
appears relevant to humans and supports the possibility of developmental toxicity in
humans at relevant exposures is clearly described and scientifically justified. The
conclusion is supported by the data from studies in mice in which the timing of
developmental milestones including milestones for sexual maturation has been
modified following exposure to PFBA and other structurally related PFAS.
As noted in the review Page 3-45 line 3 “Coherent effects on developmental maturation
were observed in one high confidence study in mice (Das et al., 2008) following in utero
exposure to PFBA”. The developmental effects of PFBA exposure in this study included
delayed eye opening, full-litter resorption, decreased survival, fetal absent testis, and
delays in vaginal opening and preputial separation, although pup growth and body
weight were unaffected. These effects indicate that PFBA appears to disrupt the normal
gestational and postnatal development of exposed fetuses. One factor increasing the
strength of evidence is that effects on the developing fetus (e.g., delayed eye opening,
delays in the development of the male and female reproductive systems) are seen
following exposure to other PFAS, most notably the structurally related compound
perfluorobutane sulfonate (U.S. EPA, 2018b), but other, longer chain PFAS as well.
Following exposure to ≥200 mg/kg-day PFBS (U.S. EPA, 2018b) or 5 mg/kg-day
perfluorooctanoic acid [PFOA; Lau et al. (2006)] or perfluorooctane sulfonate [PFOS; Lau
et al. (2004)], similar delays in eye opening (~1.5 d) were observed in mice.”
Tier 1 Recommendation: Reference to developmental toxicity effects with other PFAS
should be documented in a chart and/or link to a chart/table.
3d. Reproductive Effects
For reproductive effects and other noncancer effects, the available data have been
reviewed. Based on the review of the limited data set it is clear that there is inadequate
evidence to determine if PFBA exposure has the potential to cause any reproductive or
other noncancer effects in humans.
The review properly notes Page 3-49, line 17 “Given the sparsity of evidence on
potential reproductive effects, the relative insensitivity of the outcome measures
(organ weights) in animals, and the largely null findings, there is insufficient evidence to
determine whether PFBA exposure has the potential to cause reproductive effects in
humans (other than the developmental delays).”
Tier 3: Future Considerations – additional studies may prove valuable for these
endpoints.
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3a. Thyroid Effects
Editorial comment: This seems to have been well-done and the rationale for the final
assessment is clearly explained. Perhaps a bit more on the degree to which evidence on
more extensively studied forms of PFAS such as PFOA and PFOS can be “borrowed” for
application to PFBA would be helpful. It would bear on the presumption that the
thyroid effects are relevant to humans
3b. Hepatic Effects
Tier 2 Suggestion: Again, this is a well-reasoned and fully explained section of the
report. The one issue that may call for more comment concerns the absence of
evidence that PFBA affects liver enzymes (ALT, etc.) because that is the one human
health endpoint that has consistently been found to be associated with other forms of
PFAS. My question would be whether that contrast between an absence of an effect for
PFBA in rodents and an apparent effect for PFOA and PFOS for humans has relevance to
the final judgment.
3c. Developmental Effects
Tier 2 Suggestion: While the rationale is well-explained, the tone of the report implies
notably weaker support than for thyroid or hepatic effects. It seems odd to put them
into the same ultimate bin when there is such a sharp contrast in the evidence and even
in the way that the evidence is interpreted and expressed. Perhaps some further
explanation in the body of the report of why, despite the relatively weak support, it
ended up in the same level as the others could be provided.
3d. Reproductive Effects
Given how little work has been done, this is the only possible conclusion.

Zoeller

3a. Thyroid Effects
In general, the weight-of-evidence decisions for hazard identification related to thyroid
effects have been reasonably well justified. Some additional points and areas of
clarification include the following. First, although Butenhoff et al. (Butenhoff et al.,
2012) do not report statistically significant changes in serum TSH related to PFBA
exposure, the coefficient of variation for TSH measurements in controls ranges from
40% to 72% in the two studies this group reports. This means that detecting relatively
small changes in serum TSH is difficult with this assay assembled from the reagents
provided by the NIH Pituitary Program. It is more likely, as pointed out in the Agency
report, that the effect of PFBA exposure on thyroid histology reflects an increase in
serum TSH that was not detected in this assay.
Tier 2 Suggestion. Consider evaluating the issue of the TSH assay using the reagents
characterized in the Butenhoff studies and rather than emphasize the comparison with
“hypothyroxinemia” (a clinical term that doesn’t translate perfectly to animal studies),
describe the situation as one in which serum T4 is low and TSH levels have increased.
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Second, there is an argument that PFBA produces effects in animals that would not be
germane to humans based on the concept that this chemical is a PPARα agonist, and
that PPARα agonists have different effects in humans than in rats. First, there is good
evidence indicating that PFBA is a PPARα agonist in both mouse and human (Foreman
et al., 2009). The data provided showing the up regulation of enzymes that are
regulated by PPARα in wildtype mice and mice carrying a human PPARα are strong
evidence that the mouse data are relevant to humans. Moreover, a recent paper
provides direct evidence that PFBA binds to human PPARδ with a relatively strong (nM)
binding constant (Khazaee et al., 2021), supporting the Agency’s conclusion that PFBA
exerts a PPARα-independent effect. It should be noted that there are many potential
mechanisms of PFBA effects on the liver that are PPARα-independent. However, it is
not clear how this is related to the observed reduction in serum total and free T4.
Certainly, thyroid hormone signaling is important for normal development and for the
control of metabolism and physiology in rats and in humans (Zoeller and Rovet, 2004;
Rovet, 2014; Stagnaro-Green and Rovet, 2016b). Thus, the observed measures in rats of
thyroid disruption are important to consider for their applicability in humans.
Third, there are very important examples of thyroid toxicants that exhibit a profile of
hormone effects that are similar to that observed with PFBA. But it should be
emphasized that it is important to discriminate between “thyroid function” and
“thyroid hormone action”. Butenhoff et al. (Butenhoff et al., 2012) report that PFBA
decreases both serum total and free T4. In addition, free T4 was measured using
equilibrium dialysis, so it should be considered a reliable measure that is not
confounded by potential changes in serum binding proteins for thyroid hormones.
Moreover, Butenhoff et al. show that PFBA increases the expression of ME and
decreases the expression of Dio1 mRNAs in liver. These data are clearly counterintuitive
in that they indicate that TH action in the liver is increased by PFBA, despite the
decrease in serum total and free T4. This, too, is highly reminiscent of the effects of PCB
and PBDE exposure on TH signaling in which measures of TH action indicate an increase
in TH action in the liver despite a reduction in serum total and free T4 (Giera et al., 2011;
Bansal et al., 2014). In the case of PCBs, this pattern of effects on serum hormones and
gene expression in the liver was coincident with a complex pattern of effects on thyroid
hormone action in brain (Zoeller et al., 2000; Bansal and Zoeller, 2008). Finally,
Butenhoff et al. report that PFBA exposure also decreases serum cholesterol (Table 7)
and thyroid hormone is known to reduce serum cholesterol in rodents and humans
(Mullur et al., 2014). Although paradoxical in that PFBA reduces serum total and free T4
while the liver appears to be responding to increased thyroid hormone action, it is
recommended that the Agency incorporate all measured endpoints of thyroid hormone
action in their analysis (Tier 2 Suggestion).
Tier 2 Suggestion. The Agency should consider broadening the scope of thyroid
hormone-regulated endpoints to include these measures of liver function. Although it is
currently not understood how a toxicant can suppress serum thyroid hormones while
simultaneously producing effects reflecting an activation of thyroid hormone action in
liver, the pattern is well-documented and similar to the effects of well-known thyroid
toxicants.
Fourth, a decrease in serum total and free T4 is very clearly associated with
developmental and physiological deficits. In both humans and experimental animals,
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low TH is related to permanent neural and cognitive deficits (e.g., (Zoeller and Rovet,
2004; Rovet, 2014; Stagnaro-Green and Rovet, 2016a)). This is likely to be true for
several (if not all) organs including heart, bone, lung and intestine (Bizzarro and Gross,
2004; Bassett et al., 2007; Mochizuki et al., 2007; Wexler and Sharretts, 2007). Much of
the experimental literature on this topic makes use of models of severe hypothyroidism
(Crofton et al., 2005; Crofton and Zoeller, 2005). However, graded effects of thyroid
hormone insufficiency have become the focus of increased attention in experimental
systems (Gilbert et al., 2020). This experimental interest reflects the degree to which
subclinical hypothyroidism should be viewed as a disease state (Cooper, 2001). Thus, a
preponderance of information indicates that even a small degree of thyroid hormone
insufficiency is associated with cognitive deficits in children (Haddow, 2005; Rose et al.,
2006; Nakamizo et al., 2007; Oerbeck et al., 2007; Korevaar et al., 2016).
Tier 2 Suggestion. Consider documenting more fully the sensitivity of the human brain
to thyroid hormone insufficiency. While this would not alter the choice of study and
endpoints for an RfD derivation, it may strengthen the support for this choice.
In addition, there is increased understanding of genetic deficits in specific proteins
related to the thyroid hormone system that should be considered in the context of
environmental chemicals. For example, a mutation in the beta thyroid hormone
receptor receptor that mediates the negative feedback effect of T4 on TSH secretion
results in elevated T4 and elevated or normal TSH (Pappa and Refetoff, 2021) and is
associated with a phenotype of attention deficits (Uter et al., 2020). Because the alpha
thyroid hormone receptor is normal, these patients also exhibit symptoms of
hyperthyroidism (e.g., high blood pressure and tachycardia) (Pappa and Refetoff, 2021).
Another important situation is that of children with Allan-Herndon-Dudley syndrome. In
this case, there is a mutation in the T3-specific transporter, MCT8, but the only
biochemical marker of thyroid disruption is elevated serum T3. However, these children
clearly suffer from a lack of TH action in the nervous and musculo-skeletal system
(Armour et al., 2015; Masnada et al., 2022). Thus, it is important to pay attention to
environmental chemicals that produce a counter-intuitive effect on serum TH levels and
measures of TH action if we have no information about their ability to interfere with
these proteins important in delivering thyroid hormone to the proper targets at the
proper time.
Tier 2 Suggestion. Thus, it is suggested that the Agency perhaps consider a broader
context of PFBA impacts on the thyroid system as revealed in the data published by
Butenhoff et al. (2012) and as illustrated by the broader literature.
3b. Hepatic Effects
The Agency’s conclusion that PFBA exposure is likely to cause hepatic effects in humans
given relevant exposure circumstances appears well-developed and justified. The work
of Foreman et al. (Foreman et al., 2009) convincingly shows that PFBA can activate
PPARα in mouse and human using wild type, PPARα-null and “humanized PPARα” mice.
In addition, Khazaee et al. (Khazaee et al., 2021) reported direct evidence that PFBA
binds to PPARδ with relatively high affinity (nM range). The developmental study of Das
et al. (Das et al., 2008) provides further evidence of a liver effect – as well as
developmental effects. Although hepatocellular hypertrophy is not necessarily adverse,
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the Agency’s conclusion that PPARα-independent mechanisms are also involved in the
observed liver effects is reasonable and well-justified. The observation of hepatocellular
vacuolation in PPARα-null and humanized PPARα mice support the conclusion that
hepatic effects include PPARα-independent mechanisms and is relevant to humans.
Further, the use of this measure as a predictor of adverse outcome is also supported by
the Agency’s report.
3c. Developmental Effects
The study of Das et al. (Das et al., 2008) was used to inform the Agency about the
developmental effects. This study reported effects of PFBA on litter resorption, delay in
eye opening, vaginal patency, and preputial separation. Because PFBA – and other PFAS
– can reduce serum thyroid hormone, it is possible that PFBA could produce adverse
developmental effects by reducing the delivery of thyroid hormone to the fetus is solely
dependent on thyroid hormone from the mother. This is an important consideration,
although it has not been shown empirically. Recent studies also demonstrate the
accumulation of PFAS in the human fetus (Bjorvang et al., 2021; Cao and Ng, 2021)
suggesting that humans are exposed to PFBA.
3d. Reproductive Effects
Tier 2 Suggestion: A recent study by Ou et al. (Ou et al., 2021) indicates that some PFAS
may increase the risk of heart defects. Given that the last literature review appears to
be 2018, it is recommended that the Agency re-visit this conclusion.
3.4

Appendix A (Systematic Review Protocol for the PFBA PFHxA, PFHxS, PFNA, and PFDA IRIS
Assessments) identifies the human relevance of hepatic effects in animals that involve
peroxisome proliferator-activated receptor alpha (PPARα) receptors as a key science
issue 2. To the extent supported by the PFBA literature (and to a lesser extent, literature for
other PFAS), the Toxicological Review evaluates the evidence relevant to the potential
involvement of PPARα and non-PPARα pathways with respect to the reported hepatic
effects. The Toxicological Review ultimately concludes evidence from in vivo and in vitro
studies support that multiple modes of action (MOA) are operant in the induction of
hepatic effects by PFBA exposure and the relative contribution of these different MOAs
cannot be concluded with confidence from the available data. Please comment on whether
the available animal and mechanistic studies support this conclusion and whether the
analysis presented in the Toxicological Review is clearly documented.

Reviewer

Comments

The PFAS Systematic Review Protocol identifies five key science questions: (1) possible toxicokinetic differences across
species and sexes, (2) the human relevance of effects in animals that involve PPARα activation, (3) potential
confounding by other PFAS exposures in epidemiology studies, (4) the toxicological relevance of changes in certain
urinary and hepatic endpoints in rodents, and (5) characterizing uncertainty due to missing chemical-specific data).
Three of the questions are most pertinent to the Toxicological Review of PFBA. Key science question 1 is addressed in
Charge Questions 9.a and 9.b, Key science question 2 is addressed in Charge Questions 3.b and 4, and Key science
question 4 is addressed in Charge Question 6.c.
2

46

Final Post-Meeting Comments

Task Order 68HERH20F0407, Contract EP-C-17-017

Faustman

Animal and mechanistic studies are presented and integrated in a manner that explains
why the separate contributions of the PPAR alpha and non-PPAR alpha MOAs are not
able to be separated and one MOA proposed. There was complexity with the
responses seen in the PPAR null mice and the humanized PPAR alpha mice studies.
Interpretation of these different MOAs also got complicated as the different target
tissues in these studies have complex integrations across more than one PPAR
receptor. For example, reproductive effects usually include a discussion of the PPAR
gamma receptors important in development and maturity. Because there are so few
studies for PFBA, it was difficult to separate these receptor pathways. The EPA did a
great job in describing these complications.

Fisher

To date, I think this is the correct interpretation, multiple MOAs appear plausible.
More information is needed on the MOA for the hepatic effects of PFBA.

Georgopoulos

The available in vitro and animal studies are indeed consistent with the conclusion that
multiple modes of action (MOA) are operant in the induction of hepatic effects by PFBA
exposures and the relative contribution of these different MOAs cannot be concluded
with confidence. Clearly, there are many issues that need to be explored; as an
example, the in silico/in vitro study of Khaaze et al. (2021) measured unexpectedly high
binding affinities of PFBA with PPAR-delta, a finding that, to my knowledge has not
been assessed yet with respect to its implication for mechanistic hypotheses.
Tier 1 Recommendation (already included in the response to Charge Question 1):
incorporate the hepatic effects presented in the Weatherly et al. (2021) study prior to
finalizing this Toxicological Review.

