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Executive Summary

The U.S. Environmental Protection Agency (EPA) is issuing final subchronic and chronic oral
toxicity values (i.e., reference doses, or RfDs) for 2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)propanoic acid (Chemical Abstracts Service Registry Number (CASRN)
13252-13-6)—or hexafluoropropylene oxide (HFPO) dimer acid—and ammonium 2,3,3,3-
tetrafluoro-2-(heptafluoropropoxy)propanoate (CASRN 62037-80-3)—or HFPO dimer acid
ammonium salt. These chemicals are also known as “GenX chemicals” because they are the two
major chemicals associated with GenX processing aid technology. The toxicity assessment for
GenX chemicals is a scientific and technical report that provides an assessment of all available
toxicity and carcinogenicity data and includes toxicity values associated with potential noncancer
health effects following oral exposure (in this case, oral RfDs). This toxicity assessment
evaluates human health hazards. It is not a risk assessment as it does not include an exposure
assessment nor an overall risk characterization. Further, the toxicity assessment does not address
the legal, political, social, economic, or technical considerations involved in risk management.
The GenX chemicals toxicity assessment can be used by EPA, states, tribes, and local
communities, along with specific exposure and other relevant information, to determine, under
the appropriate regulations and statutes, if, and when, it is necessary to take action to address
potential risk associated with human exposures to GenX chemicals.

These GenX chemicals are organic fluorinated ether chemicals that are part of a larger group of
chemicals referred to as “per- and polyfluoroalkyl substances” or PFAS. In 2006, EPA initiated a
stewardship program with the goal of eliminating chemical emissions of perfluorooctanoic acid
(PFOA) and related chemicals by 2015. GenX chemicals are replacements for PFOA.
Specifically, GenX is a trade name for a processing aid technology that enables the creation of
fluoropolymers without the use of PFOA. Information on specific products containing these
chemicals is not available, however, GenX chemicals may be used in the manufacture of the
same or similar commercial fluoropolymer end products that formerly used PFOA.
Fluoropolymers are used in many applications, including the manufacture of nonstick coatings
for cookware, water repellent garments, and other specialty agrochemical and pharmaceutical
applications.

For HFPO dimer acid and its ammonium salt, acute, short-term, subchronic, chronic, and
reproductive and developmental oral animal toxicity studies are available in rats and mice.
Limited information identifying health effects in animals from inhalation of or dermal exposures
to GenX chemicals is available. Repeated-dose toxicity data are available for oral exposure, but
not for the other exposure routes (inhalation and dermal exposures). Thus, this assessment
applies only to the oral route of exposure. These studies report liver toxicity (increased relative
liver weight, hepatocellular hypertrophy, apoptosis, and single-cell/focal necrosis), kidney
toxicity (increased relative kidney weight), immune effects (antibody suppression),
hematological effects (decreased red blood cell count, hemoglobin, and hematocrit),
reproductive/developmental effects (increased early deliveries, placental lesions, changes in
maternal gestational weight gain, and delays in genital development in offspring), and cancer
(liver and pancreatic tumors). Overall, the available toxicity studies demonstrate that the liver is
particularly sensitive to HFPO dimer acid- and HFPO dimer acid ammonium salt-induced
toxicity. Consistent with the Guidelines for Carcinogen Risk Assessment (EPA, 2005a), EPA

Xi
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concluded that there is Suggestive Evidence of Carcinogenic Potential of oral exposure to GenX
chemicals in humans, based on the female hepatocellular adenomas and hepatocellular
carcinomas and male combined pancreatic acinar adenomas and carcinomas observed in the
chronic 2-year study in rats.

EPA followed the general guidelines for risk assessment set forth by the National Research
Council (1983) and EPA’s Framework for Human Health Risk Assessment to Inform Decision
Making (EPA, 2014a) in determining the point of departure (POD) for the derivation of the RfDs
for these chemicals. Consistent with the recommendations presented in EPA’s A Review of the
Reference Dose and Reference Concentration Processes (EPA, 2002), EPA applied uncertainty
factors (UFs) to address intraspecies variability, interspecies variability, and extrapolation from a
subchronic to a chronic exposure duration.

The critical study chosen for determining the subchronic and chronic RfDs for HFPO dimer acid
and/or its ammonium salt was the oral reproductive/developmental toxicity study in mice with a
no-observed-adverse-effect level (NOAEL) of 0.1 milligram per kilogram per day (mg/kg/day)
based on liver effects (a constellation of lesions, including cytoplasmic alteration, hepatocellular
single-cell and focal necrosis, and hepatocellular apoptosis) in females (DuPont-18405-1037,
2010; NTP, 2019). EPA determined that the constellation of liver lesions observed in the rodent
are relevant to human health and not a result of PPARa-induced cell proliferation unique to
rodents. Using EPA’s Benchmark Dose Technical Guidance Document (EPA, 2012), EPA
conducted benchmark dose modeling to empirically model the dose-response relationship in the
range of observed data. Additionally, EPA’s Recommended Use of Body Weight’? as the Default
Method in Derivation of the Oral Reference Dose (EPA, 2011b) was used to allometrically scale
a toxicologically equivalent dose of orally administered agents from adult laboratory animals to
adult humans. Allometric scaling addresses some aspects of cross-species extrapolation of
toxicokinetic and toxicodynamic processes (i.e., interspecies UFs). The resulting POD human
equivalent dose is 0.01 mg/kg/day. UFs applied include a 10 for intraspecies variability, 3 for
interspecies differences, and 10 for database deficiencies, including immune effects and
additional developmental studies, to yield a subchronic RfD of 0.00003 mg/kg/day or 0.03
ug/kg/day. In addition to those above, a UF of 10 was also applied for extrapolation from a
subchronic to a chronic duration in the derivation of the chronic RfD of 0.000003 mg/kg/day or
0.003 pg/kg/day.

Xii
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1.0 Introduction and Background

1.1 History of Assessment of GenX Chemicals

In 2008, DuPont de Nemours, Inc. (hereinafter DuPont) submitted premanufacture notices
(PMNs) to the U.S. Environmental Protection Agency (EPA) under the Toxic Substances
Control Act (TSCA) (Title 15 of the United States Code § 2601 ef seq.) for two chemicals—
2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoic acid (Chemical Abstracts Service Registry
Number (CASRN) 13252-13-6)—or hexafluoropropylene oxide (HFPO) dimer acid—and
ammonium 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate (CASRN 62037-80-3)—or
HFPO dimer acid ammonium salt—which are part of the GenX processing aid technology they
developed.

Note: In July 2015, DuPont announced it had separated its Performance Chemicals segment
through the creation of The Chemours Company. As a result, the GenX processing technology
and associated chemicals are now products of The Chemours Company (Chemours, 2018).
Because the submitted studies were conducted prior to the 2015 separation, however, the studies
are referenced with DuPont identifiers.

Upon receipt, EPA assigned these PMNs case numbers P-08-0508 and P-08-0509, and they were
reviewed by the New Chemicals Program in the Office of Pollution Prevention and Toxics
(OPPT) and posted in the Federal Register (73 FR 46263, August 8, 2008) for public comment
(EPA, 2008). A PMN assessment was completed and included a hazard assessment based on
EPA review of test data submitted to the agency with the PMNs (including two 28-day oral
(gavage) toxicity studies in mice (DuPont-24459, 2008) and rats (DuPont-24447, 2008)), as well
as publicly available literature and TSCA confidential business information on other per- and
polyfluoroalkyl substances (PFAS). Submitted test data on HFPO dimer acid and/or its
ammonium salt were available for numerous endpoints such as acute toxicity, metabolism and
toxicokinetics, genotoxicity, and systemic toxicity in mice and rats with dosing durations of up to
28 days.

EPA OPPT evaluated the methods and data submitted and deemed the studies acceptable to the
agency. The studies submitted in 2008 with the PMNs formed the primary basis of EPA’s hazard
assessment at that time. The 28-day toxicity study in mice, from which EPA OPPT derived the
point of departure (POD) of 0.1 milligrams per kilogram per day (mg/kg/day), was conducted
according to Organization for Economic Cooperation and Development (OECD) Test Guideline
(TG) 407 (OECD, 2008a) and followed Good Laboratory Practices (GLP) (DuPont-24459, 2008;
OECD, 2008a). The submitted studies were also used, in concert with information on other
PFAS chemicals, to inform the decision to require further testing, as described in the Consent
Order that concluded the PMN review (EPA, 2009).

