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Dear Ms. Pillsbury,

On October 3, 2018, NHDES requested technical input on setting Maximum Contaminants Levels
(MCLs) for four long-chain perfluoroalkyl acids (PFAAS) - PFOA, PFOS, PFNA and PFHXS.
Information was requested on approaches, data, and studies to be considered in MCL development;
health effects studies and data not considered in the ATSDR (2018) Draft Toxicological Profile for
Perfluoroalkyls or the USEPA (2016) PFOA and PFOS Health Advisories; and data and
methodologies relevant to costs and benefits for MCLs.

The New Jersey Department of Environmental Protection (NJDEP) and the New Jersey Drinking
Water Quality Institute, a legislatively-established advisory body to NJDEP, have extensively
evaluated the scientific information relevant to development of MCLs for PFOA, PFOS, and PFNA,
including detailed reviews of the ATSDR Draft Toxicological Profile and USEPA Health
Advisories mentioned by NHDES. Citations for NJDEP and DWQI documents and peer-reviewed
publications on these topics are listed at the end of this letter. The major NJDEP conclusions are
shown in the attached PowerPoint presentation, which was excerpted from recent longer NJDEP
presentations. These conclusions are summarized below, with citations of publications not
considered by ATSDR (2018) or USEPA (2016) marked in bold.

General approach and conclusions about risk assessment and MCL development for long-chain
PFAAs

NJDEP’s general approach and overall conclusions about human health risk assessment and MCL
development for long-chain PFAAs such as PFOA, PFOS, and PFNA are summarized in Slides 3 -
14 of the attached PowerPoint presentation. These conclusions are discussed in more detail in a
recent publication by Post et al. (2017).
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In summary, NJDEP concludes that there is a need for caution about exposure to long-chain PFAAS
from drinking water. Unlike other well-known persistent, bioaccumulative and toxic (PBT)
chemicals such as PCBs and dioxins, long-chain PFAAs are water soluble and drinking water is an
important exposure route. Ongoing ingestion of even low drinking water concentrations of these
PFAAs (e.g. well below the USEPA Health Advisory of 70 ng/L) overwhelms exposures from other
sources (primarily food and consumer products) prevalent in the general population. Infants, a
sensitive subpopulation for developmental effects of PFAAS, receive higher exposures from breast
milk or prepared formula than adults using the same contaminated drinking water source. Because
these PFAAs have long human half-lives (several years), body burdens remain elevated for many
years after exposure to contaminated drinking water ends.

The substantial increases in blood serum levels from low drinking water concentrations are of
concern because long-chain PFAAs are associated with human health effects at blood serum levels
prevalent in the general population, even without additional drinking water exposure. Although
limitations in the epidemiological data preclude their use as the basis for quantitative risk
assessment, these human data provide support for a public health protective approach in
development of MCLs based on animal data. Long-chain PFAAs cause multiple toxicological
effects in laboratory animals, including some at low doses. Evaluation of mode of action data
indicates that these toxicological effects are adverse and relevant to humans. In risk assessment of
long-chain PFAAS, animal-to-human extrapolations must be based on internal doses (e.g. blood
serum levels), not administered doses, because of the same administered dose results in a much
higher internal dose in humans than in animal species.

Factors considered in Development of New Jersey Recommended MCLs for PFOA, PFOS and
PENA

The NJ DWQI developed MCL recommendations of 13 ng/ml for PFNA in 2015, 14 ng/L for
PFOA in 2017, 13 ng/L for PFOS in 2018. The MCL for PFNA was adopted by NJDEP in
September 2018, and the MCL recommendations for PFOA and PFOS are currently used by NJDEP
as guidance for public water systems with detections of these contaminants.

As shown in Slide 3 of the attached PowerPoint presentation, the DWQI MCL recommendations
considered three factors: health effects (Health-based MCL), analytical limitations (Practical
Quantitation Level; PQL), and availability of drinking water removal treatment methods. For all
three of these PFAASs, achievement of the Health-based MCL was not limited by analytical or
treatment removal factors, and the Health-based MCL was therefore recommended as the MCL.
Links to DWQI MCL recommendations and technical reports on the health effects, analytical and
treatment removal considerations for PFOA, PFOS, and PFNA are provided in the citation list
below.