Haney

The available animal and mechanistic studies support the conclusion that multiple
MOAs are operant in PFBA-induced hepatic effects and that the relative contributions
of different MOAs to the various hepatotoxic effects cannot be accurately ascertained
from the available data. Furthermore, in this reviewer’s opinion, the relevant analysis
presented in the Toxicological Review appears documented with clarity in the
Mechanistic Evidence and Supplemental Information section (pp. 3-30 through 3-35)
and the Evidence Integration Summary section (pp. 3-35 through 3-38). For example, in
vitro studies demonstrate that PFBA activates PPARα in both rodent and human cell
lines (p. 3-31), and one study (Foreman et al., 2009) provided evidence that oral PFBA
exposure elicits toxicological effects (e.g., increased liver weight, hepatocellular
hypertrophy) in humanized PPARα (hPPARα) mice with similar effects on hypertrophy
and more lesions at lower doses in hPPARα mice compared to wild-type mice (p. 3-32).
On the other hand, another study that investigated the activation of PPARα and
pregnane X receptor (PXR) in the livers of exposed neonatal mice (Das et al., 2008)
showed that the expression of genes associated with PPARα and PXR was not increased
in the livers of neonatal male and female mice, suggesting that the increased liver
weights in these animals were associated with a non-PPARα or PXR MOA. The
document also discusses additional evidence from other PFAS (e.g., PFOS, PFOA, PFHxS,
PFNA, PFDA) that suggests the operation of non-PPARα MOAs in liver toxicity (p. 3-33).
These are just a few examples of the relevant information presented in the Mechanistic
Evidence and Supplemental Information section. Text in the Evidence Integration
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Summary section (p. 3-37, lines 15-31) summarizes some salient points [emphasis
added]:
“Thus, multiple lines of evidence, taken as a whole, indicate that the liver toxicity
observed in rodents due to PFBA exposure is likely adverse, relevant to humans,
and dependent on multiple biological pathways (i.e., both PPARα-dependent and
independent pathways). Even considering a PPARα-only MOA, human PPARα is
observed to be activated by PFBA exposure in vitro, and evidence in humanized
PPARα mice (increased liver weight and increased hepatocellular hypertrophy,
which is observed to be more severe than that in wild-type mice) indicates the
PPARα-mediated components of the undefined MOA(s) appear relevant to human
toxicity, given the effects are observed in animals with human PPARα receptors.
Further, the existing evidence base also supports the operation of PPARαindependent pathways for other hepatotoxic effects, given the direct observation
of increased vacuolation in PPARα null mice in response to PFBA exposure, an
observation also occurring in humanized PPARα mice. Even in the absence of
PPARα activity, hepatic toxicity occurs that is possibly the precursor to more
clearly adverse liver disease (e.g., steatohepatitis, fibrosis, and cirrhosis). Thus,
although there is uncertainty in relating the sensitivity of hepatic changes
observed in rodents to humans given the generally decreased sensitivity of
human responses to PPARα agonism, evidence from PFBA studies and studies on
other PFAS indicates that PPARα alone cannot be identified as the exclusive MOA
for PFBA-induced liver effects.”
Furthermore, the relative contributions of multiple possible MOAs to the different
hepatoxicity endpoints cannot be confidently determined from the data available.
As documented and presented clearly in the Toxicological Review, taken together,
relevant scientific information supports the overall conclusion of the Mechanistic
Evidence and Supplemental Information section (p. 3-35):
“Overall, evidence specific to PFBA and from other potentially relevant PFAS
provides support for both PPARα dependent and independent pathway
contributions to hepatic toxicity, and further, that activation of humanized PPARα
by PFBA can likewise result in hepatic effects of concern. Additionally, application
of the recommendations from Hall et al. (2012) clearly supports the conclusion
that the multiple and interconnected effects observed in the livers of exposed
animals meet the criteria for adversity.”
Hoberman

The systematic review identifies relevant evidence to the potential involvement of
PPARα and non- PPARα pathways with respect to hepatic effects of PFBA and other
PFAS. The available animal and mechanistic studies are clearly documented, and the
conclusion is supported.
As noted in the review Page 3-36 line 34, one characteristic of the evidence base for
PFBA is the sparsity of chemical-specific mechanistic data to inform the human
relevance of the observed increases in liver weight and hypertrophic lesions in rats and
mice. In the one study that does provide chemical-specific information, PFBA exposure
to wild-type and hPPARα mice increased both liver weights and hepatocellular
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hypertrophy. Only wild-type mice were observed to develop focal necrosis, possibly
indicating that activation of PPARα was a necessary step in the MOA for developing
this lesion. Hepatic focal necrosis, however, was not observed in any group (wild-type,
hPPARα, or PPARα null mice) exposed to the positive control (the PPARα activator Wy14,643) in wild-type mice. Further, increased vacuolation was reported only in PPARαnull and hPPARα mice, an observation consistent with in vivo evidence for longer chain
PFAS (Das et al., 2017). This observation (increased vacuolation) in PPARα-null and
humanized mice indicates that lipid accumulation in the liver occurs, at least in part,
through a PPARα-independent mechanism, and that either the lack, or attenuated
activity, of PPARα-induced lipid catabolism is not sufficient to overcome the increased
accumulation. This strongly suggests a complementary or multifaceted MOA for
development of PFBA-induced hepatic effects. Indeed, based on evidence from other
PFAS chemicals, non-PPARα mechanisms relevant to hepatic effects are apparent. In
vivo and in vitro studies of PFOA, PFOS, PFDA, and PFNA demonstrate that PFAS
exposure can activate PPARγ, CAR, and PXR (Abe et al., 2017; Das et al., 2017; Zhang et
al., 2017; Beggs et al., 2016; Buhrke et al., 2015; Rosen et al., 2013) and that activation
of these receptors results in the hepatic effects observed in PPARα null mice. Thus,
multiple lines of evidence, taken as a whole, indicate that the liver toxicity observed in
rodents due to PFBA exposure is likely adverse, relevant to humans, and dependent on
multiple biological pathways (i.e., both PPARα-dependent and independent pathways).
Even considering a PPARα-only MOA, human PPARα is observed to be activated by
PFBA exposure in vitro, and evidence in humanized PPARα mice (increased liver weight
and increased hepatocellular hypertrophy, which is observed to be more severe than
that in wild-type mice) indicates the PPARα-mediated components of the undefined
MOA(s) appear relevant to human toxicity, given the effects are observed in animals
with human PPARα receptors. Further, the existing evidence base also supports the
operation of PPARα-independent pathways for other hepatotoxic effects, given the
direct observation of increased vacuolation in PPARα null mice in response to PFBA
exposure, an observation also occurring in humanized PPARα mice. Even in the
absence of PPARα activity, hepatic toxicity occurs that is possibly the precursor to more
clearly adverse liver disease (e.g., steatohepatitis, fibrosis, and cirrhosis). Thus,
although there is uncertainty in relating the sensitivity of hepatic changes observed in
rodents to humans given the generally decreased sensitivity of human responses to
PPARα agonism, evidence from PFBA studies and studies on other PFAS indicates that
PPARα alone cannot be identified as the exclusive MOA for PFBA-induced liver effects.
Lastly, independent of conclusions regarding PPARα as the MOA, consideration of the
recommendations from Hall et al. (2012) also supports a determination that the
observed hepatic effects in rodents are relevant to humans. Hall et al. (2012) indicates
coincident histological evidence of liver injury/damage can be used to support the
conclusion that liver weight/hypertrophic effects are adverse. That PFBA induces a
constellation of effects in the liver, including increased liver weight, hypertrophy,
vacuolation, and necrosis is clear from the in vivo evidence in rodents. Therefore,
according to Hall et al. (2012), these coincident effects are consistent with the
conclusion that PFBA-induced liver effects in rodents meet the criteria for adversity.
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Editorial comment: I do not have the expertise to comment on the level of support
based on the animal and mechanistic evidence but appreciate that this is an important
issue.
Tier 2 Suggestion: Because the entire report rests on animal-to-human extrapolation,
to the extent that there are mechanisms in animals known not to apply to humans, this
should be explained and factored into the report.

Zoeller

3.5

The Agency’s Review does a reasonable job of evaluating the evidence that multiple
modes of action are operant in the induction of hepatic effect produced by PFBA. The
Agency’s conclusion that PPARα-independent mechanisms are also involved in the
observed liver effects is reasonable and well-justified. The observation of
hepatocellular vacuolation in PPARα-null and humanized PPARα mice support the
conclusion that hepatic effects include PPARα-independent mechanisms and is
relevant to humans. Further, the use of this measure as a predictor of adverse
outcome is also supported by the Agency’s report.

The draft assessment concludes there is inadequate evidence to assess carcinogenic
potential for PFBA and that this descriptor applies to oral and inhalation routes of human
exposure. Please comment on whether the available animal and mechanistic studies, and
the analysis presented in the Toxicological Review, support this conclusion.
Reviewer

Faustman

Comments
Carcinogenicity -- (Section 3.3, Page 3-53)
No cancer studies were identified. Crebelli et al, 2019 was noted as a study that
investigated PFBA genotoxicity in male mice only and did not report any evidence for
DNA damage in testis cells by Comet assay or micronucleus formation in reticulocytes
and spleen lymphocytes after a drinking water exposure for 5 weeks at 5 mg/kg body
weight. Note that no dose information was provided in the report however this should
be added here (Editorial level suggestion). Note that no dose information was provided
in the report however this should be added here. See reviewer additions above in
yellow. (Also note that no DOI number was included in the Bibliography for this report
PMID:31071380DOI: 10.1016/j.yrtph.2019.05.005).
Tier 1 Recommendation Unlike the other sections with limited data, no discussion was
included in the Carcinogenicity section about how other studies of PBFA related
compounds could or could not inform the data gaps for Carcinogenicity or genotoxicity.
(Note that Crebelli et al did test PFOA at 3 doses in this same study for example). This
reviewer would request that EPA include a short section to address this missing
component in a manner similar to the other sections of the report.

Fisher

There is not enough data to claim that PFBA has carcinogenic potential.
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Georgopoulos

The Toxicological Review did not identify any human or animal studies suggesting the
potential for PFBA exposures to cause genotoxicity or cancer. Therefore, the conclusion
that there is inadequate evidence to assess carcinogenic potential for PFBA for either
oral or oral inhalation exposure, is appropriate.

Haney

Yes, the available animal and mechanistic studies along with the analysis presented in
the Toxicological Review support the conclusion that there is inadequate evidence to
assess carcinogenic potential for PFBA. As indicated in Section 3.3 of the document, no
human or animal studies were available to inform the potential for PFBA exposure to
cause cancer. Only one study (Crebelli et al., 2019) investigated PFBA-induced
genotoxicity, and no evidence of DNA damage or micronucleus formation was observed
in male mice exposed to PFBA via drinking water for 5 weeks. This information, and the
apparent lack of other relevant data for PFBA (e.g., epidemiological or laboratory
animal carcinogenicity studies), amount to inadequate evidence to assess carcinogenic
potential of PFBA for either the oral or inhalation routes of exposure.

Hoberman

It is noted in the review Page 3-53 “No human or animal studies were available to
inform the potential for PFBA exposure to cause genotoxicity or cancer.” Therefore, the
conclusion that the carcinogenic potential of PFBA could not be assessed based on
inadequate evidence is supported by the Toxicological Review. This applies to exposure
by the oral or inhalation routes in humans.

Savitz

Editorial comment: There is essentially no informative literature on this topic and
therefore they have reached the only possible conclusion.

Zoeller

The evidence that PFBA is carcinogenic is sparse and continues to be sparse according
to a recent review of PFAS and cancer (Steenland and Winquist, 2021). Most of the
evidence focuses on PFOS and PFOA. A recent primary study also evaluated the
tumorigenic activity of a number of PFAS (Pierozan et al., 2022). It is recommended that
the Agency incorporate new studies into their Review, although the data will continue
to be sparse for PFBA (Tier 2 Suggestion).

3.6

For PFBA, no RfC was derived. The Butenhoff et al. (2012) 90-day rat study was the study
chosen for use in deriving the RfD on the basis of an increased incidence of hepatocellular
hyperplasia and decreased total T4 in male rats. Is the selection of this study and these
effects for use in deriving the RfD for PFBA scientifically justified?
a. If so, please provide an explanation.
b. If not, please provide an alternative study(ies) or effect(s) that should be used to
support the derivation of the RfD and detail the rationale for use of such an alternative.
c. As part of the recommendations in “a” or “b” above, please comment on whether the
effects selected are appropriate for use in deriving the RfD, including considerations
regarding adversity (or appropriateness in representing an adverse change) and the
scientific support for their selection. More specifically, Appendix A identifies
interpreting the adversity of certain outcomes observed in rodents, including some
51

Final Post-Meeting Comments

Task Order 68HERH20F0407, Contract EP-C-17-017

hepatic effects, as a key science issue. Please consider in your recommendation the
narrative in the Toxicological Review related to the decision that the observed
hepatocellular hypertrophy, when considered within the broader constellation of
effects, is representative of an adverse change in the organ.
d. Given the lack of studies on inhalation exposure to PFBA, no reference concentration
(RfC) is derived. Please comment on this decision.
Reviewer
Faustman

Comments
6a. The selection of Buttenhoff et al 2012 sub chronic study was justified for developing
an RfD for PFBA. First of all, it was confirmed as a high confidence study and really one
of the few studies available to make such evaluations. Section 5.2 Noncancer Toxicity
Values (Page 5-1), Section 5.2.1 Oral Reference Dose (RfD) Derivation (Page 5-1) and
Study Selection (Page 5-1) provided details and clear rationale for the choice of
benchmark response levels by biological endpoint. Please see my earlier comments on
Section 1. 5 Tier 1 Recommendation: this section could benefit from discussion of other
carcinogenicity studies across the structurally related perfluorinated compounds.
Adding a comparative table here would be instructive.
6b. Not applicable
6c. These points are summarized in Table 5-2 (Page 5-5) and this reviewer agrees with
the rationale provided. Selection of these levels was done using biological evidence as
well as consistency in agency guidance for evaluating such endpoints. A good example
of this is seen with the discussions on choice of decreased total T4 levels using a BMR of
1 standard deviation. The rationale includes discussion of published papers on how a
decrease of 10-25% of thyroid levels in human and animal studies has been shown to be
associated with neurodevelopmental impacts and that a decrease of T4 of 13% in the
Butenhoff et al 2012 corresponds with a 1 SD BMR. Such rationale is provided in detail
for the other selected endpoints and summarized in Table 5-2 (Page 5-5).
Rationale for the choice of the increased liver hypertrophy at 10% extra risk is primarily
a statistical rationale in this table due to absence of a Biologically based BMR as this
was not considered a “frank” effect but rather an effect that indicated PFBA impacts
that could affect human health. Please see my further discussion of the biological
impact of this endpoint in question 4 above and for Appendix A.
This reviewer agrees with the decision of IRIS Report to include the observed
hepatocellular hypertrophy and was convinced of their importance due to presentation
of PPAR alpha and humanized PPAR alpha studies. Because at least a portion of the
responses are non PPAR alpha based responses this reviewer agrees with the IRIS
report that additional characterization on these non-PPAR alpha dependent responses
is needed prior to a designation of results in the liver as non-human relevant.
6d. This reviewer agrees that no inhalation studies were identified of sufficient quality
to include. The initial section of the IRIS report does mention that inhalation exposures
are present but oral and water routes are of primary interest. Is this a situation where a
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PPRTV would be useful to calculate if this is in the IRIS purview? This could be done
using TK and TD models to estimate relevant doses for PPRTV type values.
Fisher

Yes, Buttenhoff et al 2012 subchronic study is the right selection for an RfD based on
decreased serum T4 levels in male rats and liver effects. Please include thyroid
histopathology.
6a. Yes, many pages on this topic. Usually, an industry funded study quality is high
quality because the intent is to use these data in the regulation of the chemical.
6b. [no response provided, see 6a]
6c. I am not a liver person, so I cannot provide an expert opinion. I defer to other panel
members.
6d. With some uncertainty, if a PFBA PBPK model existed or perhaps a PFBA
compartmental model, route-to-route extrapolation (of systemic effects) could be
undertaken (Tier 3 Future Consideration). As it stands now with no PBPK model the
inhalation route cannot be readily addressed for derivation of a RfC.

Georgopoulos

The following statement on page 3-37 (lines 31-37) and page 3-38 (lines 1-2) in the
Toxicological Review, is a reasonable synopsis and justification of the rationale for
selecting the Buttenhoff et al. (2012) study in deriving the PFBA RfD on the basis of an
increased incidence of hepatocellular hyperplasia and decreased total T4 in male rats:
"...consideration of the recommendations from Hall et al. (2012) also support a
determination that the observed hepatic effects in rodents are relevant to
humans. Hall et al. (2012) indicates coincident histological evidence of liver
injury/damage can be used to support the conclusion that liver
weight/hypertrophic effects are adverse. That PFBA induces a constellation of
effects in the liver, including increased liver weight, hypertrophy, vacuolation, and
necrosis is clear from the in vivo evidence in rodents. Therefore, according to Hall
et al. (2012), these coincident effects are consistent with the conclusion that
PFBA-induced liver effects in rodents meet the criteria for adversity."
Finally, the decision to not derive a reference concentration (RfC) is justified, given the
lack of studies on inhalation exposures to PFBA.