The Consent Order included, among other things, additional testing pertaining to human health.
The tests were identified in the Consent Order according to OECD TG numbers and/or EPA
health effects TGs for pesticides and toxic substances numbers. Following are the studies
included in the Consent Order relevant to human health and this assessment:

e Repeated dose metabolism and pharmacokinetics studies (OPPTS 870.7485) in mice and
rats (Dupont-18405-1017, 2011)


https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2008-0598
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e Modified Oral (Gavage) Reproduction/Developmental Toxicity Study in Mice (OECD
TG 421) (Dupont-18405-1037, 2010; OECD, 2016a)

e 90 Day Oral (Gavage) Toxicity Study (OECD, 1998) (species not specified): Both mice
(DuPont-18405-1307, 2010) and rats (Dupont-17751-1026, 2009) were submitted

e Combined Chronic Toxicity/Oncogenicity Study in Rats (OECD, 2009) (Dupont-18405-
1238, 2013)

The OECD TGs are accepted internationally as standard methods for safety testing and:

...are covered by the Mutual Acceptance of Data, implying that data generated in the
testing of chemicals in an OECD member country, or a partner country having adhered to
the Decision, in accordance with OECD Test Guidelines and Principles of GLP, be
accepted in other OECD countries and partner countries having adhered to the Decision,
for the purposes of assessment and other uses relating to the protection of human health
and the environment (OECD, 2018a).

Specifically, for the required oral reproductive/developmental toxicity test, EPA OPPT included
requirements for specific modifications to the test to increase the robustness of the study for this
class of chemicals (DuPont-18405-1037, 2010; OECD, 2016a). These modifications are stated in
the Consent Order (EPA, 2009) and were followed by the testing laboratory as outlined in the
study report (DuPont-18405-1037, 2010). For the required combined chronic
toxicity/oncogenicity study, EPA reviewed and concurred with protocols submitted to the agency
prior to the study being conducted (DuPont-18405-1238, 2013). In addition, the submitter
consulted with EPA on study findings to determine the need for additional data (e.g., further
toxicokinetic testing based on results of the first tier OPPTS 870.7485 study). Finally, while not
specifically required under the Consent Order, DuPont conducted and submitted results for
additional OECD TG studies for Agency review (e.g., the prenatal and developmental toxicity
study in rats (OECD, 2001b) (DuPont-18405-841, 2010).

1.2 Uses of GenX Chemicals under TSCA

GenX is a trade name for a processing aid technology developed by DuPont to make high-
performance fluoropolymers without the use of perfluorooctanoic acid (PFOA) (Chemours,
2018). Transition to GenX processing aid technology began in 2009 as part of the company’s
commitment under the 2010/2015 PFOA Stewardship Program to work toward the elimination of
these chemicals from emissions and products by 2015. Although production of most long-chain
PFAS has been phased out in the United States and has been generally replaced by production of
shorter chain PFAS, EPA is aware of ongoing use of long-chain PFAS by companies that did not
participate in the PFOA Stewardship Program and ongoing use of the chemicals available in
existing stocks or being newly introduced via imports.

Fluoropolymers are used in many applications because of their unique physical properties such
as resistance to high and low temperatures, resistance to chemical and environmental
degradation, and nonstick characteristics. Fluoropolymers also have dielectric and fire-resistant
properties that have a wide range of electrical and electronic applications, including architecture,
fabrics, automotive uses, cabling materials, food processing, electronics, pharmaceutical and
biotech manufacturing, and semiconductor manufacturing (Gardiner, 2014).
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One of the two PMNs EPA received in 2008, P-08-0508, was for HFPO dimer acid, a chemical
used as an intermediate to make the polymerization aid HFPO dimer acid ammonium salt. The
PMN for HFPO dimer acid ammonium salt was received by EPA under PMN P-08-0509 and is
used as a replacement for PFOA in the manufacture of fluoropolymers. The GenX resin
manufacturing process includes the thermal transformation of the HFPO dimer acid ammonium
salt processing aid into a hydrophobic hydride. HFPO is used in the manufacture of HFPO dimer
acid, HFPO dimer acid ammonium salt, other HFPO dimer acid derivatives, fluoropolymers
(including polyethers), and other specialty agrochemical and pharmaceutical applications.
Information on specific products containing GenX chemicals is not available, however, GenX
chemicals may be used in the manufacture of the same or similar commercial fluoropolymer end
products that formerly used PFOA. GenX chemicals may also be generated as a byproduct of
fluoromonomer production. When in water, both HFPO dimer acid and HFPO dimer acid
ammonium salt dissociate to form the HFPO dimer acid anion (HFPO") as a common analyte.
HFPO is manufactured from hexafluoropropene. HFPO dimer acid can react with additional
HFPO to form the HFPO trimer acid and longer polymer fluorides. Other PFAS chemicals might
be part of the GenX processing aid technology, but HFPO dimer acid and its ammonium salt are
the major chemicals associated with this technology.

1.3 Occurrence

GenX chemicals were identified in North Carolina’s Cape Fear River and its tributaries in the
summer of 2012 (Strynar et al., 2015). Following this discovery, between June and December
2013, Sun et al. (2016) sampled source water at three drinking water treatment plants (DWTPs)
(identified as DWTPs A, B, and C) treating surface water from the Cape Fear River watershed.
The mean concentration of HFPO dimer acid in the finished drinking water treated by DWTP C
was 0.631 microgram per liter (ug/L) (Sun et al., 2016). In a separate experiment to look at
removal efficiency of DWTP C, water samples were taken during August 2014 from the raw
water intake and after each treatment process step used by DWTP C (i.e., coagulation/
flocculation/sedimentation, raw and settled water ozonation, biological activated carbon
filtration, and disinfection by medium-pressure ultraviolet lamps and free chlorine). GenX
chemicals were found at concentrations of 0.4—0.5 pg/L at all steps of the treatment process,
indicating that the concentrations of HFPO dimer acid were only slightly decreased by the
conventional and advanced water treatment processes used at this DWTP.

The publication of these data prompted the North Carolina Department of Environmental Quality
to sample sites for GenX chemicals along the Cape Fear River and in private wells close to the
Chemours facility. In certain samples of surface water, groundwater, and finished drinking water,
GenX chemicals were detected above 0.140 pg/L, which is North Carolina’s drinking water
health goal for GenX chemicals (NCDEQ, 2018c). Chemours has indicated that GenX chemicals
have been discharged into the Cape Fear River for several decades as a byproduct of other
manufacturing processes (NCDEQ, 2017). Petre et al. (2021) quantified the mass transfer of
PFAS from contaminated groundwater to five tributaries of the Cape Fear River, including GenX
chemicals. HFPO dimer acid and another fluoroether accounted for 61% of the total quantified
PFAS. The study authors calculated that 32 kg/year of PFAS discharges from the groundwater to
the five tributaries and the movement of these fluoroethers from the groundwater through the
subsurface and into the streams occurred in less than the past 50 years. These data indicate that
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the discharge of contaminated groundwater has led to long-term contamination of surface water
and could lead to subsequent impacts on downstream drinking water (Petre et al, 2021).

Community concern over the detection of GenX chemicals in the Cape Fear Watershed led to the
initiation of the GenX exposure study in Wilmington, North Carolina'. Blood samples from 344
Wilmington residents were collected between November 2017 and May 2018 and repeated blood
samples from 44 of the participants were collected 6 months after the first sample collection. The
blood sampling coincided with source control of GenX chemicals, and it is unknown whether
study participants were drinking tap water at the time of collection. GenX chemicals were not
detected above the analytical reporting limit of 2 ng/mL in any of the blood samples collected
(Kotlarz et al., 2020).