Human Health Risk Assessment for PFOA, PFOS, PENA and PFHXxS

PFOA

The basis for the New Jersey Health-based MCL for PFOA is presented in the NJ DWQI (2017)
document, “Health-Based Maximum Contaminant Level Support Document: Perfluorooctanoic
Acid (PFOA).” A detailed review of the basis of the USEPA Health Advisory for PFOA is found in
Appendix 2 of DWQI (2017). NJDEP comments on the ATSDR (2018) Draft Toxicological Profile
include comments on PFOA. Links to these NJDEP and DWQI documents are provided in the
citation list below. The NJDEP approach and conclusions for PFOA risk assessment are
summarized on Slides 16 - 23 of the attached PowerPoint presentation.

Two Reference Doses (RfDs) were developed for PFOA by DWQI (2017). The first RfD is based
on delayed mammary gland development from developmental exposure in mice. This was the most
sensitive endpoint for PFOA that provided dose-response data needed for RfD development. This
effect is well established, as it was observed in nine separate studies and in two strains of mice
(reviewed in detail on p. 130-136 of DWQI, 2017). It is considered to be adverse because structural
changes in the mammary gland persisted until adulthood, and there is no reason to discount its
human relevance. Furthermore, three human studies report that PFOA is associated with decreased
duration of breastfeeding. As noted in NJDEP comments to ATSDR, one of these studies,
Timmermann et al. (2016) was not cited by ATSDR. NJDEP disagrees with the USEPA and
ATSDR rationales for dismissal of this endpoint from consideration for risk assessment; see DWQI
(2017 - Appendix 2, p. 9-10) and p. 6-7 of NJDEP comments on the ATSDR Draft Toxicological
Profile.

As presented in a peer-reviewed publication (Post et al., 2012), BMDLs were developed for 10%
decreases in mammary gland developmental score and number of terminal endbuds (a quantitative
parameter) in gestationally exposed offspring from Macon et al. (2011). The RfD based on these
BMDLs is 0.11 ng/kg/day, and the Health-based MCL based on this RfD would be 0.77 ng/L.
Although this endpoint and RfD were judged to be scientifically valid, this Health-based MCL was
not recommended because there is no precedent for use of this endpoint as the primary basis for risk
assessment.

A second RfD of 2 ng/kg/day was based on increased liver weight in mice, with an uncertainty
factor of 10 for more sensitive developmental effects including delayed mammary gland
development and persistent liver toxicity. A detailed review of PFOA’s hepatic effects (beginning
on p. 111 of DWQI, 2017) concludes that increased liver weight caused by PFOA is adverse
because it co-occurs with and/or progresses to more severe types of hepatic toxicity. For this
reason, NJDEP does not agree with the USEPA and ATSDR conclusion that increased liver weight
from PFOA is reversible and not adverse based on the criteria of Hall et al. (2012). Additionally, a
detailed review of mode of action data concludes that these hepatic effects of PFOA are relevant to
humans. The NJDEP conclusions about mode of action and adversity are discussed on p. 10-14 of



the NJDEP comments on ATSDR (2018) Draft Toxicological Profile and on p. 181-190 of DWQI
(2017). The Health-based MCL based on the RfD of 2 ng/kg/day is 14 ng/L.

As shown on Slide 22 of the attached PowerPoint presentation, PFOA was classified as having
suggestive evidence of carcinogenicity by NJDEP and USEPA. NJDEP developed a cancer slope
factor of 0.021 (mg/kg/day)™? for testicular tumors in male rats from Butenhoff et al. (2012a). The
Health-based MCL based on this slope factor and the one-in-one million (1 x 10°) risk level
specified in the NJ Safe Drinking Water Act (N.J.S.A. 58: 12A) is 14 ng/L, identical to the value
based on non-carcinogenic effects.