Haney

6a. It appears and is assumed that the first sentence above should refer to
hepatocellular “hypertrophy” and not “hyperplasia”. In brief, selection of the Butenhoff
et al. (2012) rat study is scientifically justified for derivation of the RfD. An RfD is
typically a chronic/lifetime value, and Butenhoff et al. (2012) is both a high confidence
study and the only one to include at least a subchronic (90-day) exposure regimen. As
documented in Table 5-8 (p. 5-20), characteristics that make it suitable for deriving
toxicity values include the relevance of the exposure paradigm (route, duration, and
exposure levels), use of a relevant species, and the study size and design.
In regard to critical effect(s), as discussed in Section 5.2.1 of the document, hepatic
effects in laboratory animals such as increased liver weight in conjunction with
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hepatocellular hypertrophy are judged by the EPA to be relevant to human health as
evidenced by the observation of increased liver weights and increased hepatocellular
hypertrophy in mice expressing human PPARα (hPPARα) and increased vacuolation in
hPPARα and PPARα null mice. This suggests a multifaceted MOA for liver effects
consisting, in part, of non-PPARα mechanisms (noting that activation of human PPARα
by PFBA also results in hepatic changes). Additionally, the observation of vacuolation in
hPPARα and PPARα null mice indicates that observed effects are possible precursors to
adverse downstream effects such as steatohepatitis, fibrosis, and cirrhosis5 (see Haney
footnote below).
While the overall pattern of liver effects observed in PFBA-exposed animals
are judged by the EPA to be adverse, relevant to human health, and appropriate to
consider for RfD derivation, most importantly and specifically, the critical hepatic effect
cited above (i.e., increased incidence of hepatocellular hypertrophy) appears to meet
these criteria, at least when considered with certain concomitant effects. That is to say
that importantly, recommendations of the Hall et al. (2012) paper were considered by
the EPA in assessing the adversity of observed hepatic effects (see comments on 6c
below).
Decreased thyroid hormone levels, also discussed in Section 5.2.1, are judged by the
EPA as relevant to human health given similarities in the production, regulation, and
functioning of thyroid hormones between rodents and humans. Furthermore, Section
3.2.1 (p. 3-16) notes that the overall pattern of decreased hormone levels with
corresponding alterations in tissue weight and histopathology in the absence of an
increase in thyroid stimulating hormone (TSH) is consistent with the human clinical
condition referred to as “hypothyroxinemia”. Decreases in thyroid hormone levels were
considered more relevant for deriving an RfD than increases in thyroid follicular
hypertrophy and hyperplasia, for which rodents are more sensitive than humans. Most
specifically, for effects on T4, total T4 was chosen for dose-response modeling over free
T4 due to the lack of control group data for free T4 (given insufficient volume for the
assay). These decisions are scientifically justified, as is the ultimate decision to use the
most sensitive sex (males) for critical effects.
Haney Footnote 5: Vacuolation (i.e., the accumulation of lipids) is an important precursor
event in the development of steatosis, which itself is a precursor to other adverse conditions
such as steatohepatitis, fibrosis, and cirrhosis (p. 5-14, lines 27-29).

6b. No applicable comments. See comments on 6a above and 6c below.
6c. As previously indicated in comments on 6a above, in this reviewer’s opinion, the
critical effects selected are appropriate for use in deriving the RfD. There is scientific
support for the adversity of the selected effects, and relevant information is presented
in the document. In regard to adversity, importantly, recommendations of the Hall et al.
(2012) paper were considered by the EPA in assessing the adversity of observed hepatic
effects. For example, as discussed in the document, Hall et al. (2012) suggests that
coincident histological evidence of liver injury/damage be used to support the
conclusion that the liver weight increases/histological changes (i.e., hypertrophy) are
adverse. In discussing sufficiently supporting histological evidence, Hall et al. (p. 988 of
the study) differentiate between macrovesicular vacuolation (considered non-adverse)
and microvesicular vacuolation. The EPA points out that this pattern of vacuolation,
microvesicular vacuolation, is precisely what Foreman et al. (2009) observed in hPPARα
mice exposed to PFBA (p. 3-34, lines 31-32). The EPA also points out that necrosis,
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another histological change that Hall et al. identify as sufficient supporting evidence,
was observed in wild-type mice in Foreman et al. (2009). The EPA appears to reasonably
conclude that according to Hall et al. (2012) recommendations, the observation of liver
weight increases, hypertrophy, microvesicular vacuolation, and necrosis across wildtype and hPPARα mice is consistent with a determination that these interconnected
PFBA-induced liver effects meet the criteria for adversity.
The decreased thyroid hormone (e.g., total T4) levels observed also appear relevant to
human health given, for example: (1) the similarities in the production, regulation, and
functioning of thyroid hormones between rodents and humans; and (2) the overall
pattern of decreased hormone levels with corresponding alterations in tissue weight
and histopathology in the absence of an increase in TSH is consistent with the human
clinical condition known to as “hypothyroxinemia”.6 In regard to (1), the EPA notes that
rodents are considered a good model for evaluating the potential for thyroid effects in
humans (Zoeller et al., 2007). In regard to (2), the EPA further notes that adverse
neurological outcomes have been demonstrated following hypothyroxinemia during the
early neonatal period with no changes in T3 or TSH (Crofton, 2004). Thus, decreased
total T4 also appears to be an appropriate basis for derivation of an RfD6 (see Haney footnote
below)
. Hypothyroxinemia has been defined in humans as a low percentile value of serum
free T4 (ranging from the 2.5th percentile to the 10th percentile of free T4), with a TSH
level within the normal reference range (p. 3-18).
Haney Footnote 6: Hypothyroxinemia has been defined in humans as a low percentile value
of serum free T4 (ranging from the 2.5th percentile to the 10th percentile of free T4), with a
TSH level within the normal reference range (p. 3-18).

6d. The decision not to derive an RfC is justified. As stated on p. 5-25, lines 21-22, “No
published studies investigating the effects of subchronic, chronic, or gestational
exposure to PFBA in humans or animals have been identified. Therefore, an RfC is not
derived.” In addition to the lack of these inhalation studies, there is an apparent lack of
a validated physiologically based pharmacokinetic (PBPK) model for PFBA for
consideration of route-to-route (i.e., ingestion-to-inhalation) extrapolation. P. xv, lines
2-3 state, “no physiologically based pharmacokinetic (PBPK) models exist to allow a
route-to-route extrapolation.” Consequently, the EPA has provided rationale for not
deriving an RfC for PFBA. Additionally, oral exposure (i.e., through drinking water and
food preparation) is likely to represent the far greater concern for most people, and any
actions required to mitigate exposure through the oral route pursuant to the RfD (e.g.,
reducing drinking water concentrations) will also serve to reduce potential inhalation
exposure.
Hoberman

The selection of the Butenhoff et al (2021) 90-day rat study was scientifically justified
for use in deriving the RfD for PFBA.
6a. This study was appropriate to use based on the high confidence of the data from
the study and the clear effects of increased hepatocellular hyperplasia and decreased
total T4 in male rats.
6b. NA
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6c. Interpretation of the hepatic effects observed in the rodents as a key scientific issue
is a very conservative approach, but it is an appropriate interpretation. It should be
noted that a less conservative approach could also be justified.
The conclusion is in contradiction with Hall et al. (2012), Liver hypertrophy: a review of
adaptive (adverse and non-adverse) changes--conclusions from the 3rd International
ESTP Expert Workshop Toxicologic Pathology, Vol 4 (7) 971. The results of this workshop
concluded that hepatomegaly as a consequence of hepatocellular hypertrophy without
histologic or clinical pathology alterations indicative of liver toxicity was considered an
adaptive and a non-adverse reaction. Tier 2 Suggestion: As with any evaluation, this
conclusion should be reached by an integrative weight of evidence approach.
In addition, as noted in the public comments, “the Draft IRIS Review did not take into
account the fact that, in the humanized PPARα mouse model, only the mouse PPARα
receptor was replaced with human PPARα, while all the other nuclear receptors (such
as CAR which has been shown to be induced in rats administered with 30mg/kg-day
PFBA for 90 days) remained in the native mouse form. This is a plausible explanation of
why increased hepatocellular hypertrophy was observed in mice expressing human
PPARα with PFBA treatment. Furthermore, similar to PPARα, detailed mechanistic
studies in regard to the hepatic responses have also shown a species-specific difference
in CAR functions between rodents (more susceptible) and humans (less sensitive). Tier 2
Suggestion: Therefore, EPA should use caution when extrapolating PPARα rodent
studies to human
6d. It would be difficult to derive a reference concentration without any studies on
inhalation exposure to PFBA. Some information on hazard can be noted from the
testing of other similar compounds.
Tier 3: Future Considerations – inhalation studies may be appropriate.
Savitz

Based on the information provided and explanation of the reasons, it does seem that
this decision is scientifically justified. While I do not have the needed knowledge to
interpret the toxicology studies, the report appears to offer a clear and persuasive
rationale for these key decisions.
6d. Editorial comment: Given the absence of research, this is the only possible
conclusion.

Zoeller

3.7

6a. The Butenhoff study (Butenhoff et al., 2012) is a reliable study as far as it went for a
single study. The hepatic and thyroid effects are both important indicators of adverse
effects in humans and the data are relevant to human health. These issues were
developed for both thyroid and liver more fully above.

In addition, for PFBA, an RfD for less-than-lifetime (“subchronic”) exposures is derived. No
“subchronic” RfC was derived. The study chosen for use in deriving the subchronic RfD is
the gestational exposure mouse study by Das et al. (2008) with the RfD based on delayed
acquisition of developmental milestones, as indicated by delayed time to vaginal opening,
eye opening, and preputial separation in exposed male and female offspring. Is the
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selection of this study and these effects for the derivation of the subchronic RfD for PFBA
scientifically justified?
a. If so, please provide an explanation.
b. If not, please provide an alternative study(ies) or effect(s) that should be used to
support the derivation of the subchronic RfD and detail the rationale for use of such an
alternative.
c. As part of the recommendations in “a” or “b” above, please comment on whether the
effects selected are appropriate for use in deriving the RfD, including considerations
regarding adversity (or appropriateness in representing an adverse change) and the
scientific support for their selection.
d. Given the lack of studies on inhalation exposure to PFBA, no “subchronic” RfC is
derived. Please comment on this decision.
Reviewer
Faustman

Comments
7a. There is a need to develop a sub chronic RfD and the study of Das et al 2008 is the
logical choice for that development.
7b. This reviewer did not see other alternative studies.
7c. From the Das et al 2008 paper there are four outcomes that were evaluated in the
report: embryo/fetal mortality, delayed eyes opening, delayed vaginal opening and
delayed preputial separation. The later three outcomes are signals of developmental
delay. The delayed vaginal opening and preputial separation are delayed outcomes
associated with delayed puberty markers (in female and male pups respectively) and
are considered as significant indicators that there may be hormonal immaturity/
insufficiency. Thus, they are sentinels of possible endocrine disruption and markers of
adversity. Note that no functional reproductive toxicity assessments are available that
would follow these impacts in the F1 generation and determine the ramifications of
these effects. Such observations in humans and in animals are of concern and should, as
reported, be considered as adverse changes. Several mechanisms could be speculated
as being involved and would include both PPAR alpha as well as non-PPAR dependent
pathways including PXR. This adds to the evaluation of these endpoints as being
relevant for humans. These endpoints should be used to develop RfDs.
The presence of the delay in eye opening is another indicator of developmental delay
and since no functional neurodevelopmental assays were identified, the longer-term
consequences of this signal remains unclear. Tier 1 Recommendation: Insert a small
paragraph stating how inclusion of this endpoint would change or not change the RfD.
(See other comments about the potential for this to disrupt neurodevelopment in
public comments).
Please note that these changes occurred in the absence of frank maternal toxicity
markers such as body weight change or mortality. Body weight changes reported were
evaluated to account for increasing weight due to gestational changes and balanced
against resorption losses. Because of interest in both pre and post-natal loss following
pregnancy exposures with related perflorinated compounds referred to in the PFBA
report, the percentage of total reabsorbed litters is especially interesting and of
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toxicological concern in the Das et al 2008. It was unclear why this endpoint was not
evaluated as a sub chronic RfD.
This reviewer was surprised that the cumulative endpoint of: Total affected implants
was not reported or evaluated. Tier 1 Recommendation: The PFBA report should add a
paragraph discussing further several of the decisions to not look at the endpoint of all
affected, why the Rai and Van Ryzin model was not used and discuss the importance of
looking at this cumulative endpoint. This paragraph should specifically discuss whether
these suggestions would have changed the calculation of the sub chronic RfD.
These additions are important as the resorbed conceptus is not available for full
gestational evaluation and thus can result in the underestimation of the impact of PFBA
if assessments are done as separate outcomes. In this suggested paragraph, the report
should specifically state why the Rai and Van Ryzin model (a conditional probability
design model) within the USEPA Benchmark dose methodology was not considered for
modeling these in utero impacts.
Tier 1 Recommendation: There is a need to add a paragraph that expands the
discussion of what the lack of a functional reproductive or neurodevelopmental
assessment means for the application of the current uncertainty factors in this
incomplete toxicological assessment package. The signals from the Das et al 2008 study
should raise concern of this lack and require additional assessment of what this wide
spread environmentally relevant compound and metabolic common breakdown
product means to the overall IRIS assessment report across the structurally related
perfluorinated compounds.
7d. This reviewer was not aware of any informative studies that could be used for such
a development of an RfC.
Please see my comment also for lack of development of other inhalation values for
public health (cancer endpoints). I made this suggestion due to lack of studies and high
levels of uncertainty for such estimates that IRIS consider if development of a PPRTV
could be a possible option (i.e. if part of their remit) to provide at a small amount of
help for public health agencies.
Fisher

7a. The Das study is the only study available for use.
7b. There is no other study available.
7c. The toxicity findings reported in the Das et al study should be used for an RfD
determination.
7d. I agree with the decision not to calculate a subchronic RfC.

Georgopoulos

The selection of the gestational exposure mouse study by Das et al. (2008) with the RfD
based on delayed acquisition of developmental milestones (delayed time to vaginal
opening, eye opening, and preputial separation in exposed male and female offspring)
is scientifically justified. The rationale for the selection of these effects is adequately
presented and explained in Chapter 5 (Derivation of Toxicity Values) of the Toxicological
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Review. Also, the decision to not derive a subchronic RfC is the only reasonable option
since no available inhalation exposure studies have been identified.
Haney

7a. In brief, selection of the Das et al. (2008) study is scientifically justified for derivation
of the subchronic RfD. The RfD based on Butenhoff et al. (2012) is derived to be healthprotective for chronic/lifetime exposure, and a subchronic RfD based on developmental
effects resulting from a shorter exposure duration (gestational days 1 to 17) in Das et al.
(2008) will provide a useful risk assessment complement to the chronic RfD, furthering
risk assessment and risk communication. Moreover, Das et al. (2008) is a high
confidence study with good endpoint sensitivity (Figure 2-2), and the only high quality
developmental study available in humans or laboratory animals. Both chronic and
subchronic RfDs should be protective of adverse effects occurring due to shorter-term
exposure, such as the developmental effects observed in Das et al. (2008) that provide
a basis for the subchronic RfD. As documented in Table 5-8 (p. 5-21), characteristics that
make it suitable for deriving RfD values include the relevance of the exposure paradigm
(route, duration, and exposure levels), use of a relevant species, and the study size and
design.
As noted in comments under 3c, while information contained within the document
provides information to justify use of certain observed developmental effects in mice
for derivation of the subchronic RfD (e.g., delays in eye opening), the EPA should
consider improving scientific justification (e.g., expanded to other developmental
effects) to the extent possible, particularly for the critical effect (Tier 1
Recommendation). Most of the information provided concerns delayed eye opening (p.
5-3, lines 21-32) and full-litter resorption/pre-natal mortality (pp. 5-3 and 5-4), with
only “conserved biological processes” (Table 3-10) and a quote from EPA guidance
(USEPA 1996) used to justify use of other developmental effects (p. 5-3, lines 19-21)7 (see
Haney footnote below).
While Table 3-10 states that “in the absence of evidence to the
contrary, the developmental effects observed in mice are considered relevant to
humans based on conserved biological processes”, the text of the document contains
little-to-no discussion of: the conserved biological processes between mice and humans
that the EPA considers relevant to the observed developmental effects (e.g., for
delayed vaginal opening and preputial separation), whether the mouse has been shown
to be a good laboratory animal model for assessing potential human developmental
effects, or what human developmental endpoints (e.g., delayed onset of puberty) may
be presumed to be correlates of some of the PFBA-induced developmental effects
observed in the single mouse study (e.g., delays in vaginal opening and preputial
separation in Das et al. 2008). In regard to adversity considerations, while the
assessment (p. 3-43, lines 8-9) states that “preputial separation was delayed by 2.3 days
at 350 mg/kg-day although vaginal opening was delayed 3.3 and 3.6 days (175 and 350
mg/kg-day, respectively)”, the cited EPA guidance indicates in part [emphasis added]
that while “adverse reproductive outcomes have been reported in rodents when
puberty is altered by a week or more… the biologic relevance of a change in these
measures of a day or two is unknown” (p. 49, USEPA 1996). Additional discussion of the
topics mentioned above would inevitably lead to a more complete scientific
justification. Again, in the document there appears to be some paucity of relevant
mechanistic information or information on the conserved biological processes causing
the developmental effects observed in mice to be considered relevant to humans.
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Without such discussions sufficiently supporting human relevance in Section 3.2.3, the
weight-of-evidence decision applied to some developmental effects is not fully
documented as scientifically justified (e.g., for human relevance, the developmental
assessment in some cases appears to rely on “the absence of evidence to the contrary”
in lieu of supporting scientific information/justification). Expanded human relevance
information/discussions on developmental effects in the document should concentrate
on the critical effect(s) serving as the basis for the subchronic RfD and also be added to
the Evidence Integration Summary (currently pp. 3-45 and 3-46) to more fully and
clearly describe relevant scientific bases for the weight-of-evidence decision and
subchronic RfD (Tier 1 Recommendation).
Haney Footnote 7: EPA’s Reproductive Toxicity Guidelines (U.S. EPA, 1996) states that
“[s]ignificant effects on … age at puberty, either early or delayed, should be considered
adverse…” and thus supports considering these endpoints for reference value derivation.