GenX chemicals and other PFAS were also analyzed in 2682 urine samples from 2013-2014
National Health and Nutrition Examination Survey (NHANES) participants > 6 years of age
(Calafat et al., 2019). GenX chemicals were one of the few tested PFAS to be detected in the
urine and was detected in approximately 1.2% of the population. The limit of detection was 0.1
ng/L. Importantly, this study demonstrated that the urine does not appear to be a good biomarker
for PFAS. For example, PFOA and PFOS were detected in serum samples for > 98% of this
study population, yet PFOA and PFOS were only detected in paired urine samples for <0.1% of
the same population.

In a report submitted by The Chemours Company to EPA, 24 human plasma samples were
analyzed for HFPO dimer acid and were found at concentrations ranging from 1.0 ng/mL — 51.2
ng/mL. In seven of the samples, HFPO dimer acid was not detected above the analytical
reporting limit of less than 1.0 ng/mL. No additional information about the study participants
was provided in the report (DuPont- C30031 516655, 2017). GenX chemicals have been
identified in other media, including rainwater and air emissions. North Carolina Department of
Environmental Quality estimates for the Chemours Fayetteville Works plant (in the North
Carolina Cape Fear watershed) indicate that Chemours’ annual emissions of GenX chemicals
could have exceeded 2,700 pounds per year during the reporting period (2017-2018) (NCDEQ,
2018a). Additional details on air emissions of GenX chemicals at the Fayetteville Works plant
can be found at

https://files.nc.gov/ncdeq/GenX/2018 April6_Letter to Chemours DAQ_FINAL signed.pdf.
Rainwater samples were collected between February 28 and March 2, 2018 up to 7 miles from
the North Carolina plant (NCDEQ, 2018b). The highest concentration of GenX chemicals in a
rainwater sample (0.810 pg/L) was detected 5 miles from the Fayetteville Works facility center.
The three samples collected 7 miles from the plant ranged from 0.045 to 0.060 pg/L (NCDEQ,
2018b). GenX chemicals also have been detected in three on-site production wells and one on-
site drinking water well at the Chemours Washington Works facility in Parkersburg, WV. EPA
subsequently requested that Chemours test for GenX chemicals in both raw and finished water at
four public drinking water systems and 10 private drinking water wells. Chemours agreed to the
testing and completed sampling during February 2018. The results from these samples are
available at https://www.epa.gov/sites/production/files/2018-
04/documents/hfpo_chemours_wash works sampling 2018.pdf and range before treatment
from less than 0.010-0.081 pg/L in the public drinking water systems and less than 0.010-0.052

Uhttps://genxstudy.ncsu.edu/
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pug/L in the private drinking water wells (EPA, 2018a). All samples were below the limit of
detection (0.010 pg/L) after treatment (EPA, 2018a).

Additionally, between the summer of 2016 and March 2018, GenX chemicals were identified in
surface water and some soil samples collected upstream and downwind of a fluoropolymer
production facility in Parkersburg, WV (Galloway et al., 2020). The highest concentrations of
HFPO dimer acid in surface water samples (37-227 ng/L) were found in the direction of
prevailing winds, directly across the Ohio River to the north and upstream to the northeast of the
plant on the East Fork of the Little Hocking River. HFPO dimer acid was found in surface water
samples up to 24 kilometers north of the facility, close to Beverly, OH. HFPO dimer acid was
also detected in soil samples from Drag Strip Road, Veto Lake, and the Little Hocking Water
Association at concentrations ranging from 3.09 nanograms per gram (ng/g) to 8.14 ng/g. These
data reveal the downwind atmospheric transport of HFPO dimer acid.

Low concentrations of HFPO dimer acid (0.003—0.004 pg/L) were detected in the Delaware
River, as reported in the recent publication by Pan et al. (2018).

The Kentucky Department of Environmental Protection (2019) reported detecting HFPO dimer
acid in 11 samples from DWTPs at concentrations ranging from more than 1.32 ng/L to 29.7
ng/L. The study analyzed DWTPs using both surface water and ground water as sources and
found the most frequent and highest detections of HPFO dimer acid at plants that use the Ohio
River and ground water from the Ohio River alluvial aquifer as sources. For HFPO dimer acid,
10 detections were from surface water DWTPs and one detection was from a ground water
DWTP. The ground water DWTP reported the highest concentration of HFPO dimer acid of all
detections.

Globally, GenX chemical occurrence has been reported in Germany (Heydebreck et al., 2015;
Pan et al., 2018), China (Heydebreck et al., 2015; Pan et al., 2017, 2018; Song et al., 2018), the
Netherlands (Heydebreck et al., 2015; Gebbink et al., 2017; Pan et al., 2018), the United
Kingdom (Pan et al., 2018), South Korea (Pan et al., 2018), and Sweden (Pan et al., 2018).
HFPO dimer acid was also detected with a mean concentration of 30 pg/L in Artic surface water
samples, suggesting long range transport (Joerss et al., 2020).

1.4 Other Assessments of GenX Chemicals

1.4.1 North Carolina Assessment

The North Carolina Department of Health and Human Services (NC DHHS) released a health
assessment and provisional drinking water health goal for GenX chemicals in July 2017, which
was finalized in October 2018 (NCDEQ, 2018c). North Carolina defines “health goal” as a
nonregulatory, non-enforceable level of contamination below which no adverse health effects
would be expected over a lifetime of exposure. The provisional health goal for exposure to GenX
chemicals in drinking water is 0.140 pg/L, which is intended to protect the most sensitive
population, namely bottle-fed infants. The state selected bottle-fed infants as the most sensitive
population because they drink the largest volume of water per body weight (BW).

North Carolina’s provisional health goal is based on a reference dose (RfD) derived from a
NOAEL of 0.1 mg/kg/day for liver effects (single-cell necrosis) in mice (DuPont-24459, 2008;
DuPont-18405-1037, 2010). The total UF applied was 1,000, including individual factors to
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account for interspecies variability (10), intraspecies variability (10), and extrapolation from a
subchronic to a chronic exposure duration (10). This RfD of 0.0001 mg/kg/day was used to
derive a drinking water equivalent level (DWEL), which considers exposure. The DWEL was
calculated using BW and drinking water intake for bottle-fed infants and a relative source
contribution of 20% to account for potential exposure to GenX chemicals from other media and
routes, including air, soil, dust, and food (NCDEQ, 2018c). Additional details are available at
NC DHHS.

1.4.2 Report by the Netherlands National Institute for Public Health and the
Environment

The National Institute for Public Health and the Environment (RIVM) in the Netherlands
evaluated the data for GenX chemicals to set a safe limit for air. RIVM’s assessment focused on
the precursor 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoic acid (FRD-903) (a synonym
for HFPO dimer acid), the processing agent ammonium 2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)propanoate (FRD-902) (a synonym for HFPO dimer acid ammonium salt),
and the transformation product heptafluoropropyl 1,2,2,2-tetrafluoroethyl ether (E1). Overall,
RIVM concluded that there is no health risk expected for people living near plants from
emissions of FRD-902 and FRD-903 at a limit of 73 nanograms per cubic meter (insufficient
data are available to determine the toxicity of E1) (Beekman et al., 2016). RIVM used the oral
carcinogenicity study in rats as the critical study (DuPont-18405-1238, 2013) and concluded that
the study NOAEL was 0.1 mg/kg/day, based on increased albumin and the albumin-to-globulin
(A/G) ratio observed at 12 months in males dosed with 1 mg/kg/day, an effect that indicates the
potential for immunotoxicity. Using route-to-route extrapolation, RIVM converted this NOAEL
to an air concentration to be used as the POD. UFs to account for intraspecies differences (10)
and interspecies differences (1.8), and an additional factor to account for uncertainty in the
human elimination of GenX chemicals (66) were applied to the POD to determine the chronic
inhalation limit.

2.0 Nature of the Stressor
2.1 Chemical/Physical Properties

HFPO dimer acid and its ammonium salt are fluorinated organic compounds (Figure 1).