Blood serum PFOA levels are expected in increase by about 5-fold from the median U.S. level from
exposure to the USEPA Health Advisory of 70 ng/L and about 2-fold from exposure to the NJ MCL
of 14 ng/L; see Appendix 2, p. 8 and 13 of DWQI (2017) and Slide 23 of attached PowerPoint
presentation. DWQI (2017) concluded that since “several health effects, some with evidence
supporting multiple criteria for causality, are associated with PFOA exposures at serum levels well
below those that would result from exposure to 70 ng/L in drinking water,” “elevations in serum
PFOA levels of the magnitude expected from ongoing exposure to 70 ng/L (the USEPA Health
Advisory) in drinking water are not desirable and may not be protective of public health.”

PFOS

The basis for the New Jersey Health-based MCL for PFOS is presented in the NJ DWQI (2018)
document, “Health-Based Maximum Contaminant Level Support Document: Perfluorooctane
Sulfonate (PFOS).” A detailed review of the basis of the USEPA Health Advisory for PFOS is
found in Appendix 2 of DWQI (2018). NJDEP comments on the recent ATSDR PFOS risk
assessment are included in NJDEP comments on the ATSDR (2018) Draft Toxicological Profile for
Perfluoroalkyls. The NJDEP approach and conclusions for PFOS risk assessment are summarized
on Slides 25 - 27 of the attached PowerPoint presentation.

Suppression of immune response to a foreign antibody, as indicated by decreased plaque forming
cell response, was identified by DWQI (2018) and NJDEP (Pachkowski, 2018) as the most
sensitive toxicological endpoint for PFOS. The NJDEP RfD for PFOS of 1.8 ng/kg/day is based on
suppression decreased plaque forming cell response in mice in Dong et al. (2009), and the basis for
this RfD is presented in a recent peer-reviewed publication (Pachkowski et al., 2018). Decreased
plagque forming cell response in mice has been reported in four studies of PFOS. It is well-
established as an endpoint for risk assessment was used as the basis for RfDs developed by USEPA
IRIS. As discussed in DWQI (2018) and Pachkowski et al. (2018), associations of PFOS with
decreased vaccine response (the analogous human effect) and increased incidence of infectious
disease support the human relevance of this effect.

Suppression of immune response has also been identified as a sensitive effect of PFOS by several
other federal, state and international agencies and academic researchers including NTP (2016),
ATSDR (2018), MDH (2017), EFSA (2018- draft), Dong et al. (2017), and Lilienthal et al.
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(2017). DWQI (2017 — Appendix 2, p. 305-306) and NJDEP (Pachkowski et al., 2018) conclude
that USEPA did not provide a supportable rationale for use of a less sensitive endpoint, decreased
rat offspring body weight (Luebker et al., 2005), as the basis for their PFOS RfD.

The NJDEP comments on ATSDR (2018) note that Keil et al. (2008) was not included in the
discussion of studies decreased plaque forming cell response in mice caused by PFOS, two recent
studies, Impinen et al. (2018) and Goudarzi et al. (2017) that reported epidemiological
associations of infectious disease with PFAAs, including PFOS, were not cited.

PFOS was classified as having suggestive evidence of carcinogenicity by NJDEP and USEPA.
DWQI (2018) developed a slope factor based on the incidence of hepatocellular tumors in female
rats in Butenhoff (2012b). Although the slope factor was judged too uncertain to use as the basis
for the MCL, the cancer risk at the MCL of 13 ng/L based on the RfD for immune system
suppression was estimated as 3 in one million, which is close to the New Jersey cancer risk goal of
one-in-one million.