7b. No comment is likely needed. See comments on 7a above and 7c below.
7c. As discussed above in comments on 7a, information contained within the document
provides information to justify use of certain observed developmental effects for
derivation of the subchronic RfD, although the EPA should consider improving scientific
justification (to the extent possible) for certain effects (e.g., delays in vaginal opening
and preputial separation). Most of the information provided relevant to adversity
concerns delayed eye opening (p. 5-3, lines 21-32) and full-litter resorption/pre-natal
mortality (pp. 5-3 and 5-4), with only “conserved biological processes” (Table 3-10) and
a quote from EPA guidance (USEPA 1996) used to justify use of other developmental
effects (p. 5-3, lines 19-21). Accordingly, the document supports use of delayed eye
opening and embryo/fetal mortality more strongly than other developmental effects.
While these effects provide candidate subchronic RfD values similar to that selected for
the proposed final subchronic RfD, delays in vaginal opening observed in Das et al.
(2008) apparently provides the most specific basis for that value (Table 5-10, p. 5-24),
the adversity of which does not appear to be fully addressed in the document (Tier 1
Recommendation). Thus, there is relevant information presented in the document to
scientifically support the adversity of certain candidate critical developmental effects,
but not necessarily the critical effect ultimately selected for determination of the
proposed subchronic RfD value.
Accordingly, in this reviewer’s opinion, scientific justification should be improved (to the
extent possible) for the adversity of the specific critical effect used in setting the
proposed subchronic RfD. Section 3.2.5.3 (Adverse Effects) of relevant USEPA (1996)
guidance (p. 49) indicates that “included as adverse effects for females should be
effects on… age at vaginal opening…”, and while the delays in vaginal opening observed
in Das et al. (2008) and cited in the draft assessment (3.3 and 3.6 days) are less than the
≥ 1 week alterations in puberty cited in the EPA guidance (p. 49, USEPA 1996) as
associated with adverse reproductive outcomes, the delays observed are greater than
the 1-2 day delays for which biological relevance is cited as unknown (p. 49, USEPA
1996). As an example of relevant non-EPA guidance, Section 5.3.6 of the European
Centre for Ecotoxicology and Toxicology of Chemicals’ (ECETOC) Guidance on Evaluation
of Reproductive Toxicity Data (ECETOC 2002) indicates that the level of concern is high
for changes in time to preputial separation and vaginal opening that are not accounted
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for by bodyweight (p. 36). That document also cites an ILSI (1999) comment relevant to
this endpoint [emphasis added]:
"In general, delays in preputial separation as in vaginal opening that are
accompanied by delays in the onset of other developmental markers likely
suggest an overall effect on growth and development. Delay in these events in the
absence of effects on body weight or other developmental marks suggest a
specific effect on the development of the prepuce or vagina or the endocrine
control of pregnancy. Effects on preputial separation or vaginal opening in a
developmental or reproductive toxicity study should be considered as adverse for
human health risk assessment, particularly if the effect is irreversible such as
results from permanent malformation.”
By contrast, the Organisation for Economic Co-operation and Development’s (OECD)
Guidance Document on Mammalian Reproductive Toxicity Testing and Assessment
(OECD 2008, pp. 35-36) indicates [emphasis added] that, “Assessment of the onset of
puberty in females is done by inspection of vaginal opening. In rats, this occurs around
postnatal day 30-35. Although the rat is the most common species employed in
reproductive toxicity studies it is worth noting that age at vaginal opening is not an
index of puberty in the mouse, in this case investigators would have to use age at first
estrus.” These are just a few examples of the types of guidances or other information
that the EPA should consider for use in more fully documenting the adversity of the
critical effect for the subchronic RfD (the subject of a Tier 1 Recommendation above).
7d. The decision not to derive a subchronic RfC is justified. To reiterate, it is stated on p.
5-25 (lines 21-22) that “No published studies investigating the effects of subchronic,
chronic, or gestational exposure to PFBA in humans or animals have been identified.” In
addition to the lack of these inhalation studies, apparently there is no validated PBPK
model for PFBA for consideration of route-to-route (i.e., ingestion-to-inhalation)
extrapolation. It is stated on p. xv (lines 2-3) that “no physiologically based
pharmacokinetic (PBPK) models exist to allow a route-to-route extrapolation.”
Consequently, the EPA has provided rationale within the document for not deriving a
chronic or subchronic RfC for PFBA. Additionally, oral exposure (i.e., through drinking
water and food preparation) is likely to represent the far greater concern for most
people, and any actions required to mitigate exposure through the oral route pursuant
to the chronic or subchronic RfD (e.g., reducing drinking water concentrations) will also
serve to reduce potential inhalation exposure.
Hoberman

The use of the gestational exposure mouse study by Das et al. (2008) is scientifically
justified.
7a. This conclusion is based on consistent findings across PFAS
As noted in the review, Page 3-45, line 10, one factor increasing the strength of
evidence is that effects on the developing fetus (e.g., delayed eye opening, delays in the
development of the male and female reproductive systems) are seen following
exposure to other PFAS, most notably the structurally related compound
perfluorobutane sulfonate (U.S. EPA, 2018b), but other, longer chain PFAS as well.
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7b. NA
7c. The effects observed (delayed acquisition of developmental milestones) with PFBA
and other PFAS only appear to occur in the next generation from gestational exposure
but are relevant to the selection of an RfD as women of childbearing potential (WOCBP)
are exposed to PFBA and other PFAS, and the half-life for each exposure is relatively
long. Human exposure will be occurring in women during a critical window of gestation,
prior to when most women will be aware that they are pregnant.
7d. It would be difficult to derive a reference concentration with out any studies on
inhalation exposure to PFBA. Some information on hazard can be noted from the
testing of other similar compounds.
Tier 3 recommendation: Future work on functional deficits that may be occurring from
exposure to PFAS would be useful.
Savitz

Editorial comment: Again, I lack the expertise in toxicology to comment in detail, but
this does seem to put a lot of stock in a single study. It seems that there are no other
studies available, but for such an important issue, it would seem that there is a decision
to be made between judging the evidence as insufficient versus using the limited
research that is available.

Zoeller

7a. There are few studies of the developmental effects of PFBA. The study by Das (Das
et al., 2008) is relevant to the Agency’s review, although the endpoint measures of
developmental effects are relatively few. The observed delay in eye opening is
consistent with a reduction in serum T4 during the perinatal period. Sui and Gilbert (Sui
and Gilbert, 2003) showed that eye opening was significantly delayed on postnatal day
16 in animals treated with the goitrogen PTU sufficient to cause about a 70% reduction
in serum T4 in the pups. This is consistent with data obtained by others (Gamborino et
al., 2001; Brosvic et al., 2002). In addition, the observed delay in vaginal opening and
preputial separation are consistent with the interpretation of adverse outcome as
developed in this Review.

3.8 EPA used benchmark dose modeling (USEPA, 2012) to identify points-of-departure (PODs)
for oral exposure to PFBA. Are the modeling approaches used, selection and justification of
benchmark response levels, and the selected models used to identify each POD for toxicity
value derivation scientifically justified?
Reviewer
Faustman

Comments
This reviewer enthusiastically supports the use of the Benchmark dose modeling from
USEPA, 2012 to identify points-of- departure (PODs) for PFBA. I am not neutral on this
subject and have numerous publications on this topic including a set of publications
evaluating an extensive collection of NTP reproductive and developmental studies (with
hundreds of endpoints and across multiple relevant species) that describe in detail
methods that are described in this report and have formed a part of the evidence basis
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for the benchmark modeling approaches used in the USEPA, 2021 report but now are
applied for assessment of PFBA. Well done.
Fisher

I looked over the POD calculations and assumptions used. I believe the EPA did justify
their methods. I am not an expert in BMD.

Georgopoulos

The BDM (benchmark dose modeling) approaches used to calculate each POD for
toxicity value derivation (including model and benchmark response level selection) are
scientifically justified and clearly presented in Chapter 5 (Derivation of Toxicity Values)
of the Toxicological Review.
According to Appendix D of the Toxicological Review, EPA’s Benchmark Dose Software
version 3.1.2 (BMDS 3.1.2) was used to calculate PODs for both dichotomous and
continuous noncancer data. Since the new release of this software tool (BMDS 3.2)
includes “preview” versions of Bayesian continuous models (and a model averaging
option for calculating PODs) it would be very informative to re-calculate the PODs for
the PFBA data sets with the Bayesian models and compare with the values presented in
the current draft of the Toxicological Review. (I realize that the BMDS 3.2 release is
accompanied by the statement “The preview Bayesian continuous models have not
been formally reviewed and approved by the EPA for risk assessment purposes,” but
application to the PFBA data sets offers an opportunity to test and evaluate these
models, which would eventually be a necessary step in their formal approval process). It
should be recognized that implementing integrative Bayesian frameworks combining
toxicokinetic modeling with benchmark dose calculations (e.g. Chou & Lin, 2020) will
gradually progress from the research realm to the regulatory realm, and testing useroriented tools such as BMDS will facilitate this process.
Tier 3 Future Consideration: Compare the POD estimates contained in the current draft
of the Toxicological Review with estimates calculated using the Bayesian continuous
models in BMDS 3.2

Haney

Generally, the modeling approaches, model selection process, and benchmark response
levels used to derive PODs for toxicity value derivation are scientifically justified. Use of
benchmark dose modeling to the extent possible, guided by standard statistical model
fit criteria (+ visual inspection) for model selection, is essentially standard scientific
procedure inside (and outside) EPA.8 (see Haney footnote below) Additionally, overall, reasonable
scientific justifications for the benchmark responses (BMRs) utilized are provided in
Table 5-2 (p. 5-6). For example, a 10% increase in liver weight has generally been
considered a minimally biologically significant response and continues to be used as the
BMR for this effect (Hall et al. 2012 was also considered in selection of this endpoint),
while the severe effect of embryo/fetal mortality justifies use of a 1% extra risk, and a
BMR equal to 1 standard deviation is generally used for continuous endpoints when
biological information is not sufficient to identify the BMR (e.g., for decreases in T4).
While “delays in vaginal opening greater than or equal to 2 d have been used previously
to define biologically relevant responses (U.S. EPA, 2013)”, which is cited as consistent
with the 5% relative deviation BMR used, the EPA should seek to strengthen the BMR
justification for this endpoint beyond historical precedence (to the extent possible)
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given that it is ultimately the critical effect used in determining the value of the
proposed final subchronic RfD (Tier 2 Suggestion).
A possible exception to scientifically justified model selection might be the Weibull
model selected for liver hypertrophy in male rats (Table D-16, p. D-31). Specifically, the
POD for liver hypertrophy in male rats (BMDL10 of 5.38 mg/kg-day) may be
unreasonably low compared to the actual study dose-response data as there was a 0%
incidence at 6 mg/kg-day, and even at 30 mg/kg-day the incidence was only 9% (Table
D-15, p. D-31). The EPA should consider using results from the viable alternative logistic
model (Table D-16), which has the same Akaike’s information criterion value (AIC of
8.5017) and p-value (1.0000) as the selected Weibull model, a similar BMD10 value
(23.4727 mg/kg-day vs. 25.2757 mg/kg-day for the Weibull model), but a BMDL10 value
(8.4278 mg/kg-day) that appears to better agree with the actual study data (Tier 2
Suggestion). That is, the BMDL10 value (8.4278 mg/kg-day) from the logistic model is
slightly higher than the NOAEL (6 mg/kg-day) with a 0% incidence while still
conservatively being 3.6-fold lower than the actual dose (30 mg/kg-day) associated with
a 9% incidence, and it still could be said that a model with the lowest AIC was selected
(Table D-16).
Haney Footnote 8: Adequacy of model fit was judged on the basis of goodness-of-fit pvalue (p > 0.1), scaled residuals at the data point (except the control) closest to the
predefined benchmark response (absolute value <2.0), and visual inspection of the model
fit. Among all models providing adequate fit, the benchmark dose lower confidence limit
(BMDL) from the model with the lowest Akaike’s information criterion (AIC) was selected as
a potential POD when BMDL values were sufficiently close (within threefold). Otherwise,
the lowest BMDL was selected as a potential POD (pp. D-1 and D-2).

Hoberman

The modeling approaches as outlined in the Table 5-4 (Page 5-12) in the review and
used for selection and justification of benchmark response levels and the selected
models used for each POD for toxicity derivation are scientifically justified.

Savitz

I do not have the expertise needed to comment on this issue.

Zoeller

This is not an area of activity that I have enough experience to comment.