F F F F OH F F F F o T+
T AR T
F F F F—FO F F F F——FO H
F F
HFPO dimer acid HFPO dimer acid ammonium salt
CASRN 13252-13-6 CASRN 62037-80-3

Figure 1. Structure of HFPO Dimer Acid and HFPO Dimer Acid Ammonium Salt
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HFPO dimer acid is a liquid whereas its ammonium salt is a solid at room temperature. Both are
highly soluble in water. Except in very acidic solvents (pH less than 3), the acid will dissolve and
be present as the acid anion with a -1 charge. The associated cation ion will be a hydronium ion
(H30") in water if other hydrogen ion acceptors are absent. Both compounds can volatilize from

water to air, where they will dissolve in aerosolized water droplets or bind to suspended
particulate matter. In soils, they will migrate with the aqueous phase or bind to the soil particle
surfaces with areas of positive charge. The organic portions of HFPO dimer acid and its
ammonium salt are stable to environmental degradation. Table 1 presents the chemical and
physical properties of HFPO dimer acid and its ammonium salt.

Table 1. Chemical and Physical Properties of HFPO Dimer Acid and HFPO Dimer Acid

Ammonium Salt

HFPO dimer acid ammonium

HFPO dimer ammonium salt

C3 dimer salt

Ammonium, 2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)propanoate
Ammonium perfluoro(2-methyl-3-

Property HFPO dimer acid salt Source

CASRN 13252-13-6 62037-80-3 Chemical Abstracts

Service.

CAS Index Name |Propanoic acid, 2,3,3,3- Propanoic acid, 2,3,3,3- Chemical Abstracts
tetrafluoro-2-(1,1,2,2,3,3,3- tetrafluoro-2-(1,1,2,2,3,3,3- Service.
heptafluoropropoxy) heptafluoropropoxy)-ammonium

salt (1:1)

JUPAC Name 2,3,3,3-tetrafluoro-2- azanium;2,3,3,3-tetrafluoro-2- PubChem.
(1,1,2,2,3,3,3- (1,1,2,2,3,3,3-
heptafluoropropoxy)propanoic | heptafluoropropoxy)propanoate
acid

Synonyms GenX Acid GenX salt308 DuPont-24637, 2008;
FRD 903 FRD 902 DuPont- 24698, 2008.
H-28307 FDR 90208
C3 dimer acid H-21216
2,3,3,3-tetrafluoro-2- H-27529
(heptafluoropropoxy)propanoic | H-28072
acid H-28397

H-28308
H-28548

oxahexanoate)

PMOH
Chemical Formula CGHFl 103 C6H4F1 1NO3
Molecular Weight |330.06 g/mol 347.08 g/mol
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HFPO dimer acid ammonium

Property HFPO dimer acid salt Source
Color/Physical Clear, colorless liquid Solid DuPont-24637, 2008;
State (20 OC, 101.3 kPa) DuP0nt-24698, 2008.
Boiling Point 129 °C 108 °C (as 86% salt solution in DuPont-24637, 2008;
water) DuPont-24698, 2008.
No measurement available for salt
form

Melting Point <-40.0 °C -21.0 °C (as 86% salt solution in | DuPont-24637, 2008;

water)

No measurement available for salt
form

DuPont-24698, 2008.

Vapor Pressure

306 Pa (2.7 mm Hg)
(20 °C)

No measurement available

DuPont-24128, 2008;
DuPont-24129, 2008.

Henry’s Law
Constant

<2.5x 10* atm-m*/mol

No measurement available

Calculated from
measured vapor
pressure and highest
measured solubility.
Water solubility is
reported to be “infinite”
(DuPont-24128, 2008;
DuPont-24129, 2008),
so the actual Ky, is
expected to be much
lower. These values
should not be used to
estimate partitioning
between water and air.

Pka

2.84 (20 °C)

3.82

DuPont-26349, 2008.

Pk,

8.1

8.1

DuPont-24198, 2008
(HFPO dimer acid
ammonium salt).

KOC

Soil-12 L/Kg (log 1.10)
Sludge—12.6 L/Kg (log = 1.08)

DuPont-17568-1675,
2008.

KOW

Not applicable?

Not applicable?

Solubility in Water
@20°C

>751 g/L

>739 g/L

Highest tested values.
Actual solubility not
determined but
described as “infinite”
(DuPont-24128, 2008;
DuPont-24129, 2008).
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HFPO dimer acid ammonium

Half-life (T1) in
Air

Property HFPO dimer acid salt Source
Half-life (T12) in | Stable Stable Measured hydrolysis
Water values for salt. No
25°0) degradation in 5 days at

50 °C and pH 4, 7, and
9 (DuPont-24199,
2008).

Stable Stable Ultraviolet-visible and

visible
spectrophotometry
spectra for acid showed
little absorption above
240 nm (DuPont-26349,
2008). EPA concurs
with DuPont’s
assessment that the salt
is assumed to be
similar. Measured OH-
reaction rate for E1
reaction product
indicates T'2 > 37
years.

Biodegradation

Biodegradation was not
observed in ready
biodegradation and inherent
biodegradation tests

Biodegradation was not observed
in ready biodegradation and
inherent biodegradation tests

DuPont-A080558,
20009;

DuPont-1388231-
R2009NCO031(a)-02,
2010; DuPont-1388231-
R2009NCO031(s)-02,
2010.

Bioconcentration
(Fish BCF)

<30 (log<1)

<30 (log < 1)

Measured BCF® < 30 at
0.02 mg/L and < 3 at
0.2 mg/L in Medaka 28
days (DuPont-A080560,
2009).

Bioaccumulation
(Field BAF)

<10

<10

Pan et al., 2017.¢

Notes: °C = degrees Celsius; atm-m?/mol = atmosphere cubic meters per mole; BAF = bioaccumulation factor; BCF =
bioconcentration factor; g/L = grams per liter; g/mol = grams per mole; International Union of Pure and Applied Chemistry
(IUPAC); Koc = soil-water partition coefficient for organic compounds; Kow = octanol-water partition coefficient; kPa =
kilopascals; L/kg = liters per kilogram; mg/L = milligrams per liter; mm Hg = millimeters of mercury; nm = nanometer; Pka =
acid dissociation constant; Pky = base dissociation constant; T, = half-life.
2 Surfactants are surface acting agents that lower the interfacial tension between two liquids. Their amphiphilic nature (i.e., they
contain both a hydrophilic part and a hydrophobic part) causes them to accumulate at interfaces such as the water-air interface,
the water-food interface, and glass walls, which hampers the determination of their aqueous concentration. These surfactant
properties present difficulties in applying existing methods for the experimental determination of log Kow and produce

unreliable results.

® The concentration of the propionate ion was not quantified in the BCF study, so the values are limits based on the limit of
quantification for the analytical technique employed in the study.
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¢ Pan et al. (2017) quantified the propionate ion and found that the concentrations were low in the tissues expected to most likely
accumulate perfluorinated compounds (e.g., muscle, blood, and so forth). The tissue values indicate a BAF less than 10. Lipid
tissue concentrations are not the basis for this BAF as is common for “traditional” organic compounds.

2.2 Environmental Fate

HFPO dimer acid and its ammonium salt are stable to photolysis, hydrolysis, and biodegradation.
The degradation data suggest that the substances will be persistent (i.e., have a half-life (T1/)
longer than 6 months) in air, water, soil, and sediments. Based on measured physical-chemical
and sorption data, they are expected to run off into surface water and to rapidly leach to ground
water from soil and landfills. As seen with PFOA and chemicals with similar properties, HFPO
dimer acid and its ammonium salt might undergo long-range atmospheric transport in the vapor
phase and associated with particulates. They are not expected to be removed during conventional
wastewater treatment or conventional drinking water treatment.

When released to the freshwater environment, HFPO dimer acid will dissociate to the HFPO
carboxylate anion and H3O". The ammonium salt will dissolve to the HFPO carboxylate anion
and the ammonium cation (NH4"). It is expected that other salts of the HFPO dimer acid (e.g.,
potassium and sodium salts) will behave similarly. Both have high solubilities in water and are
expected to remain in water with low sorption to sediment or soil. Given the vapor pressure, the
acid can partition to air as well as to water. The salt can also be transported in air, although the
mechanism of vapor phase transport is not understood (DuPont CCAS, 2009). In the vapor
phase, the acid and salt are expected to be stable to direct photolysis and will undergo hydroxyl
radical catalyzed indirect photolysis very slowly.