Blood serum PFOS levels are expected in increase by about 3.7-fold from the median U.S. level
from exposure to the USEPA Health Advisory of 70 ng/L and about 1.5-fold from exposure to the
NJ MCL of 13 ng/L; see DWQI (2018) - Appendix 2, p. 304 and p. 311, and Slide 27 of attached
PowerPoint presentation. DWQI (2018) concluded that “there is substantial evidence from
epidemiology studies that decreased vaccine response occurs at levels of serum PFOS prevalent in
the general population,” and that “exposure to PFOS in drinking water at the USEPA Health
Advisory of 70 ng/L is predicted to increase serum PFOS concentrations to the upper end of this
range and higher. Therefore, the magnitude of elevations in serum PFOS levels expected from
ongoing exposure to PFOS in drinking water at the USEPA Health Advisory level are not desirable
and may not be protective of public health.”

PENA

The basis for the New Jersey Health-based MCL for PFOA is presented in the NJ DWQI (2015)
document, “Health-Based Maximum Contaminant Level Support Document: Perfluorononanoic
Acid (PFNA),” and in the NJDEP PFNA MCL rule proposal (NJDEP, 2017) and adoption
(NJDEP, 2018) documents. NJDEP approach and conclusions for PFNA risk assessment are
summarized on Slides 29 - 39 of the attached PowerPoint presentation.

In summary, toxicological database for PFNA is considerable and is sufficient for development of a
Health-based MCL. PFNA causes hepatic, immune system, developmental, renal, and male
reproductive toxicity; chronic carcinogenicity studies have not been conducted. The toxicological
effects and mode of action of PFNA are generally similar as PFOA. However, as compared to
PFOA, PFNA is more biologically persistent (longer half-life), and its effects occur at lower doses
and are more severe, in some cases.

Based on rodent half-life studies and limited human half-life data based on urinary excretion, the
human half-life of PFNA was estimated to be twice that of PFOA. As is the case for PFOA
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(discussed above), mode of action studies indicate that increased liver weight caused by PFNA is
adverse and relevant to humans. The Health-based MCL is based on increased liver weight in
pregnant mice (Das et al., 2015), the only study providing the numerical serum PFNA data needed
for dose-response analysis. Hepatic necrosis occurred at much lower doses and serum PFENA levels,
below those that increased liver weight, in another study (Stump et al., 2008), but this study could
not be used for quantitative risk assessment because numerical serum PFNA data were not
provided. As such, an uncertainty factor of 3 was applied to protect for more sensitive effects at
lower doses.

Two rat studies that provide important toxicological data for PFNA (Stump et al., 2008; Mertens
et al., 2010) were not cited by ATSDR (2018), and NJDEP commented to ATSDR that these
studies should be considered. These are the longest duration toxicological studies of PFNA (13
weeks and 18-21 weeks), and they report toxicity at a much lower administered dose and serum
PFNA levels shorter duration studies. In these studies, rats were dosed with a technical mixture of
PFAS (Surflon S-111) consisting primarily of PENA (74%), with smaller percentages of other
perfluorocarboxylic acids (perfluoroundecanoic acid (C11), 20%; perfluorotridecanoic acid (C13),
5%; PFOA, perfluorodecanoic acid, and perfluorododecanoic acid (C12), <1%). A detailed
evaluation of the data from these studies concluded that toxicological effects were primarily caused
by PFNA,; see p. 39-41 of DWQI (2015).

An additional recent study of male reproductive toxicity of PFNA (Singh and Singh, 2018) was not
available to DWQI (2015) or ATSDR (2015) and should be considered. The citation is provided
below.

PFEHXS

Although New Jersey has not developed a formal risk assessment for PFHxS, NJDEP scientists
have reviewed the current toxicological literature for this compound. The following key studies on
toxicity of PFAS were not cited by ATSDR (2018) and should be considered: Das et al. (2017),
Chang et al. (2018) and Ramhgj et al. (2018). Citations are provided below.

We hope that this information is helpful to NHDES in its development of MCLs for PFOA, PFOS,
PFNA, and PFHXS. If you have questions or need additional information, please feel free to contact
Dr. Gloria Post of the NJDEP Division of Science and Research at gloria.post@dep.nj.gov.

Sincerely,

Gary A. Buchanan, Ph.D.
Director

Attachments
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