3.9 Appendix A identifies the potential for toxicokinetic differences across species and sexes as
a key science issue and lays out a hierarchy for using relevant toxicokinetic data in
extrapolating doses between laboratory animals and humans. Given what is known and not
known about the potential interspecies differences in toxicokinetics of PFBA, EPA used the
ratio of human-to-animal serum clearance values to adjust the POD to estimate a human
equivalent dose in the derivation of the respective RfDs.
a. Is applying the ratio of human-to-animal serum clearance values for PFBA scientifically
justified? If not, please provide an explanation and detail on a more appropriate
approach.
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b. Do the methods used to derive toxicity values for PFBA appropriately account for
uncertainties in evaluating the toxicokinetic differences between the experimental
animal data and humans?
Reviewer
Faustman

Comments
9a (Page 5-7 Line 22 to Page 5-9, line11)
No PBPK model is available for PFBA nor are there direct measures of clearance values
for the humans from the toxicokinetic study on PBFA by Chang et al, 2008. Given the
limited toxicokinetic information on PFBA it is appropriate to use a ratio of human-toanimal serum clearance value for PFBA and the Diametric adjustment factor (DAF). This
section clearly delineates the rationale to support the use of the ratio method in the
absence of actual PBPK models. It also provides the sequence of equations that support
this calculation from study parameters. Part of this rationale depends upon the
assumption of a linear range of low-level exposure and internal dose response in an
analogous manner as allometric scaling. This reviewer was convinced by these
discussions. Please note that our review comments overall identify the potential to look
at using dosimetrically adjusted doses rather than just a ratio of the clearance values.
This could be considered to see if such calculations would make significant differences
(Tier 2 Suggestion).
Appendix C provided additional toxicokinetic information in support of Dose-Response
Analysis including graphs of most of the half-lives for PFBA and measurement details
across the identified studies. (e.g. for the Chang et al 2008 studies, and the models used
from Li et al 2018). Appendix C also provided limited additional information on the
occupational exposure human data for 7 to 10 days PK observations mentioned Page C7, Lines 7 to 14).
9b. Appendix C provided details on how rat, mice and humans differ in their
toxicokinetic and when available included discussion of what was known about other
species data (e.g. monkey data). This information was presented in a manner so that
the importance of these differences was clear for how this would affect considerations
of the toxicokinetic for PFBA. This reviewer found these discussions to be adequate
except for one area. During pregnancy, there are many pregnancy related kinetic
changes including the amount of serum binding proteins can change, as can the Vd.
There was minimal discussion on how these exposures during this life stage might affect
the toxicokinetic of PFBA and in particular how these might affect extrapolated
toxicokinetic parameters across the various studies (i.e. for gestational exposure
periods). Other discussions about the toxicokinetic were clear and when PFBA specific
information was not available the text described what default assumptions were made
and how impactful that assumption might be.
Note: in responding to Question 9 this reviewer also saw a few points that should be
considered from Section 3 of the report that also discussed toxicokinetics. Please feel
free to use or ignore these related comments on toxicokinetics from Section 3.1
Toxicokinetic, Evidence Synthesis and Evidence Integration
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Toxicokinetics
Pages 3-7 (Lines 35-38) to 3-8 (Lines 1 to 14) This reviewer agrees with EPA’s decision to
not use the BW to the 3/4th power as the default application. This was a rationale
decision, documented in the IRIS document and one that is conservative (protective) in
the face of uncertainty.
Pages 3-8 to 3-9 Summary statement Good use of PK data and discussion on primate
versus rodent relevance to human PK estimates. Also, comparisons of PK for PFBA with
PFOA and PFOS data was well done but could be expanded.
Appendix C. Pages C.1- C. 8--This reviewer is concerned that there is a lack of cited (and
perhaps published) kinetic data on half-lives of excretion especially for 28- or 90-day
exposures. Several ideas come to mind—expand this search for publications and
expand the exploration of PFBS as a break down product from other perfluorinated
kinetic studies. This section does look at Russell et al 2015 which looks at PFBS as a
metabolite of FTOH but with limited informative output. This is an active area of recent
research and would be a targeted area for updating. I see this as a Tier 3 Future
Considerations: future reports could respond to this consideration by frequently
updating and examining other existing data sets across the 5 structurally related PFAS
compounds to determine if additional data has been published that could be relevant
and could inform this PFBA case.
Fisher

9a. Given the nature of the human pharmacokinetics data reported in the Chang et al.
2008 study this may be all that can be done. After reading and evaluating the data in
Chang paper there are too many challenges to make better use of the limited human
occupational exposure data. One important point, suggested by this study, is that PFBA
has a relatively short half-life compared to PFOA, so it will not accumulate over months
or years of exposure. However, PFBA will not be cleared from the body each day.
Complete clearance could take 2-3 weeks, and as a consequence, there will be modest
daily accumulation until a quasi-steady state is reached, if someone is exposed each
day. To calculate the human clearance value (CL), non-human primate volume of
distribution values was used with an estimated half-life in humans taken from Chang et
al. 2008). This seems reasonable given the lack of human data. However, this
calculation only works when the pharmacokinetics of PFBA is linear. The EPA scientists
were careful to constrain their analyses to lower PFBA doses that are presumably below
the saturating conditions for protein transporters. There is ample PK evidence in
rodents that protein transporters in the kidney or liver result in non-linear kinetic
behavior. This is discussed in various parts of the document. The methods used by EPA
provide an approximation for adults by using a ratio of a calculated Human CL: Animal
CL. I like this idea.
Another approach to help justify or strengthen the animal to human extrapolation is to
use kidney filtration (GFR). PFBA is primary excreted in urine, unmetabolized, so one
can take advantage of this physiological parameter and even consider using this
parameter for other life stages. Table 5-3, Human PFBA CL value is estimated to be 4.95
ml/hr/kg and the human GFR is ~108 ml/hr/kg. Cynomolgus monkey GFR= 183 ml/hr/kg
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and the PFBA CL in males and females are 89.3 and 62.9 ml/hr/kg. Double check my
calculations.
The human PFBA CL /GFR =0.046 and the monkey CL PFBA CL /GFR = 0.49 for males and
0.34 for females. This disparity between GFR and CL may be caused by serum protein
binding and/or protein transporter recirculation. This acid has a low pKa suggesting that
it will exist in the ionized state in the body and be susceptible to binding and
/transcellular movement by protein transporters. These excretion comparisons could be
compared to other PFASs where data exist. These analyses may be insightful for
characterizing the degree of renal/hepatic reabsorption and ultimately increase the
confidence in the calculated human CL. Please evaluate the use of glomerular filtration
rate (GFR) as a clearance mechanism for use in extrapolation across species and for life
stage extrapolations (Tier 1 Recommendation).
9b. The occupational exposure data from Chang et al. 2008 provide important insights
into the pharmacokinetic behavior of PFBA. While the data are not robust for
calculating pharmacokinetic parameters, the EPA uses a half-life that is sufficiently long
to encompass MOST adults from the study. Show how the half lives were determined
with the data and the logic for selecting a specific value (Tier 2 Suggestion). There were
no Monte Carlo methods employed to put bounds on the toxicokinetic differences
between animals and humans. For the thyroid the HPT axis in humans is quite different
than rats.
Georgopoulos

The importance of interspecies differences in toxicokinetic processes is correctly
recognized in the Toxicological Review. Applying the ratio of human-to-animal serum
clearance values for PFBA is scientifically justified and definitely a more appropriate
choice than scaling doses allometrically using body weight (BW)3/4 methods.
Toxicokinetics of PFAS are driven by processes such as serum protein binding and renal
reabsorption, and these processes can differ dramatically between rodents and
humans. The methods that are used to derive toxicity values for PFBA account for
uncertainties in evaluating the toxicokinetic differences between the experimental
animal data and humans. However, the Toxicological Review should provide some
further clarity regarding the phases of clearance and the assumptions of linearity it
adopts. For example, the average blood concentration that results from a given dose is
calculated via Equation 5-1 “assuming the exposure being evaluated is low enough to
be in the linear (or first-order) range of clearance” (page 5-7, lines 26-27). This
assumption is expected to be true in most cases; however, it should not lead to the
conclusion that there is a “universal” PFBA biological half-life value, as predicated by
linear kinetics. In fact, the Toxicological Review in describing findings from the only
available PFBA toxicokinetic study (Chang et al. 2008) states that (page 5-11, lines 2628) the “results for both male and female mice show a dose-dependent increase in
clearance across all dose levels, consistent with the hypothesis of saturable renal
resorption.” Furthermore (page 3-6, lines 3-4) “Cynomolgus monkeys […] displayed a
clear biphasic excretion pattern, with a rapid decline in the initial (α) phase and a slower
decline in the second (β) phase.”
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Tier 1 Recommendation: The sections on PFBA toxicokinetics on pages 5-7 to 5-10
should discuss and clarify the consistency of linearity assumptions with the presence of
saturation processes.
Haney

9a. Yes, the EPA appears to have used a reasonable, scientifically-informed approach
given what is known, and unknown, about potential interspecies differences in the
toxicokinetics of PFBA. In the absence of human data from which clearance (CL) can
directly be estimated (e.g., data are available on human β-phase half-life (t0.5), but
apparently not α-phase t0.5 or volume of distribution (Vd) and CL = 𝑉𝑉d × 𝑙𝑙𝑙𝑙(2)/t0.5),
statements on lines 18-22 of p. 3-9 are reasonable in indicating that “one can
reasonably anticipate that Vd in humans is similar to that in other primates based on the
similarity in physiology and assumptions common to PBPK modeling. This similarity is
illustrated on the basis of PBPK models for PFOA and PFOS (Loccisano et al., 2011), from
which Vd in humans is predicted to be within 7% of the value for monkeys for those two
PFAS. Thus, this choice seems appropriate for estimating human clearance of PFBA.”
The use of chemical-specific, empirical data for PFBA should generally be preferred over
less chemical-specific-data-informed alternatives (e.g., body weight0.75 scaling).
Although OECD (2010) guidelines state that a minimum of four animals per sex per dose
should be used, only three monkeys per sex were used, so the EPA used the average Vd
for both males and females (incorporating data from six animals) as an estimate for this
value in humans. This appears to be a reasonable and scientifically supportable choice
given the available data, its limitations, and other considerations (e.g., general
preference for chemical-specific data and primate if not human data, the greater
potential uncertainty of alternatives such as generic allometric scaling based on body
weight0.75). Discussion relevant to scientific justification of the EPA’s approach (e.g.,
hierarchy of scientific approaches; chemical-specific, data-informed approach details
and comparison to default BW0.75 scaling) is also provided in the Approach for AnimalHuman Extrapolation of Perfluorobutanoic Acid (PFBA) Dosimetry subsection of Section
5.2.1 (pp. 5-7 through 5-10).
As an additional comment, p. 3-8, lines 3-7 state [emphasis added], “For example, EPA’s
Recommended Use of Body Weight 3/4 as the Default Method in Derivation of the Oral
Reference Dose (U.S. EPA, 2011) does not mention serum binding; it does include
references related to VOCs, drugs, and overall metabolism (with metabolism a
significant component in the clearance of many other toxic chemicals) but does it cite
papers evaluating the pharmacokinetics of PFAS.” The italicized portion above does not
seem to make sense and appears to need revision/clarification (non-tiered suggestion).
9b. Yes, the method used by the EPA for interspecies toxicokinetic (TK) adjustments in
deriving RfDs appears to account for associated uncertainties by limiting them. That is,
it appears that the chemical-specific, data-informed TK extrapolation method
associated with the least uncertainty was used. Discussion relevant to the uncertainties
associated with TK extrapolation options is provided by the EPA, and consideration of
the alternatives provides justification for the EPA’s method. Most specifically, the
uncertainties are discussed in the Uncertainty of Animal-to-Human Extrapolation of
PFBA Dosimetry subsection of Section 5.2.1 (pp. 5-10 through 5-12). For example, an
alternative approach to using the ratio of clearance values for animal:human dosimetric
adjustments is to use the measured serum concentrations from toxicological studies as
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BMD modeling inputs and then use the estimated human clearance values to calculate
the human equivalent dose. This approach is deemed by the EPA to have greater
uncertainty though because in addition to the uncertainty in using end-of-exposure
serum concentrations not reflective of average exposures, this approach would also
have the same uncertainty associated with the human clearance value itself (i.e., the
assumption that human and monkey volumes of distribution are equal and the
uncertainty in the human half-life). While other sources of uncertainty are also
discussed by the EPA (e.g., use of oral versus intravenous administration in determining
rat clearance values) and perhaps the evaluation/discussion could be improved (e.g., to
the extent possible, use of study-specific rodent body weights in deriving BW0.75-based
scaling factors for comparison), ultimately, the ratio of clearance values was chemicalspecific, data-informed, and considered to have less uncertainty than either serum
concentration-based BMD modeling or use of default allometric dosimetric
adjustments. Additionally, use of the ratio of clearance values is consistent with a
somewhat more conservative approach compared to body weight scaling in the face of
uncertainty. Consequently, in this reviewer’s opinion and as documented in the draft
assessment, the methods used to derive toxicity values for PFBA limit uncertainty in
interspecies TK extrapolation, which is the most scientifically appropriate approach.
Hoberman

9a. The application of the ratio of human-to-animal serum clearance values for PFBA
was scientifically justified.
9b. The methods used to derive toxicity values for PFBA appropriately accounted for
uncertainties in evaluating the toxicokinetic differences between experimental animal
data and humans. This conclusion is based on the continued use of a conservative
approach that considered the liver hypertrophy as adverse. It should be noted that a
chronic exposure study of PFBA is not available for review.

Savitz

This seems like a reasonable approach to account for what is perhaps the most
dramatic difference across species, namely in the clearance rates. While there are
undoubtedly others, this is better documented than most (for other forms of PFAS) and
should be highly relevant.
Tier 2 Suggestion: The only caveat is that under a steady-state exposure to humans,
e.g., drinking contaminated water, the bioaccumulation would depend on the half-life
but no matter how quickly it’s cleared, it is steadily replaced. That is, humans don’t
receive a single dose and stop being exposed, so slow or rapid clearance would be less
influential than in the typical laboratory situation. This could be explained in the report,
indicating how the steady-state exposure to humans bears on the evaluation.

Zoeller

9a. Given the data available to the Agency, applying the ratio of human-to-animal
serum clearance values for PBFA is reasonable and the Agency has clearly articulated
the scientific justification of this approach.
9b. This is developed in below.
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3.10 EPA has evaluated and applied where appropriate uncertainty factors to account for
intraspecies variability (UFH), interspecies differences (UFA), database limitations (UFD),
duration (UFS), and LOAEL-to-NOAEL extrapolation (UFL) for PFBA.
a. Has uncertainty been adequately accounted for in the derivation of the toxicity values?
Please describe and provide suggestions, if needed.
b. For uncertainty in interspecies differences (UFA), a value of 3 is applied to extrapolate
between effects in laboratory animals and in humans. Although PPARα dependence
might support a value of UFA = 1 if that were the sole mode of action, evidence for nonPPARα MOAs is available in the PFBA (and larger PFAS) database. Thus, uncertainty
remains regarding the potential differences in sensitivity across species due to the
involvement of both PPARα-dependent and PPARα-independent mechanisms. Further,
data are lacking to determine with confidence the relative contribution of these
competing MOAs. As such, the Toxicological Review concludes the available data are
not adequate to determine if humans are likely to be equally or less sensitive than
laboratory animals with respect to the observed hepatic effects and that a value of UFA
= 3 is warranted to account for the residual uncertainty in toxicodynamic differences
across species. Please comment on whether the available animal and mechanistic
studies support this conclusion and whether the analysis presented in the
Toxicological Review is clearly documented.
c. For uncertainty in extrapolating from subchronic to chronic exposure scenarios (UFS),
a default value of 10 is applied. The assessment concludes there is conflicting evidence
on whether effects manifest at lower exposure levels or are more severe at equivalent
exposure levels when comparing findings across short-term and subchronic exposure
durations. Thus, to account for the potential for some effects to worsen with longer
durations of exposure (subchronic vs. short-term) and the lack of data on whether
effects from subchronic exposures might worsen in a chronic exposure scenario, a UFS
= 10 is applied in the Toxicological Review. Does the provided scientific rationale
support this decision? Please explain.
d. To inform uncertainty in intraspecies variability (UFH), the assessment evaluates and
considers the available evidence on potential susceptibility to PFBA within different
populations or lifestages, including any potential human health impacts from early life
exposure. Are the available information and data appropriately considered and the
resultant UFH values scientifically justified and clearly described?
e. Does the provided scientific rationale support the application of the remaining
uncertainty factors (UFL, UFD)? Please explain.
Reviewer
Faustman

Comments
10a. This IRIS report does an excellent and detailed description of how uncertainty is
applied in the PFBA assessment.
10b. This reviewer believes that non-PPAR alpha pathway responses occur after PFBA
exposure and that the EPA does an excellent job of discussing these points in the text
and calling for a UFA greater than 1. These conclusions are supported by the complexity
of responses reported by the studies that used a variety of experimental approaches to
identify contribution of PPAR alpha dependent pathways to the observed PFBA
responses by using the humanized PPAR alpha mouse model as well as models such as
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the PPAR alpha null mice. In these studies, the results suggested that more than PPAR
alpha response mechanisms were observed. I was also persuaded by lack of functional
postnatal studies with a longer examination period. Please note this reviewer also
noted that there is not a kinetic model available for this compound, the review did not
discuss differences in plasma binding during pregnancy and that PFBA exposure would
occur in the presence of other co-exposures to structurally related perfluorinated
compounds that are not being considered in the extrapolation to humans. All of these
factors compound the “kinetic” considerations of the URA and made the reviewer
wonder if the question should not be 3 or 1 but rather 3 or 10. This reviewer would
hope that as the reviews across the additional perfluorinated compounds are
completed that USEPA review whether additional information on these key endpoints,
mechanisms, kinetics and co-exposures may have an additional impact on this part of
the risk characterization.
10c. Yes, this reviewer agrees with the use of the UFS at 10 due to the lack of longerterm and functional study designs tested with PBFA.
10d. Yes, the review provides context for the use of other safety factors of UFL, UFH
and UFD and these are presented.
10e. [no comment provided]
Fisher

10a. Yes, I have no suggestions.
10b. My naïve opinion based on the evidence given for PFBA and other PFAS, is that the
MOA extends beyond just a PPARalpha MOA, thus it is difficult to use the PPARalpha
argument for an UF =1. I agree with an UFa of 3.
10c. Since PFBA does not accumulate over months or years, an UF of 3 seems sufficient,
but 10 may be useful as proposed based on a lack of toxicology data.
10d. I believe the information for the UFh is adequate and protective of health.
10e. As much as science can be used for discussing UFs. The use of a value of 1 for UFl
seems like policy. The composite UFs are protective of human health based on the
current toxicology information.