2.2.1 Water

Measured data for HFPO dimer acid and/or ammonium salt show that they are highly soluble in
water (Table 1). The measured base dissociation constants (pKy) indicate that the chemicals will
exist primarily as the propionate ion at most environmental pH levels.

The chemicals are stable to hydrolysis. A hydrolysis study on the ammonium salt found no
degradation at pH 4, 7, and 9 at 50 degrees Celsius (°C) in 5 days, indicating a hydrolysis T1 of
more than 1 year at 20 °C (DuPont-24199, 2008). Calculated Henry’s Law constants (Table 1)
suggest that partitioning from water to air might occur. Experimental data on the transfer of the
acid and salt from water to air indicate that partitioning from surface water to the vapor phase
might occur and some transfer from surface water to air is expected (DuPont CCAS, 2009).
Water-air transport of these chemicals, however, is not well understood. Their surfactant
properties, equilibrium between chemical forms as a function of pH, and interaction with
dissolved cations make it difficult to accurately predict how the chemicals will behave in the
aquatic environment.

2.2.2 Air

The acid was described as having “a significant vapor pressure” (DuPont CCAS, 2009). As
observed with PFOA and other perfluorochemicals, these chemicals could be transported in the
vapor phase or could associate with particulate material and be transported with the solids when
released or partitioned into air.
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When released to air or volatilized from water, the chemicals are stable and short- and long-
range transport has occurred (D’ Ambro et al., 2021; Galloway et al., 2020). For example,
D’Ambro et al. (2021) demonstrated that just 2.5% of the total GenX concentrations (defined as
the HFPO dimer acid and HFPO dimer acid fluoride) emitted from a fluoropolymer
manufacturing facility in North Carolina were deposited within 150 kilometers of the facility.
Removal from air is expected to occur through scavenging by water droplets and attachment to
particulates followed by precipitation and settling. No studies of long-range transport or air
removal rates are available.

2.2.3 Sediments and Soils

Organic carbon normalized sorption coefficients were measured by high-performance liquid
chromatography (HPLC) (following OECD, 2001a). The sorption of the HFPO dimer acid
ammonium salt to soil and sludge were 12.0 liters per kilogram (L/kg) (log = 1.10) and 12.6 L/kg
(log = 1.08), respectively (DuPont-17568-1675, 2008; OECD, 2001a). Their high water
solubility and low sorption potential indicate that the chemicals will tend to remain largely in
water with little partitioning to soil or sediment. If applied or deposited to soil, they will run off
or leach to ground water and, as indicated by the vapor pressure, could volatilize to air.

2.2.4 Biodegradation

GenX chemicals are resistant to biodegradation; no degradation was observed in standardized
internationally recognized test methods for biodegradability. The aerobic aquatic biodegradation
T2 is on the order of years based on no measured inherent biodegradation of the acid or
ammonium salt in OECD 302C, modified Ministry of International Trade and Industry studies
(DuPont-1388231-R2009NC031(a)-02, 2010; DuPont-1388231-R2009NC031(s)-02, 2010;
OECD, 2008b).2 The HFPO dimer acid ammonium salt showed no inhibition of activated sludge
respiration (OECD TG 209) (OECD, 2010a) at up to 1,000 milligrams per liter (mg/L) (DuPont-
25938 RV1, 2008).

2.2.5 Incineration

A preliminary study submitted to EPA by DuPont/Chemours indicates that thermal degradation
occurs (DuPont-PMN Attachment 119, 2008) and the potential for significant removal during
incineration exists. Thermal degradation was reported to be rapid for HFPO dimer acid and/or its
ammonium salt. The acid T1» was reported to be about 2,500 seconds (about 42 minutes) at 150
°C and about 1,900 seconds (about 32 minutes) at 200 °C. The salt T2 was 500 seconds (8.3
minutes) at 150 °C and 200 seconds (3.3 minutes) at 200 °C (DuPont-PMN Attachment 119,
2008).

2.2.6 Bioaccumulation

Measured steady-state fish BCFs in medaka (Oryzias latipes) exposed to the acid at 0.2 mg/L
and 0.02 mg/L in a flow-through system for 28 days were less than 3 and less than 30,
respectively (DuPont-A080560, 2009). These BCF results were observed—BCFs of less than 3

2 HFPO dimer acid aerobic aquatic biodegradation Ti, = 0% by biochemical oxygen demand (BOD) and 1.5% by
high-performance liquid chromatography-tandem mass spectrometry (HPLC/MS/MS); HFPO dimer acid
ammonium salt aerobic aquatic biodegradation Ty, = < 1% by BOD and 0% by HPLC/MS/MS in 28 days (DuPont-
1388231-R2009NC031(a)-02, 2010; DuPont-1388231-R2009NC031(s)-02, 2010).
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and less than 30 when exposures were 0.2 mg/L and 0.02 mg/L of the acid, respectively—under
the same conditions in common carp (Cyprinus carpio) (Hoke et al., 2016). A field-derived BAF
was determined from a water body impacted by industrial perfluoroether releases. The log BAFs
for specific tissues in the carp were 0.86 for blood, 0.50 for liver, and 0.61 for muscle. The tissue
values indicate a BAF of less than 10 (Pan et al., 2017).

In a 4-day trout hepatocyte bioaccumulation screening test (non-TG) with the HFPO dimer acid
ammonium salt, no metabolism was observed, suggesting that in vivo metabolism does not
significantly affect potential bioaccumulation (DuPont-23459, 2007).

2.3 Toxicokinetics

In rats and mice, HFPO dimer acid and its ammonium salt are both absorbed from the
gastrointestinal tract at levels that are proportional to dose following acute oral exposures.
Transfer from plasma/serum to the liver, but not adipose tissue, was demonstrated in the few
studies that conducted tissue analysis. The potential for maternal transfer to the fetus (Conley et
al., 2019; Blake et al., 2020) during development and to the neonate during lactation (DuPont-
18405-1037, 2010) was noted. Urine is the primary pathway for excretion. Based on data from
studies of acute, single-dose, gavage, and intravenous exposures, T1,2s in the beta (elimination)
phase are longer in male rats and mice than in females. The male rats’ T1.s in the beta
(elimination) phase are relatively comparable to those for the male and female monkeys, whereas
the female rats’ Ti/2s are shorter.

HFPO dimer acid is a strong acid (acid dissociation constant (pKa) = 2.84) and will be
predominantly ionized in aqueous solutions with pH values higher than 4 and in both plasma and
serum (DuPont-26349, 2008). Once in solution, the cation that counterbalances the HFPO dimer
anion will vary with the salt used or the mineral ion composition of the solvent, plasma, serum,
intercellular, and intracellular fluids. Based on the physical and chemical properties of HFPO
dimer acid and its ammonium salt, once these chemicals enter physiologic compartments with
pH values higher than 4 (e.g., most ambient water, serum, or blood), they will either dissociate
(acid) or dissolve (ammonium salt) to yield the carboxylate anion. Thus, what is being measured
in the studies outlined in this section is the HFPO dimer acid anion concentration regardless of
whether animals are dosed with HFPO dimer acid or its ammonium salt.

2.3.1 Absorption

Oral. Sprague Dawley (Crl:CD(SD)) rats (five of each sex (5/sex)) were administered (via
gavage) a single oral dose of 30 milligrams per kilogram (mg/kg) HFPO dimer acid ammonium
salt in aqueous solution (purity 84%) in a study conducted according to EPA TG OPPTS
870.7485. Two animals of each sex served as controls. Urine and feces were collected at 0—6
hours, 6—12 hours, 12-24 hours, and every 24 hours until 168 hours post-dose. The 0—12-hour
urine collections accounted for a mean of 95% to 97% of the dose, supporting a conclusion that
these GenX chemicals are rapidly absorbed from the GI tract by male and female rats (DuPont-
18405-1017 RV1, 2011).