Georgopoulos

The uncertainty factors that were selected in the Toxicological Review to account for
intraspecies variability (UFH), interspecies differences (UFA), database limitations (UFD),
duration (UFS), and LOAEL-to-NOAEL extrapolation (UFL) for PFBA are generally
reasonable and the rationale provided for their selection makes sense. Nevertheless, it
should be recognized that the process of selecting uncertainty factors is as much art as
it is science, and reasonable arguments could be made for assigning a different value to
either (or both) the interspecies differences factor (UFA) and the database factor (UFD).
Tier 2 Suggestion: the selection of a value of 3 for UFA should be evaluated and
considered as an alternative to a value of 10 (rather than a value of 1) as our current
understanding of interspecies differences in PFAS toxicokinetics and toxicodynamics has
very significant gaps.
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10a. Yes, uncertainty has been adequately accounted for in the derivation of the RfD
values. Additional comments are, however, provided in the subsections below. For
example, comments under 10c are of interest.
10b. Application of a UFA of 3 for potential interspecies toxicodynamic differences is
standard EPA practice when interspecies TK adjustments have been performed, as in
this case. The EPA indicates that a UFA of 3 was applied to the thyroid and
developmental endpoints to account for any residual TK and toxicodynamic uncertainty
(p. 5-15, lines 1-4), which is tantamount to standard EPA practice. For hepatic effects,
the EPA has a more extended discussion to scientifically justify this value. In accordance
with EPA practice and relevant considerations, the EPA justifiably applied a UFA of 3 for
hepatic effects as well given the remaining uncertainty in additional MOAs that appear
active in PFBA-induced liver effects and in the relative contribution of these MOAs to
toxicity in humans as compared with rodents (p. 5-15, lines 36-38). Again, the
application of a default UFA of 3 for potential interspecies toxicodynamic differences is
standard EPA practice when interspecies TK adjustments have been performed and
there is a lack of chemical-specific information for a more data-informed approach, as is
the case here. That is, a higher UFA value is not justified as the default value of 3 is
applicable in instances such as this where TK adjustments have been performed (also,
the assessment considered associated uncertainties in selecting the approach) and data
to support a more chemical-specific TD adjustment are lacking, which is frequently the
case.
10c In the EPA’s analysis, hepatocellular hypertrophy exhibited exposure duration
dependence when comparing 28- and 90-day results, leading the EPA to conclude that
although liver concentrations are equivalent following 28- or 90-day exposures, it is
apparent that prolonged exposure (i.e., 90-day versus 28-day exposure) elicits
increased adverse effects in the liver (p. 5-16, lines 1-6). Consequently, the EPA selected
a UFS value of 10. By contrast, for liver weight and thyroid hormone measures, there
was no apparent increased sensitivity with longer exposure duration in terms of the
magnitude of the observed effects at the same tested doses or the lowest doses at
which effects were observed. Therefore, a UFS value of 10 may not be justified for these
endpoints and their corresponding candidate RfDs may be unjustifiably low.
Accordingly, although using the same UFS value for all endpoints is convenient, a value
of 10 may not be adequately documented as scientifically justified for liver weight and
thyroid hormone measures and the EPA should consider additional justification for
these endpoints (e.g., consideration of the robustness of the dose-response data for
liver weight and thyroid hormone measures that are available for comparison across
different exposure durations as well as residual uncertainty) and/or perhaps hepatic
endpoint-specific UFS values (Tier 2 Suggestion). From a practical perspective, however,
the proposed final RfD is likely to remain unchanged as the lowest candidate RfD is
based on hepatocellular hypertrophy for which a UFS value > 1 is justified (i.e., a UFS of
10 is proposed).
10d. P. 4-4, lines 3-4 state that “no human studies were available to inform the
potential for PFBA exposure to affect sensitive subpopulations or lifestages.” However,
Section 4.3 (Conclusions Regarding Susceptible Populations and Lifestages) does discuss
pertinent laboratory animal data. For example, potential sex differences in TK are
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discussed for rats and monkeys. The section also discusses potential sex differences in
mouse fetus/neonate sensitivity to PFBA-induced developmental effects. The section
ultimately concludes that: (1) although there appears to be a clear sex dependence for
some PFBA-induced health effects in adult rodents (stronger responses in male rats,
likely due to TK differences), the observed lack of sex-specific sensitivity for other
effects in adult and immature rodents and the apparent lack of TK differences between
sexes in primates (and a single human occupational study) preclude the identification of
males as a broadly sensitive subpopulation for PFBA-induced health effects in humans
(p. 4-4, lines 22-26); and (2) pregnancy and early life possibly represent two sensitive
lifestages to PFBA exposure given the effects observed in pregnant mice (increased liver
weights, full-litter resorptions) and the developing organism (fetal/postnatal death and
delays in time to eye opening, vaginal opening, and preputial separation) (p. 4-4, lines
27-30). Consistent with standard practice and supporting scientific rationale, a UFH of 10
was applied for interindividual variability in the absence of quantitative information on
the TK and toxicodynamics of NH4+PFB/PFBA in humans, as clearly stated in the
document (Table 5-5, p. 5-13). This UFH value is also consistent with consideration of
laboratory animal data, which show some intraspecies differences in sensitivity by sex
(male rats being more sensitive to some effects) and identify pregnancy and early life as
two possible sensitive life stages.
10e. As is justified and standard practice, a UFL of 1 was applied for LOAEL-to-NOAEL
extrapolation since the PODs are benchmark doses (i.e., BMDLs) or NOAELs. The EPA’s
consideration of the relevant database and UFD value entailed PFBA-specific
information as well as supporting information from structurally-related PFAS
compounds. Supported by the detail-oriented database review, a value of 3 was
selected for the UFD to account for residual concerns and uncertainty surrounding the
lack of a multigenerational reproductive study, developmental neurotoxicity study (or
information on thyroid hormone perturbation in utero and postnatally),
immunotoxicity, or mammary gland effects. A UFD of 10 was not applied given that
multiple lines of chemical-specific information or data from structural analogs are
available to partially mitigate the concern that additional study would possibly result in
a lower RfD value (e.g., by an order of magnitude). The UFD value of 3 is sufficiently
supported by the EPA’s detailed database review, while a value of 10 is not justified.
Lastly, the UFS for use of a subchronic study might be viewed as related to the UFD,
since a subchronic study would not have to be used for toxicity factor derivation if the
database were more complete and both UF values are used to account for the
possibility that studies that are lacking might identify a lower adverse effect level/BMDL
for use as a POD. In the present case, the UFS of 10 is essentially used to account for the
lack of a chronic study on the candidate critical liver and thyroid effects, and the UFD is
used to account for the lack of various other studies (see above). Together, the UFS and
UFD account for a UF of 30 (10 x 3), which implies that with a better database that
included chronic and other studies covering a more complete range of adverse
endpoints, the POD could be 30-fold lower. From this perspective, the total UF for the
chronic RfD is already sufficiently conservative to account for database uncertainties
and a higher UFD is not justified or needed.
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10a. Uncertainty has been adequately accounted for in the derivation of the toxicity
values. In providing a conservative approach based on the available data sets, the
suggestions appear to be appropriate.
10b. The UFA of 3 is warranted based on the available animal and mechanistic studies
that clearly demonstrate the potential for differences in sensitivity across species due
to the involvement of both PPARα-dependent and PPARα-independent mechanisms
that may be indicating competing MOAs.
10c. The lack of studies with PFBA evaluating the potential chronic effects resulted in
the extrapolation of subchronic and short-term exposures with the anticipation that
longer exposures may worsen effects, and this adds a level of uncertainty that justifies
the UFS of 10 as noted in the Toxicological Review.
10d. The available evidence on potential susceptibility to PFBA across species as various
ages (lifestages) was appropriately considered and the resultant UFH values are
scientifically justified as a definitive mechanism causing toxicity for PFBA is not known
allowing for the possibilities of several potential mechanism of toxicity and which is
most relevant to humans is not known.
10e. The scientific rationales used to support the application of all the uncertainty
factors appears appropriate when using a conservative approach. This reviewer
recognizes that not all animal studies were considered to provide high confidence, but
all were at least medium (including medium-low) confidence.

Savitz

I do not have the expertise to comment on their use of uncertainty factors since I am
not expert in the application of these models to deriving regulation. It always seems
entirely arbitrary so the issue would be whether this is in line with what is typically
done in the field. That judgment would need to be made by other reviewers who have
seen a large number of such assignments.

Zoeller

10a. The Agency has accounted for UFA regarding toxicokinetics, but not in terms of
(e.g.) extrapolating between animals and humans with respect to thyroid-toxicity and
development. Because the Agency concludes that PFBA reduces serum T4 and that the
delay in eye opening observed by Das et al. (2008), it would seem to follow that an
additional UFA account for interspecies differences in these developmental effects. It is
likely that human development is more sensitive to thyroid hormone insufficiency than
rodents – or at least our outcome measures of (eg) cognitive function in humans is
more sophisticated than what we have for rodents. Tier 2 Suggestion: Thus, it is
suggested that the Agency consider increasing the UFA from 3 to 10 if the arguments
above are compelling.
10b. The Agency has clearly documented their reasoning for a UFA of 3 based on the
PPARα issue as described. The observation that PFBA acts through the human PPARα in
mice (Foreman et al., 2009) and that PFBA binds directly to human PPARα (Khazaee et
al., 2021) clearly demonstrates that PFBA is a PPARα ligand in humans. The uncertainty
then is related both to at least toxicokinetics and the different abundance of PPARα in
sensitive tissues. Receptor abundance is at least as importance as ligand concentration
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in defining efficacy (e.g., (Charlton, 2009)). The combination of this uncertainty further
supports a UFA of 10.
10c. The Agency has adequately evaluated the uncertainty surrounding the
extrapolation from subchronic to chronic exposure scenarios and have justified the
application of a UFS=10.
10d. [no comment provided]
10e. [no comment provided]
3.11 Given the conclusion there was inadequate evidence to assess carcinogenic potential for
PFBA (Charge Question 5), the Toxicological Review does not derive quantitative estimates
for cancer effects for oral or inhalation exposures. Is this decision scientifically justified?
Reviewer

Comments

Faustman

This reviewer agrees with the approach the IRIS report took in not determining a
quantitative estimate for cancer or inhalation potential. However, guidance or
boundary values are sometimes needed in public health. Tier 3 Future Considerations:
Could this be accomplished by providing a boundary estimate like the PPRTV for
inhalation exposures? If this is in the remit of IRIS or if the IRIS report will support such
activities then I would urge EPA to develop such an estimate due to the widespread use
and environmental presence for the per fluorinated related compounds. Of course,
these estimates have a great deal of uncertainty.

Fisher

Yes because of a lack of data to address cancer and inhalation of PFBA.

Georgopoulos

Of course, the decision to not derive quantitative estimates for cancer effects for oral or
inhalation exposure is the logical consequence of the conclusion that there was
inadequate evidence to assess carcinogenic potential for PFBA.

Haney

Yes, the decision to not derive quantitative estimates for cancer effects for oral or
inhalation exposures is scientifically justified. The available animal and mechanistic
studies along with the analysis presented in the Toxicological Review support the
conclusion that there is inadequate evidence to assess carcinogenic potential for PFBA.
While Section 3.3 indicates that no human or animal studies were available to inform
the potential for PFBA exposure to cause genotoxicity or cancer, it is noted that one
study that investigated PFBA-induced genotoxicity is cited by the EPA (Crebelli et al.,
2019) and found no evidence of DNA damage or micronucleus formation in male mice
exposed to PFBA via drinking water for 5 weeks. This information and the apparent lack
of other relevant PFBA data (e.g., epidemiological or laboratory animal carcinogenicity
studies) not only amount to inadequate evidence to assess carcinogenic potential of
PFBA for either the oral or inhalation routes of exposure, but similarly provide no basis
(i.e., database) for deriving quantitative estimates of excess cancer risk due to PFBA
exposure (oral or inhalation). That is, “the lack of data on the carcinogenicity of PFBA
precludes the derivation of quantitative estimates for either oral (oral slope factor
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[OSF]) or inhalation (inhalation unit risk [IUR]) exposure” (p. 5-25, lines 26-28).
Furthermore, no robust scientific foundation has been laid, critically reviewed and
broadly accepted by the scientific community for the use of any surrogate PFAS with
carcinogenicity data (e.g., PFOA) for this purpose.
Hoberman

Based on the response to Charge Question 5 above, it was not possible to derive
quantitative estimates for cancer effects for oral or inhalation exposures. This decision
is scientifically justified.

Savitz

In the absence of research, no other decision could be considered.

Zoeller

The Agency is correct to decide not to derive quantitative estimates for cancer effects
for oral or inhalation exposure to PFBA.

4.0 ADDITIONAL COMMENTS
Reviewer
Faustman

Comments
Editorial level suggestions:
Page 3-15, lines5-8 and Table 3-4 including footnote. Minor edit. Note that as the text
switches to describing lesions as “slight” versus in the table they are described primarily
as “mild” which the footnote explains a is “mild/slight severity “it is a bit confusing. Can
designation in text and table match?
Additional points for Section 5--Discussion of Pre and Post mortality data (Page 5-4).
Please clarify the location and use of this data.
Where is the author obtained data mentioned on Page 5-4, lines 6-12, in Table 5-1?
Report may need a footnote to clarify. Also, please confirm which references contributed
this data?
Table 5-1, Page 5-5 Lists the endpoints considered for dose-response modeling and
derivation of points of departure but doses not list the prenatal mortality data discussed
above? Please correct or re-direct reviewer.
Table 5-2 (Page 5-6) provides an excellent, concise discussion on why various BMR levels
were used across endpoints chosen for use in modeling the BMD for PFBA outcomes.
This reviewer supports the decisions in all these cases.
Additional points from Appendix C
Page C.6 lines 22 to 32
Why aren’t the PK studies from Butenhoff et al 2021 plotted here for easier comparison
with the single dose studies? Please consider adding.
Page C-7, lines 15 to 18 This reviewer would modify the following lines: “Because
developmental effects can be based on two general types of kinetic considerations both
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peak concentrations at windows of susceptibility as well as concentrations maintained
chronically throughout various stages of pregnancy, kinetic modelling needs to consider
both types of kinetic factors. In this example we…”. This reviewer suggests then with this
caveat and with this clarification then the IRIS document can go further to look at these
two options to see if this assumption makes a difference in the evaluation.
Page 1-5, lines 9-10 Grammar Minor editorial suggestion. Double check use of the word
“however”.
Georgopoulos

GENERAL COMMENTS
Tier 3 Suggestion: Future efforts and revisions of the assessment for PFBA (and other
PFAS) must consider cumulative risks
It is reasonable to expect that individuals and subpopulations who will experience high
PFBA exposures will also generally have above average (and above median) exposures to
other PFAS, including the major legacy PFAS. Furthermore, it is evident that PFBA shares
multiple common Adverse Outcome Pathways with other PFAS. It is therefore very
important for EPA to develop (or to continue developing) a consistent, integrative,
framework for cumulative risk assessments of PFAS mixtures, that include PFBA.
Tier 3 Suggestion: Future efforts and revisions of the assessment for PFBA (and other
PFAS) must consider reasonable population exposure (and potential exposure)
distributions.
Though, of course, the IRIS Program does not develop the exposure assessment
component of risk assessment, it is still essential to have a reasonable understanding and
characterization of the potential range of real-world exposures. As assessment of
environmental measurements can be considered outside the scope of the IRIS program,
the focus should probably be on available biomarker data. A real challenge here is that
PFBA is not included in the set of PFAS that are measured in NHANES. Furthermore, even
the limited available human measurement data of PFBA and other short-chain PFAS "may
need to be taken with some caution" (Cao and Ng, 2021), based on the findings of the
recent study of Abraham et al. (2021). These concerns should make the compilation and
evaluation of human (PFBA) biomarker studies a priority (possibly in conjunction with the
development of a database for the available information). This may require coordination
with agencies/organizations worldwide (e.g., European Union, China). For example, it is
known that various components of HBM4EU, the human biomonitoring initiative in
Europe from 2017 to 2021, included collection of PFBA blood data (see, e.g., the EU HBM
Dashboard at https://www.hbm4eu.eu/what-we-do/european-hbm-platform/eu-hbmdashboard/) but the process for accessing such data needs to be clarified.
Finally, it should be recognized that the authors of the draft Toxicological Review have
developed a thorough, readable and balanced document and they deserve our thanks.
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Haney

In conclusion, I support the draft assessment overall and believe the conclusions and RfD
values therein are scientifically supportable. It is obvious that the EPA has put a great
deal of time and work into the draft PFBA assessment. Similarly, the external scientific
peer review panel has no doubt spent significant time and effort in reviewing and
providing thoughtful comments on the draft assessment, including during the
teleconference (held February 22-23, 2022). At the same time, a great deal of scientific
expertise and resources (e.g., subject area experts, total review time available) exist
outside of any peer review panel or environmental regulatory agency. Additionally, the
public is obviously an important stakeholder in chemical dose-response assessments
such as this that will ultimately be utilized in the protection of public health.
Consequently, in addition to careful review of post-teleconference comments from the
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peer review panel, the EPA should duly consider all public comments so that the draft
assessment is the beneficiary of staff having considered the most diverse set of
viewpoints and scientific perspectives possible. Thank you for the opportunity to have
peer reviewed this important draft assessment.
Reviewer’s References (not cited in EPA’s draft assessment):
ECETOC. 2002. Guidance on Evaluation of Reproductive Toxicity Data, Monograph No.
31. European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC),
Brussels. Available at: https://www.ecetoc.org/wp-content/uploads/2014/08/MON031.pdf
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risk assessment (Daston G, Kimmel C, eds.), International Life Sciences Institute (ILSI)
Press, Washington, DC.
OECD. 2008. Guidance document on mammalian reproductive toxicity testing and
assessment, OECD Series on Testing and Assessment, No. 43. Organisation for
Economic Co-operation and Development (OECD), Paris. Available at:
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/
mono(2008)16&doclanguage=en
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Terminology, IPCS/OECD Key Generic Terms used in Chemical Hazard/Risk
Assessment. World Health Organization (WHO), Geneva. Available at:
https://inchem.org/documents/harmproj/harmproj/harmproj1.pdf
Zoeller

Public Comment: ACC (2-3), p11 of Compilation.
The ACC states that, “…the assessment includes consideration of thyroid effects from
animal studies that do not appear to be relevant for assessing health hazards in
humans.”
Zoeller response: The argument put forth to support this conclusion rests on several
points:
•

PFBA-induced T4 suppression disappeared after 21-day recovery where TT4
levels were increased.

•

Serum TSH was not affected.

•

National Academy Committee to Assess the Health Implications of Perchlorate
Ingestion (NRC, 2005) questioned the significance of changes in T4 levels in
rodents to human risk assessment.

•

In the first case, human studies have shown that the timing of thyroid hormone
insufficiency during pregnancy and the perinatal period can define the adverse
outcome (Bongers-Schokking et al., 2000; Zoeller and Rovet, 2004; Rovet, 2014;
Korevaar et al., 2016; Stagnaro-Green and Rovet, 2016b). This means that a
transient decrease in serum T4 in a pregnant woman or in neonates is important
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and recovery of normal T4 later is not relevant to the production of adverse
outcomes.
•

The second case is described above, but it should be emphasized that thyroid
“function” and thyroid hormone “action” clearly needs to be separated in the
analysis and interpretation of these data. However, it should be noted that it is
not correct that rats do not have TBG (Vranckx et al., 1989; Vranckx et al., 1990;
Savu et al., 1991). Having said this, it is true that the half-life of T4 in rat serum is
less than that of humans.

•

In the third case, the NRC committee was addressing the issue of adults, not
development. In addition, the statement of the NRC that perchlorate would not
cause a reduction in serum thyroid hormone at levels observed in the
environment was later proved wrong by NHANES (Blount et al., 2006; Steinmaus
et al., 2007; Steinmaus et al., 2010; Steinmaus et al., 2013; Steinmaus et al.,
2016; Rubin et al., 2017).

Public Comment: 3M (7), p13 of Compilation
“EPA failed to consider studies where quantitative histomorphometric analysis on thyroid
function after PFBA exposure did not report statistically significant changes.”
Zoeller response: This concern appears to be based on the work of Capen (Capen, 1994)
who proposed that the ability of a toxicant to produce thyroid tumors in rats was not
relevant to human thyroid cancers. At any rate, it confuses the issue of thyroid function
and thyroid hormone action.
Public Comment: 3M (2), p27 of Compilation
“This decision does not withstand scrutiny from the scientific community. Serum thyroid
hormones are subject to a great degree of variability due to the assay issues, diurnal
variations, and even husbandry conditions, and thus are not suitable grounds upon which
to exclude a relevant study.”
Zoeller response: This comment confuses inter-study variation with intra-study variation.
Reliable studies such as that of Butenhoff et al. will measure hormone levels using the
same assay, will use the same husbandry characteristics for all animals in the study, and
will control for diurnal issues. In other words, it is a well-controlled study. Wellcontrolled animal studies will find far less inter-individual variation in serum T4 than is
observed in a well-controlled human study.
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Technical Charge to External Peer Reviewers
Contract No. EP-C-17-017
Task Order 68HERH20F0407 (ERG Task 44)
January 2022

External Peer Review of EPA’s Draft IRIS Toxicological Review of
Perfluorobutanoic Acid [CASRN 375-22-4] (PFBA) and Related Salts
INTRODUCTION
The U.S. Environmental Protection Agency (EPA) is seeking a scientific peer review of the draft IRIS
Toxicological Review of Perfluorobutanoic Acid and Related Salts developed in support of the Agency’s
online database, the Integrated Risk Information System (IRIS). IRIS is prepared and maintained by EPA’s
Center for Public Health and Environmental Assessment within the Office of Research and Development.
IRIS assessments contain information about chemicals that encompasses hazard identification and doseresponse assessment, two of the four steps in the human health risk assessment process. When used by
risk managers in combination with information on human exposure and other considerations, IRIS
assessments support the Agency’s regulatory activities and decisions to protect public health.
There is no existing IRIS assessment for perfluorobutanoic acid (PFBA). The draft Toxicological Review of
PFBA is based on a comprehensive review of the available scientific literature on the noncancer and
cancer health effects in humans and experimental animals exposed to PFBA or the related compound,
ammonium PFBA. The systematic review protocol for PFBA and appendices for toxicokinetic
information, dose-response modeling, and other supporting materials are provided as Supplemental
Information—Appendix A: Systematic Review Protocol for the PFBA PFHxA, PFHxS, PFNA, and PFDA IRIS
Assessments and Supplemental Information—Appendices B, C, D, E, and F to the draft Toxicological
Review.
REVIEW MATERIALS PROVIDED
•
•
•
•

Draft PFBA IRIS Assessment
Supplemental Material (PFBA Appendices)
PFBA Errata Sheet
Consolidated public comments received by EPA during a public comment period for PFBA (for
reviewer consideration only)

CHARGE QUESTIONS
In response to the numbered charge questions below, the advice provided as part of this peer review
would be most useful when prioritized to indicate its relative importance as follows:
•

Tier 1: Recommended Revisions – Key major recommendations necessary for strengthening the
scientific basis for the Toxicological Review of PFBA. The implication of such key Tier 1
recommendations is that the assessment conclusions are not adequately supported without
addressing the recommendations and need to be reconsidered or better substantiated. For Tier
1 recommendations, please describe the specific revisions necessary to modify or better
substantiate the most scientifically appropriate assessment conclusions.
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•

Tier 2: Suggestions – Recommendations that are encouraged to strengthen the scientific
analyses and conclusions in the Toxicological Review of PFBA. That other factors (e.g.,
timeliness) also may also be considered before deciding to address or incorporate Tier 2
suggestions is understood. For Tier 2 recommendations, please provide specific suggestions to
strengthen the scientific basis for assessment conclusions or improve the clarity of the analyses
and presentation.

•

Tier 3: Future Considerations – Scientific exploration that might inform future work. These
recommendations are outside the immediate scope or needs of the current document under
review but could inform future toxicological reviews or research efforts.

1. The Toxicological Review describes and applies a systematic review process for identifying and
screening pertinent studies that is described in detail in Section 1.2.1 (Literature Search and
Screening) and Appendix A (Systematic Review Protocol for the PFBA, PFHxA, PFHxS, PFNA, and PFDA
IRIS Assessments). Please comment on whether the search strategy and screening criteria for PFBA
are appropriate and clearly described. Please identify additional peer-reviewed studies of PFBA that
the assessment should incorporate 1.
2. The Toxicological Review describes the results of the evaluations of individual studies in Section 2.2
(Study Evaluation Results) and presents and analyzes the findings from those studies deemed
informative in the relevant health effect-specific synthesis sections.
a. Please comment on whether the study confidence conclusions for the PFBA studies are
scientifically justified, giving appropriate consideration to important methodological
features of the assessed outcomes. Please specify any study confidence conclusions that are
not justified and explain any alternative study evaluation decisions.
b. Results from individual PFBA studies are presented and synthesized in the health systemspecific sections. Please comment on whether the presentation and analysis of study results
is clear, appropriate, and effective to allow for scientifically supported syntheses of the
findings across sets of studies.
3. For each health effect considered in the assessment and outlined below, please comment on
whether the available data have been clearly and appropriately synthesized to describe the
strengths and limitations. For each, please also comment on whether the weight-of-evidence
decisions for hazard identification have been clearly described and scientifically justified.
a. For thyroid effects, the Toxicological Review concludes that the available evidence indicates
PFBA exposure is likely to cause thyroid toxicity in humans given relevant exposure
circumstances, primarily on the basis of short-term and subchronic studies in male rats
reporting a consistent and coherent pattern of thyroid effects following PFBA exposure, but
Newly identified studies (i.e., studies identified by EPA or the public that meet PECO criteria but were not
addressed in the external review draft, for example due to recent publication) will be characterized by EPA and
presented to the peer review panel. This characterization will focus on EPA’s judgment of whether the studies
would have a material impact on the conclusions (i.e., identified hazards or toxicity values) in the external review
draft. The peer review panel is asked to review EPA’s characterization and provide tiered recommendations to EPA
regarding which studies, if any, to incorporate into the assessment before finalizing.

1
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also drawing from the consistency of effects when considering evidence from structurally
related PFAS. The Toxicological Review concludes the thyroid effects are considered relevant
to humans in the absence of evidence to suggest otherwise.
b. For hepatic effects, the Toxicological Review concludes that the available evidence indicates
PFBA exposure is likely to cause hepatic effects in humans given relevant exposure
circumstances, on the basis of a series of short-term, subchronic, and developmental studies
in rats and mice demonstrating consistent and coherent effects with a clear biological
gradient. Although the available mechanistic information indicates the effects in rodents are
relevant to humans, some uncertainty remains regarding potential differences in sensitivity
across species due to evidence for the involvement of both PPARα-dependent and PPARαindependent pathways in these effects (see Charge Question 4 requesting input specific to
this latter uncertainty).
c. For developmental effects, the Toxicological Review concludes that the available evidence
indicates PFBA exposure is likely to cause developmental effects in humans given relevant
exposure circumstances, on the basis of a coherent pattern of delays in acquisition of three
different developmental milestones in a single study in mice, with the findings presumed
relevant to humans in the absence of evidence to suggest otherwise. The assessment
discusses similar effects observed for structurally related PFAS.
d. For reproductive effects and other noncancer effects (i.e., cardiometabolic effects, renal
effects, ocular effects, body weight), the Toxicological Review concludes there is inadequate
evidence to determine whether PFBA exposure has the potential to cause these effects in
humans on the basis of the sparsity of available evidence.
4. Appendix A (Systematic Review Protocol for the PFBA PFHxA, PFHxS, PFNA, and PFDA IRIS
Assessments) identifies the human relevance of hepatic effects in animals that involve peroxisome
proliferator-activated receptor alpha (PPARα) receptors as a key science issue. 2 To the extent
supported by the PFBA literature (and to a lesser extent, literature for other PFAS), the Toxicological
Review evaluates the evidence relevant to the potential involvement of PPARα and non-PPARα
pathways with respect to the reported hepatic effects. The Toxicological Review ultimately
concludes evidence from in vivo and in vitro studies support that multiple modes of action (MOA)
are operant in the induction of hepatic effects by PFBA exposure and the relative contribution of
these different MOAs cannot be concluded with confidence from the available data. Please
comment on whether the available animal and mechanistic studies support this conclusion and
whether the analysis presented in the Toxicological Review is clearly documented.
5. The draft assessment concludes there is inadequate evidence to assess carcinogenic potential for
PFBA and that this descriptor applies to oral and inhalation routes of human exposure. Please
The PFAS Systematic Review Protocol identifies five key science questions: (1) possible toxicokinetic differences
across species and sexes, (2) the human relevance of effects in animals that involve PPARα activation, (3) potential
confounding by other PFAS exposures in epidemiology studies, (4) the toxicological relevance of changes in certain
urinary and hepatic endpoints in rodents, and (5) characterizing uncertainty due to missing chemical-specific data).
Three of the questions are most pertinent to the Toxicological Review of PFBA. Key science question 1 is addressed
in Charge Questions 9.a and 9.b, Key science question 2 is addressed in Charge Questions 3.b and 4, and Key
science question 4 is addressed in Charge Question 6.c.
2
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comment on whether the available animal and mechanistic studies, and the analysis presented in
the Toxicological Review, support this conclusion.
6. For PFBA, no RfC was derived. The Butenhoff et al. (2012) 90-day rat study was the study chosen for
use in deriving the RfD on the basis of an increased incidence of hepatocellular hyperplasia and
decreased total T4 in male rats. Is the selection of this study and these effects for use in deriving the
RfD for PFBA scientifically justified?
a. If so, please provide an explanation.
b. If not, please provide an alternative study(ies) or effect(s) that should be used to support
the derivation of the RfD and detail the rationale for use of such an alternative.
c. As part of the recommendations in “a” or “b” above, please comment on whether the
effects selected are appropriate for use in deriving the RfD, including considerations
regarding adversity (or appropriateness in representing an adverse change) and the
scientific support for their selection. More specifically, Appendix A identifies interpreting the
adversity of certain outcomes observed in rodents, including some hepatic effects, as a key
science issue. Please consider in your recommendation the narrative in the Toxicological
Review related to the decision that the observed hepatocellular hypertrophy, when
considered within the broader constellation of effects, is representative of an adverse
change in the organ.
d. Given the lack of studies on inhalation exposure to PFBA, no reference concentration (RfC) is
derived. Please comment on this decision.
7. In addition, for PFBA, an RfD for less-than-lifetime (“subchronic”) exposures is derived. No
“subchronic” RfC was derived. The study chosen for use in deriving the subchronic RfD is the
gestational exposure mouse study by Das et al. (2008) with the RfD based on delayed acquisition of
developmental milestones, as indicated by delayed time to vaginal opening, eye opening, and
preputial separation in exposed male and female offspring. Is the selection of this study and these
effects for the derivation of the subchronic RfD for PFBA scientifically justified?
a. If so, please provide an explanation.
b. If not, please provide an alternative study(ies) or effect(s) that should be used to support
the derivation of the subchronic RfD and detail the rationale for use of such an alternative.
c. As part of the recommendations in “a” or “b” above, please comment on whether the
effects selected are appropriate for use in deriving the RfD, including considerations
regarding adversity (or appropriateness in representing an adverse change) and the
scientific support for their selection.
d. Given the lack of studies on inhalation exposure to PFBA, no “subchronic” RfC is derived.
Please comment on this decision.
8. EPA used benchmark dose modeling (USEPA, 2012) to identify points-of-departure (PODs) for oral
exposure to PFBA. Are the modeling approaches used, selection and justification of benchmark
response levels, and the selected models used to identify each POD for toxicity value derivation
scientifically justified?
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9. Appendix A identifies the potential for toxicokinetic differences across species and sexes as a key
science issue and lays out a hierarchy for using relevant toxicokinetic data in extrapolating doses
between laboratory animals and humans. Given what is known and not known about the potential
interspecies differences in toxicokinetics of PFBA, EPA used the ratio of human-to-animal serum
clearance values to adjust the POD to estimate a human equivalent dose in the derivation of the
respective RfDs.
a. Is applying the ratio of human-to-animal serum clearance values for PFBA scientifically
justified? If not, please provide an explanation and detail on a more appropriate approach.
b. Do the methods used to derive toxicity values for PFBA appropriately account for
uncertainties in evaluating the toxicokinetic differences between the experimental animal
data and humans?
10. EPA has evaluated and applied where appropriate uncertainty factors to account for intraspecies
variability (UFH), interspecies differences (UFA), database limitations (UFD), duration (UFS), and
LOAEL-to-NOAEL extrapolation (UFL) for PFBA.
a. Has uncertainty been adequately accounted for in the derivation of the toxicity values?
Please describe and provide suggestions, if needed.
b. For uncertainty in interspecies differences (UFA), a value of 3 is applied to extrapolate
between effects in laboratory animals and in humans. Although PPARα dependence might
support a value of UFA = 1 if that were the sole mode of action, evidence for non-PPARα
MOAs is available in the PFBA (and larger PFAS) database. Thus, uncertainty remains
regarding the potential differences in sensitivity across species due to the involvement of
both PPARα-dependent and PPARα-independent mechanisms. Further, data are lacking to
determine with confidence the relative contribution of these competing MOAs. As such, the
Toxicological Review concludes the available data are not adequate to determine if humans
are likely to be equally or less sensitive than laboratory animals with respect to the observed
hepatic effects and that a value of UFA=3 is warranted to account for the residual
uncertainty in toxicodynamic differences across species. Please comment on whether the
available animal and mechanistic studies support this conclusion and whether the analysis
presented in the Toxicological Review is clearly documented.
c. For uncertainty in extrapolating from subchronic to chronic exposure scenarios (UFS), a
default value of 10 is applied. The assessment concludes there is conflicting evidence on
whether effects manifest at lower exposure levels or are more severe at equivalent
exposure levels when comparing findings across short-term and subchronic exposure
durations. Thus, to account for the potential for some effects to worsen with longer
durations of exposure (subchronic vs. short-term) and the lack of data on whether effects
from subchronic exposures might worsen in a chronic exposure scenario, a UFS=10 is applied
in the Toxicological Review. Does the provided scientific rationale support this decision?
Please explain.
d. To inform uncertainty in intraspecies variability (UFH), the assessment evaluates and
considers the available evidence on potential susceptibility to PFBA within different
populations or lifestages, including any potential human health impacts from early life
B-7