In a similar guideline study with Crl/CD-1(ICR) mice (5/sex) (OPPTS 870.7485), the animals
were administered a single oral dose of 3 mg/kg HFPO dimer acid ammonium salt (purity 84%)
by gavage in aqueous solution (DuPont-18647-1017 RV 1, 2011). Two animals of each sex
served as controls. Urine and feces were collected at 0—6 hours, 6—12 hours, 12—24 hours, and
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every 24 hours until 168 hours post-dose. In the 0—12-hour urine collections, 31% (mean) of the
substance was found for the males and 39% (mean) for the females. By 168 hours post-dosing,
the total accumulated urine values accounted for 90% and 92% of the total dose for male and
female mice, respectively, indicating that both rats and mice extensively absorb the HFPO dimer
acid anion. This study additionally shows mice either incompletely absorb HFPO dimer acid
anions or eliminate it in urine at a slower rate than was seen in the rats (DuPont-18647-1017
RV1, 2011).

A 28-day gavage study by Rushing et al. (2017) indicates a potentially more complex
toxicokinetic profile for HFPO dimer acid when dosing occurs over multiple days. Groups of six
male and six female C57BL/6 mice were given doses of 1, 10, or 100 mg/kg/day of HFPO dimer
acid daily for 28 days. Serum concentrations were measured at intervals of 1, 5, 14, and 28 days,
and urine concentrations were measured on days 1, 2, 3, 5, 10, and 14. At each time point, serum
levels reflected the magnitude of the dose, but not the exposure duration. The peak serum
concentration occurred at day 5 for all but the high-dose males, where it occurred at day 14.
Serum measurements for the 1- and 10-mg/kg/day doses were lower on days 14 and 28 than on
day 5. The differences in serum concentration between days 5, 14, and 28 are not explained by
the study authors, but could possibly indicate changes in absorption, tissue storage, or
elimination after repeated dosing. The males exposed to 10 and 100 mg/kg/day had higher serum
and urine concentrations than the females, as described in section 2.3.5 (Excretion). Based on the
higher serum and urine concentrations, there appeared to be greater absorption in males than in
females.

In a repeated-dose study following OECD TG 408 (OECD, 1998) guidelines, HFPO dimer acid
ammonium salt (purity 84%) was administered to Crl:CD1(ICR) mice for 95 (males) or 96
(females) consecutive days via gavage at doses of 0, 0.1, 0.5, and 5 mg/kg/day (DuPont-18405-
1307, 2010). Ten animals per sex per group (animals/sex/group) were included for toxicity
evaluation, and an additional 15/sex/group were included for quantitation of the test substance
plasma concentration 2 hours after dosing on day 0 (the first day of dosing) (5/sex/dose),
providing a measure of post-dosing absorption (Table 2). Overall, plasma concentrations
increased with increasing dose, indicating that absorption was not saturated, and displayed broad
standard deviations indicative of considerable inter-animal variability in the absorption. The
doses evaluated differ from those used by Rushing et al. (2017), limiting comparisons of the
postexposure serum and plasma data. The sex difference seen by Rushing et al. (2017) (i.e.,
where male uptake to serum for the 1 and 10 mg/kg/day doses at the end of day 1 was greater
than female uptake) is not as apparent at 2 hours post-dosing in this dataset.

Table 2. Plasma Concentration in Crl:CD1(ICR) Mice at 2 Hours after the First Gavage
Exposure to HFPO Dimer Acid Ammonium Salt

Dose
mg/kg/day Males Females
pg/mL SD pg/mL SD
0 Not detected® N/A Not detected N/A
0.1 0.736 0.099 0.824 0.072

13



OCTOBER 2021

Dose

mg/kg/day Males Females
0.5 3.806 1.197 3.606 1.308
5 42.58 5214 35.34 9.262

Source: Dupont-18405-1307, 2010.
Notes: N/A = not applicable; pg/mL = micrograms per milliliter; SD = standard deviation.
2 Detection limit of the method was 0.005 pg/mL in plasma.

Inhalation. There are no studies investigating HFPO dimer acid or its ammonium salt’s uptake
following inhalation exposures of aerosols. In a study conducted by Dupont (17751-723, 2009),
one group of 5 male and 5 female Crl:CD(SD) rats were exposed to 5,200 milligrams per cubic
meter (mg/m?) and two groups of male and female Crl:CD(SD) rats (3/sex/group) were exposed
to aerosols containing 0, 13, and 100 mg/m?® of HFPO dimer acid ammonium salt (84% purity)
for a single 4 hour period. One male and one female rat exposed to air only were used as the
control. The rats in the 0, 13, and 100 mg/m? groups had a 2-day recovery period. The rats in the
5,200 mg/m?* group recovered for 14-days. There were no measurements of the chemical in
serum or plasma, however, to support an estimate of absorption by way of the respiratory tract.

Dermal. Absorption of HFPO dimer acid ammonium salt through the skin was determined in
vitro with rat and human skin specimens (DuPont-25292, 2008). HFPO dimer acid ammonium
salt (86% purity) was diluted with water to a concentration of 124 milligrams per milliliter
(mg/mL). Serial receptor fluid samples were collected at 0.5, 1, 2, 3,4, 5,6, 7, 8, 12, and 24
hours and analyzed for cumulative HFPO anion concentration.

Steady-state penetration rates were 70.3 = 5.3 and 6.2 + 5.3 micrograms per square centimeter
per hour for rat and human skin, respectively, which yielded dermal permeability coefficients of
5.71E-4 £ 4.3E-5 centimeters per hour (cm/hr) for rats and 5.02E-5 + 4.3E-5 cm/hr for humans.
These dermal kinetic parameters demonstrate dermal absorption occurs, but at a relatively slower
rate than chemicals that are well absorbed dermally.

2.3.2 Distribution

Crl:CD(SD) rats (3/sex/dose) were administered a single oral dose of 10 or 30 mg/kg by gavage
in aqueous solution of either HFPO dimer acid ammonium salt (purity 84.5%) or HFPO dimer
acid (purity 98%) (DuPont-24281, 2008; DuPont-24286, 2008). Plasma samples were collected
at0,0.25,0.5,1,2,4,8, 12,24, 48, 72,96, 120, 144, and 168 hours, as described in section 2.3.6
(Clearance and Half-life Data). Liver and fat samples were presumed to be collected for analysis
after the 168-hour plasma sample collection. In male rats dosed with HFPO dimer acid
ammonium salt, the mean concentration in plasma at 168 hours post-dose was 0.036 + 0.011
micrograms per milliliter (ug/mL) (36 + 11 nanograms per milliliter (ng/mL)) for the low dose
(10 mg/kg) and 0.057 £ 0.036 pg/mL (57 = 36 ng/mL) for the high dose (30 mg/kg). In male rats
dosed with HFPO dimer acid, the mean concentration in plasma at 168 hours post-dose was
0.041 £ 0.01 pg/mL (41 £ 10 ng/mL) for the low dose (10 mg/kg) and 0.128 £+ 0.023 pg/mL (128
+ 23 ng/mL) for the high dose (30 mg/kg). In female rats, plasma concentrations of HFPO dimer
acid anion were not above the limit of quantification (LOQ) in any sample at 168 hours post-
dosing. In males dosed with HFPO dimer acid ammonium salt, the mean concentration of HFPO
dimer acid anion in the liver 168 hours post-dose was 73 & 25 ng/g for the low dose (10 mg/kg)
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and 38 &+ 15 ng/g for the high dose (30 mg/kg). In males dosed with HFPO dimer acid, the mean
concentration of HFPO dimer acid anion in the liver 168 hours post-dose was 24 + 6 ng/g for the
low dose (10 mg/kg) and 89 + 4 ng/g for the high dose (30 mg/kg). The mean liver tissue-to-
plasma concentration ratio was higher in males for the ammonium salt (2.19) than for the acid
(0.64) at the low dose (10 mg/kg). At the high 30 mg/kg dose, the liver tissue-plasma
concentration ratio values in male rats were similar: 0.78 for the ammonium salt and 0.71 for the
acid. Females at both doses, however, had a lower accumulation of HFPO dimer acid and its
ammonium salt in the liver than in the male did. Overall, 10 out of 12 female rats dosed with
HFPO dimer acid or its ammonium salt had undetectable concentrations of HFPO dimer acid
anion in the liver (LOQ = 20 ng/g). Two females dosed with HFPO dimer acid ammonium salt at
the low dose (10 mg/kg) had liver HFPO dimer acid anion concentrations above the LOQ,
containing 20.6 and 54.1 ng/g of HFPO dimer acid anion. Females dosed with HFPO dimer acid
did not have liver anion concentrations above the LOQ (20 ng/g). HFPO dimer acid anion
concentrations in the fat tissue samples were below the LOQ of 20 ng/g in all the rats given
HFPO dimer acid or HFPO dimer acid ammonium salt (DuPont-24281, 2008; DuPont-24286,
2008).