Final Post-Meeting Comments

Task Order 68HERH20F0407, Contract EP-C-17-017

exposure. Are the available information and data appropriately considered and the resultant
UFH values scientifically justified and clearly described?
e. Does the provided scientific rationale support the application of the remaining uncertainty
factors (UFL, UFD)? Please explain.
11. Given the conclusion there was inadequate evidence to assess carcinogenic potential for PFBA
(Charge Question 5), the Toxicological Review does not derive quantitative estimates for cancer
effects for oral or inhalation exposures. Is this decision scientifically justified?
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MEETING AGENDA

C-1

Final Post-Meeting Comments

Task Order 68HERH20F0407, Contract EP-C-17-017

External Peer Review of the EPA Draft “IRIS
Toxicological Review of Perfluorobutanoic Acid (PFBA)
and Related Salts”
Tuesday, February 22, 2022: 10:30 AM - 3:30 PM EST
Wednesday, February 23, 2022: 10:30 AM - 2:45 PM EST
Virtual Meeting via Zoom.gov
Note: Daily meeting start times are fixed; discussion and break times may be adjusted by reviewers.

Final Agenda
DAY 1: Tuesday, February 22
10:30 AM

Meeting Purpose, Agenda, Process & Reviewer Intros ....... Jan Connery, ERG (facilitator)

10:45 AM

U.S. EPA Office of Research and Development (ORD) Background Presentation

11:15 AM

Public Comments ...................................................................................Jan Connery, ERG

11:30 PM

Chair Opening Remarks to Panel ......................................................... Peer Review Chair

11:40 PM

Reviewer Discussions ........................................................................... Peer Review Panel

System atic Review Docum entation
Charge Question 1 (~25 minutes): The Toxicological Review describes and applies a
systematic review process for identifying and screening pertinent studies that is described in
detail in Section 1.2.1 (Literature Search and Screening) and Appendix A (Systematic Review
Protocol for the PFBA, PFHxA, PFHxS, PFNA, and PFDA IRIS Assessments). Please comment on
whether the search strategy and screening criteria for PFBA are appropriate and clearly
described. Please identify additional peer-reviewed studies of PFBA that the assessment should
incorporate.
12:05 PM

BREAK

12:25 PM

Reviewer Discussions (cont.) ............................................................... Peer Review Panel
Charge Question 2 (~30 minutes): The Toxicological Review describes the results of the
evaluations of individual studies in Section 2.2 (Study Evaluation Results) and presents and
analyzes the findings from those studies deemed informative in the relevant health effectspecific synthesis sections.
a) Please comment on whether the study confidence conclusions for the PFBA studies are
scientifically justified, giving appropriate consideration to important methodological
features of the assessed outcomes. Please specify any study confidence conclusions that
are not justified and explain any alternative study evaluation decisions.
b) Results from individual PFBA studies are presented and synthesized in the health systemspecific sections. Please comment on whether the presentation and analysis of study
results is clear, appropriate, and effective to allow for scientifically supported syntheses of
the findings across sets of studies.
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Agenda (cont.)
DAY 1: Tuesday, February 22 (cont.)
12:55 PM

Reviewer Discussions (cont.) ............................................................. Peer Review Panel

Hazard I dentification—Hepatic Effects (~35 minutes)
Charge Question 3: For each health effect considered in the assessment and outlined below,
please comment on whether the available data have been clearly and appropriately synthesized
to describe the strengths and limitations. For each, please also comment on whether the
weight-of-evidence decisions for hazard identification have been clearly described and
scientifically justified.
b) For hepatic effects, the Toxicological Review concludes that the available evidence
indicates PFBA exposure is likely to cause hepatic effects in humans given relevant
exposure circumstances, on the basis of a series of short-term, subchronic, and
developmental studies in rats and mice demonstrating consistent and coherent effects with
a clear biological gradient. Although the available mechanistic information indicates the
effects in rodents are relevant to humans, some uncertainty remains regarding potential
differences in sensitivity across species due to evidence for the involvement of both
PPARα-dependent and PPARα-independent pathways in these effects (see Charge Question
4 requesting input specific to this latter uncertainty).
Charge Question 4: Appendix A (Systematic Review Protocol for the PFBA PFHxA, PFHxS,
PFNA, and PFDA IRIS Assessments) identifies the human relevance of hepatic effects in
animals that involve peroxisome proliferator-activated receptor alpha (PPARα) receptors as a
key science issue. To the extent supported by the PFBA literature (and to a lesser extent,
literature for other PFAS), the Toxicological Review evaluates the evidence relevant to the
potential involvement of PPARα and non-PPARα pathways with respect to the reported hepatic
effects. The Toxicological Review ultimately concludes evidence from in vivo and in vitro
studies support that multiple modes of action (MOA) are operant in the induction of hepatic
effects by PFBA exposure and the relative contribution of these different MOAs cannot be
concluded with confidence from the available data. Please comment on whether the available
animal and mechanistic studies support this conclusion and whether the analysis presented in
the Toxicological Review is clearly documented.
1:30 PM

BREAK

1:45 PM

Reviewer Discussions (cont.) ............................................................... Peer Review Panel

Hazard I dentification—Other Effects
Charge Question 3 (~55 minutes): For each health effect considered in the assessment and
outlined below, please comment on whether the available data have been clearly and
appropriately synthesized to describe the strengths and limitations. For each, please also
comment on whether the weight-of-evidence decisions for hazard identification have been
clearly described and scientifically justified.
a) For thyroid effects , the Toxicological Review concludes that the available evidence
indicates PFBA exposure is likely to cause thyroid toxicity in humans given relevant
exposure circumstances, primarily on the basis of short-term and subchronic studies in
male rats reporting a consistent and coherent pattern of thyroid effects following PFBA
exposure, but also drawing from the consistency of effects when considering evidence
from structurally related PFAS. The Toxicological Review concludes the thyroid effects are
considered relevant to humans in the absence of evidence to suggest otherwise.
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Agenda (cont.)

DAY 1: Tuesday, February 22 (cont.)
Reviewer Discussions Charge Question 3 (cont.) ................................ Peer Review Panel

Hazard I dentification—Other Effects (cont.)
c) For developm ental effects , the Toxicological Review concludes that the available
evidence indicates PFBA exposure is likely to cause developmental effects in humans given
relevant exposure circumstances, on the basis of a coherent pattern of delays in acquisition
of three different developmental milestones in a single study in mice, with the findings
presumed relevant to humans in the absence of evidence to suggest otherwise. The
assessment discusses similar effects observed for structurally related PFAS.
d) For reproductive effects and other noncancer effects (i.e., cardiom etabolic
effects, renal effects, ocular effects, body w eight) , the Toxicological Review
concludes there is inadequate evidence to determine whether PFBA exposure has the
potential to cause these effects in humans on the basis of the sparsity of available
evidence.

N oncancer Tox icity Values Data Selection
Charge Question 6 (~45 minutes): For PFBA, no reference concentration (RfC) was derived.
The Butenhoff et al. (2012) 90-day rat study was the study chosen for use in deriving the RfD
on the basis of an increased incidence of hepatocellular hyperplasia and decreased total T4 in
male rats. Is the selection of this study and these effects for use in deriving the RfD for PFBA
scientifically justified?
a) If so, please provide an explanation.
b) If not, please provide an alternative study(ies) or effect(s) that should be used to support
the derivation of the RfD and detail the rationale for use of such an alternative.
c) As part of the recommendations in “a” or “b” above, please comment on whether the
effects selected are appropriate for use in deriving the RfD, including considerations
regarding adversity (or appropriateness in representing an adverse change) and the
scientific support for their selection. More specifically, Appendix A identifies interpreting the
adversity of certain outcomes observed in rodents, including some hepatic effects, as a key
science issue. Please consider in your recommendation the narrative in the Toxicological
Review related to the decision that the observed hepatocellular hypertrophy, when
considered within the broader constellation of effects, is representative of an adverse
change in the organ.
d) Given the lack of studies on inhalation exposure to PFBA, no RfC is derived. Please
comment on this decision.
3:25 PM

Day 1 Wrap Up, Day 2 Preview............................................................ Jan Connery, ERG

3:30 PM

ADJOURN Day 1
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Agenda (cont.)
DAY 2: Wednesday, February 23
10:30 AM

Day 1 Recap, Day 2 Agenda and Process ............................................ Jan Connery, ERG

10:35 AM

Reviewer Discussions ........................................................................... Peer Review Panel

N oncancer Tox icity Values Data Selection (cont.)
Charge Question 7 (~20 minutes): In addition, for PFBA, an RfD for less-than-lifetime
(“subchronic”) exposures is derived. No “subchronic” RfC was derived. The study chosen for
use in deriving the subchronic RfD is the gestational exposure mouse study by Das et al.
(2008) with the RfD based on delayed acquisition of developmental milestones, as indicated by
delayed time to vaginal opening, eye opening, and preputial separation in exposed male and
female offspring. Is the selection of this study and these effects for the derivation of the
subchronic RfD for PFBA scientifically justified?
a) If so, please provide an explanation.
b) If not, please provide an alternative study(ies) or effect(s) that should be used to support
the derivation of the subchronic RfD and detail the rationale for use of such an alternative.
c) As part of the recommendations in “a” or “b” above, please comment on whether the
effects selected are appropriate for use in deriving the RfD, including considerations
regarding adversity (or appropriateness in representing an adverse change) and the
scientific support for their selection.
d) Given the lack of studies on inhalation exposure to PFBA, no “subchronic” RfC is derived.
Please comment on this decision.

N oncancer Tox icity Values Derivation
Charge Question 8 (~15 minutes): EPA used benchmark dose modeling (USEPA, 2012) to
identify points-of-departure (PODs) for oral exposure to PFBA. Are the modeling approaches
used, selection and justification of benchmark response levels, and the selected models used to
identify each POD for toxicity value derivation scientifically justified?
Charge Question 9 (~15 minutes): Appendix A identifies the potential for toxicokinetic
differences across species and sexes as a key science issue and lays out a hierarchy for using
relevant toxicokinetic data in extrapolating doses between laboratory animals and humans.
Given what is known and not known about the potential interspecies differences in
toxicokinetics of PFBA, EPA used the ratio of human-to-animal serum clearance values to
adjust the POD to estimate a human equivalent dose in the derivation of the respective RfDs.
a) Is applying the ratio of human-to-animal serum clearance values for PFBA scientifically
justified? If not, please provide an explanation and detail on a more appropriate approach.
b) Do the methods used to derive toxicity values for PFBA appropriately account for
uncertainties in evaluating the toxicokinetic differences between the experimental animal
data and humans?
Charge Question 10 (~40 minutes): EPA has evaluated and applied where appropriate
uncertainty factors to account for intraspecies variability (UFH), interspecies differences (UFA),
database limitations (UFD), duration (UFS), and LOAEL-to-NOAEL extrapolation (UFL) for PFBA.
a) Has uncertainty been adequately accounted for in the derivation of the toxicity values?
Please describe and provide suggestions, if needed.
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b) For uncertainty in interspecies differences (UFA), a value of 3 is applied to extrapolate
between effects in laboratory animals and in humans. Although PPARα dependence might
support a value of UFA = 1 if that were the sole mode of action, evidence for non-PPARα
MOAs is available in the PFBA (and larger PFAS) database. Thus, uncertainty remains
regarding the potential differences in sensitivity across species due to the involvement of
both PPARα-dependent and PPARα-independent mechanisms. Further, data are lacking to
determine with confidence the relative contribution of these competing MOAs. As such, the
Toxicological Review concludes the available data are not adequate to determine if humans
are likely to be equally or less sensitive than laboratory animals with respect to the
observed hepatic effects and that a value of UFA = 3 is warranted to account for the
residual uncertainty in toxicodynamic differences across species. Please comment on
whether the available animal and mechanistic studies support this conclusion and whether
the analysis presented in the Toxicological Review is clearly documented.
c) For uncertainty in extrapolating from subchronic to chronic exposure scenarios (UFS), a
default value of 10 is applied. The assessment concludes there is conflicting evidence on
whether effects manifest at lower exposure levels or are more severe at equivalent
exposure levels when comparing findings across short-term and subchronic exposure
durations. Thus, to account for the potential for some effects to worsen with longer
durations of exposure (subchronic vs. short-term) and the lack of data on whether effects
from subchronic exposures might worsen in a chronic exposure scenario, a UFS = 10 is
applied in the Toxicological Review. Does the provided scientific rationale support this
decision? Please explain.
d) To inform uncertainty in intraspecies variability (UFH), the assessment evaluates and
considers the available evidence on potential susceptibility to PFBA within different
populations or lifestages, including any potential human health impacts from early life
exposure. Are the available information and data appropriately considered and the
resultant UFH values scientifically justified and clearly described?
e) Does the provided scientific rationale support the application of the remaining uncertainty
factors (UFL, UFH, UFD)? Please explain.

Cancer Hazard and Toxicity Value(s)
Charge Question 5 (~10 minutes): The draft assessment concludes there is inadequate
evidence to assess carcinogenic potential for PFBA and that this descriptor applies to oral and
inhalation routes of human exposure. Please comment on whether the available animal and
mechanistic studies, and the analysis presented in the Toxicological Review, support this
conclusion.
Charge Question 11 (~10 minutes): Given the conclusion there was inadequate evidence to
assess carcinogenic potential for PFBA (Charge Question 5), the Toxicological Review does not
derive quantitative estimates for cancer effects for oral or inhalation exposures. Is this decision
scientifically justified?
12:25 PM

BREAK

12:55 PM

Reviewer Integrative Comments and Discussion .............................. Peer Review Panel

1:35 PM

Individual Reviewer Recommendations ............................................. Peer Review Panel

2:35 PM

Closing Remarks ................................................................................. Jan Connery, ERG

2:45 PM

ADJOURN DAY 2
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