Crl:CD1(ICR) mice (3/sex/dose) were administered a single oral dose of 10 or 30 mg/kg by
gavage in aqueous solution of HFPO dimer acid ammonium salt (purity 86%) (DuPont-25300,
2008). Unlike the rat studies, HFPO dimer acid was not evaluated in the mice. Plasma samples
were collected at 0, 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48, 72, 96, 120, 144, and 168 hours, as described
in section 2.3.6 (Clearance and Half-Life Data). Liver and fat samples were presumed to be
collected for analysis after the 168 hour plasma sample collection. In males, the mean
concentration of HFPO dimer acid anion in the liver was 384 &+ 472 ng/g for the low dose

(10 mg/kg) and 457 + 337 ng/g for the high dose (30 mg/kg). The mean concentration in fat
tissue was 31.6 ng/g in males for the high dose (30 mg/kg) and less than the LOQ (20 ng/g) for
the low dose (10 mg/kg) and for both doses in females.

In male mice, the mean concentration in plasma at 168 hours post-dose was 0.759 + 0.946
pg/mL (759 + 946 ng/mL) for the low dose (10 mg/kg) and 0.83 £ 0.618 pg/mL (830 £ 618
ng/mL) for the high dose (30 mg/kg). In females, only one of three mice in each dose group had
a plasma concentration above the LOQ at 168 hours post-dose, which was 0.0232 pg/mL (23.2
ng/mL) for the high dose (30 mg/kg) and 29.2 ng/g for the low dose (10 mg/kg). Based on the
plasma and liver concentrations reported in the study, a liver-to-plasma ratio was calculated for
males, but not for females because the females did not have liver concentrations above the LOQ.
At the low dose (10 mg/kg), the average male liver-to-plasma ratio was 0.52, and at the high
dose (30 mg/kg), it was 0.58.

Because the perfluorinated portion of the HFPO dimer acid ether is similar to that of the
perfluorinated alkane acids (e.g., PFOA), HFPO dimer acid and its ammonium salt are
anticipated to be transported in serum either freely dissolved or bound to serum protein (Gomis
et al., 2018). Additionally, studies have demonstrated that the major serum protein interaction
site for some PFAS, including PFOA and perfluorohexanoic acid (PFHxA), is albumin (D’eon et
al., 2010; Han et al., 2003). Considering these points and that albumin is the major transport
protein in the blood, it is likely that GenX chemicals are also distributed via serum albumin
(Peters, 1995). Indeed, Allendorf et al. (2019) demonstrate that bovine serum albumin binds
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HFPO dimer acid, and that the albumin/water partition coefficient is in the same range as other
PFAS (e.g., perfluorobutanoic acid (PFBA) and perfluorohexane sulfonic acid (PFHxS)).

A study by Sheng et al. (2018) reported that the HFPO dimer acid anion also binds to fatty acid-
binding protein (FABP). FABPs are intracellular lipid carrier proteins for long-chain fatty acids,
phospholipids, and a variety of chemicals that induce peroxisome proliferation (Erol et al.,
2003). They constitute 2%—5% of the cytosolic protein in the liver. FABPs can be synthesized in
the gastrointestinal tract and act as a systemic carrier of long-chain fatty acids in plasma and
serum (Storch and McDermott, 2009). Thus, FABPs likely play a role in the systemic
distribution of HFPO dimer acid in both its neutral and ionized forms.

2.3.3 Distribution during Gestation and Lactation

HFPO dimer acid ammonium salt can be transferred (distributed) from a pregnant animal to the
fetus, as demonstrated in multiple studies. In an OECD TG 421 (OECD, 2016a)
reproduction/developmental toxicity study (DuPont-18405-1037, 2010), pregnant Crl:CD1(ICR)
mice (25/sex/group) were administered, by gavage, 0, 0.1, 0.5, or 5 mg/kg/day HFPO dimer acid
ammonium salt from premating day 14 to lactation day (LD) 20/21. Blood was collected from
the dams 2 hours after dosing on LD/postnatal day (PND) 21 (scheduled termination) and
pooled. The litters were normalized on PND4 to 8 pups per litter (4/sex). Blood was collected
and pooled from the pups not randomly selected on PND4. The HFPO dimer acid anion was
present in the pooled plasma of PND4 pups at concentrations approximately two to four times
lower than the concentrations in the dams on LD21. These results indicate that there is transfer of
HFPO dimer acid anion from maternal serum. The PND/LD21 plasma levels in both male and
female pups, however, were forty- to sixtyfold lower than the maternal LD21 plasma

concentrations, indicating that the majority of fetal transfer occurred during gestation (DuPont-
18405-1037, 2010).

Blake et al. (2020) demonstrated that HFPO dimer acid can be transferred from the pregnant dam
to the embryo during gestation. Pregnant CD-1 mouse dams were dosed from embryonic day (E)
1.5 to E11.5 or E17.5 with either deionized water (vehicle control), 1 or 5 mg/kg/day of PFOA,
or 2 or 10 mg/kg/day of HFPO dimer acid. At E11.5 and E17.5, serum and a portion of the
hepatic left lateral lobe were collected from pregnant dams after the final dose. Amniotic fluid
was collected by needle aspiration from litters euthanized on E11.5 and whole embryos were
collected on E11.5 and E17.5 to determine the concentration of HFPO dimer acid. HFPO dimer
acid was detected in both the amniotic fluid and the whole embryo at 2 and 10 mg/kg/day and at
both time points, demonstrating transfer of HFPO dimer acid from the pregnant dam to the fetus
during gestation (Table 3).

Table 3. Concentrations of HFPO Dimer Acid in CD1 Pregnant Mice and Their Embryos
at Embryonic Day 11.5 or 17.57

HFPO dimer acid
Embryonic
Measurement” day 2 mg/kg/day 10 mg/kg/day
11.5 33.5+15.7 118.1 +10.4
Maternal Serum (ug/mL)
17.5¢ 229+ 17.1 58.5+34.5
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HFPO dimer acid
Embryonic
Measurement” day 2 mg/kg/day 10 mg/kg/day

11.5 3622 93+2.0
Amniotic Fluid (ug/mL)

17.5 NQ NQ

11.5 545+3.43 19.9+42
Maternal Liver (ng/g)

17.5 4.56 +2.80 142+7.6

11.5 0.91+0.22 3.21+0.51
Whole Embryo (ng/g)

17.5 323+1.28 7.69 +£2.92

Source: Blake et al., 2020.

Notes: pg/mL = micrograms per milliliter; pg/g = micrograms per gram embryo weight; SD = standard deviation; NQ = not
quantified due to limited volume.

aFor each reported measurement in this table, N = 68 per group.

b Limit of detection was 0.010 pg/mL; note all vehicle control samples were below the limit of detection.

¢ HFPO dimer acid was detected in the serum of vehicle control mice in the E17.5 group (0.211 £ 0.55 pg/mL).

HFPO dimer acid concentrations increased with increasing dose in all samples. The
concentration of HFPO dimer acid in the whole embryo increased from E11.5 to E17.5 in both
dose groups, indicating bioaccumulation in the embryo over the gestational period. Conversely,
the concentration of HFPO dimer acid in the maternal serum decreases from E11.5 to E17.5 in
both dose groups. The authors note that the decrease in maternal serum HFPO dimer acid could
be the result of increased transfer to embryos over time or to dilution effect from blood volume
expansion over the course of gestation.

In the DuPont-18405-1037 (2010) study, generally, the standard deviations were large in all dose
groups, especially as compared to PND21. The male pups tended to have slightly higher plasma
concentrations of HFPO dimer acid anion than the female pups at PND40. For example, at the
0.1 mg/kg/day-dose group, the concentration of HFPO dimer acid anion was 1.352 and 0.946
pg/mL (1,352 and 946 ng/mL) in male and female pups, respectively. Similarly, at the 0.5
mg/kg/day-dose group, the concentration of HFPO dimer acid anion was 6.282 and 4.074 ng/mL
(6,282 and 4,074 ng/mL) in male and female pups, respectively, and it was 51.34 pg/mL (51,340
ng/mL) in male pups and 43.34 pg/mL (43,340 ng/mL) in female pups at 5 mg/kg/day (DuPont-
18405-1037, 2010).

Transfer of HFPO dimer acid anion to the fetus was also demonstrated in groups of five
Crl:CD(SD) rats exposed to doses of 0, 5, 10, 100, or 1,000 mg/kg/day from gestation day (GD)6
to GD20 (Dupont-18405-849 RV1, 2011). On GD20, blood was collected from individual dams
2 hours after dosing and trunk blood was collected from the fetuses and pooled by litter for
analysis. The plasma concentration in the blood samples from the dams was three times higher
than the plasma concentration in the pooled blood of their fetuses. The detection of HFPO dimer
acid anion in the pooled fetus plasma demonstrates gestational transfer from dam to fetus.

Similarly, Conley et al. (2019) demonstrated transfer of HFPO dimer acid anion to the fetus by
measuring serum concentrations of pregnant Crl:CD(SD) rats exposed to 0, 1, 3, 10, 30, 62.5,
125, 250, and 500 mg/kg/day HFPO dimer acid ammonium salt from GD14 through GD18.
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Serum was collected from the dams in all dose groups and plasma was collected from the fetuses
in the 0, 1, 3, 10 and 30 mg/kg/day groups. On GD18, trunk blood was collected from individual
dams 2 hours after dosing and blood was collected from the fetuses’ jugular vein and pooled per
litter for analysis. HFPO dimer acid anion was detected in the pooled fetal plasma at all doses
and the concentration increased with increasing maternal dose (Table 4). The study authors noted
that, while the increases in maternal serum and fetal plasma were linear in the lower dose range
(0-30 mg/kg/day), the maternal slope was significantly greater than the fetal slope. The maternal
serum concentration of HFPO dimer acid anion increased 0.46 pg/mL (460 ng/mL) per 1 mg/kg
increase in maternal dose while the fetal plasma concentration increased 0.12 pg/mL (120
ng/mL) per 1 mg/kg increase in maternal dose. Additionally, the study authors modeled uptake
over the full maternal dose range (1-500 mg/kg) (Table 4) using exponential one-phase
association and determined that a plateau was reached at 112 &+ 15 pg/mL (112,000 £ 15,000
ng/mL), indicative of uptake saturation (Conley et al., 2019).

Table 4. Maternal Serum and Fetal Plasma Concentrations on GD18 in Crl:CD(SD) Rats
Exposed to HFPO Dimer Acid Ammonium Salt from GD14-18

Pregnant dam serum Fetal plasma
Oral dose

mg/kg/day pg/mL SE pg/mL SE
0 0.027 0.008 0.018 0.01
1 0.68 0.08 0.13 0.06
3 1.2 0.3 0.49 0.04

10 4.6 1.1 1.9 0.2
30 13.9 3.1 3.5 0.4
62.5 30.7 29 N/A N/A
125 46.0 10.3 N/A N/A
250 81.8 21.6 N/A N/A
500 100.7 26.4 N/A N/A

Source: Conley et al., 2019, Table S10.
Notes: pg/mL = micrograms per milliliter; N/A = not applicable because no sample collected at that dose; SE = standard error.

Conley et al. (2021) also demonstrated transfer of HFPO dimer acid anion to the fetus and pup
by measuring serum concentrations of pregnant Crl:CD(SD) rats exposed to 0, 1, 3, 10, 30, 62.5,
or 125 mg/kg/day HFPO dimer acid ammonium salt from GD16 through GD20 or to 0, 10, 30,
62.5, 125, or 250 mg/kg/day from GDS through PND2. Serum was collected from the dams and
fetuses in all dose groups on GD20 in the GD16-20 experiment and from the dams on PND2 in
the neonatal experiment. In the GD16—20 experiment, trunk blood and liver samples were
collected from both dams and fetuses 2 to 4 hours after the final oral dose on GD20. Fetal serum
was pooled per litter for analysis. On PND2 in the neonatal experiment, trunk blood and liver
samples were collected from the dams 2 to 5.5 hours after the final oral dose and liver samples
were collected from the pups. Maternal serum and liver HFPO dimer acid anion concentrations
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increased as a function of dose during both experiments (Table 5). The study authors noted that
there was no statistically significant difference in serum or liver concentration within a given
dose group between the two experiments indicating that bioaccumulation did not occur after
longer exposure. HFPO dimer acid anion was detected in the pooled fetal serum at all doses and
the concentration generally increased with increasing maternal dose. Regression analyses
showed that fetal and maternal serum concentrations increased log-linearly as a function of
maternal oral dose, and maternal serum concentrations were approximately 2- to 3-fold greater
than fetal serum concentrations. Liver concentrations of HFPO dimer acid anion in dams,
fetuses, and pups also increased log-linearly. The fetal and maternal liver concentrations on
GD20 were nearly identical for the 30—-125 mg/kg/day dose levels. On PND2, male pup liver
concentrations were significantly greater than female pup liver concentrations, which was most
prominent at the 125 mg/kg/day dose level. PND2 liver concentrations for both sexes were
approximately 10-fold lower than concentrations observed in GD20 fetal livers.

Table 5. Maternal and Offspring HFPO Dimer Acid Anion Concentrations in Serum and
Liver Samples Collected on GD20 or PND2 from Crl:CD(SD) Rats Orally Exposed to
HFPO Dimer Acid Ammonium Salt from GD16-20 or GD8-PND2

Maternal Fetal serum Maternal Maternal Maternal Female pup Male pup
Oral dose | serum GD20 GD20 serum PND2 | liver GD20 | Fetal liver |liver PND 2 | liver PND 2 | liver PND 2
mg/kg/day | (pg/mL) (ng/mL) (ng/mL) (ng/g) | GD20 (ng/g) | (ngle) (ng/g) (ng/g)
0 0.016 +£0.014 [ 0.014 + 0.008 <LOQ 0.29+0.12 | 0.07+0.04 | 0.14+0.05 | 0.07 +0.021 <LOQ
1 0.54+0.10 | 0.33+0.03 NA 2.11+0.78 | 0.23+0.09 NA NA NA
3 1.15+£0.28 | 1.56+0.84 NA 3.18+1.01 | 0.46+0.05 NA NA NA
10 3.05+0.90 | 3.14+0.71 1.76 £0.60 | 3.70+0.92 | 2.07+0.18 | 290091 | 0.21+0.05 | 0.22+0.02
30 7.46+2.59 | 2.74+1.88 | 422+0.83 | 836+2.35 | 9.09+096 | 442+1.21 | 0.64+0.14 | 1.10+0.26
62.5 13.81+£3.76 | 7.63+£1.16 | 16.09+588 | 21.65+3.81 | 22.30£4.96 | 22.93+7.23 | 1.64+0.11 | 2.37+0.60
125 31.96 £6.67 | 11.68 £2.77 | 28.39+£9.63 | 42.82+£9.05 |44.08 +10.54|43.99+£15.57| 1.83+0.83 | 4.96+1.36
250 NA NA 41.57+£1291 NA NA 45.88 £14.43 NA (1?381)

Source: Conley et al., 2021, Table S11.

Notes: Values reported as mean + standard error of the mean (SEM); sample size n = 2—6 except where noted; LOQ = limit of
quantitation (0.005 pg/mL for serum, 0.1 pg/g for liver); pg/mL = micrograms per milliliter; pg/g = micrograms per gram; N/A =
not applicable because no sample collected at that dose.

In the studies of rats dosed during pregnancy in which plasma concentrations in both the dams
and fetuses were measured at GD20 (Dupont-18405-849 RV1, 2011) or GD18 (Conley et al.,
2019), the HFPO dimer acid anion plasma concentration ratio for dams to fetuses is
approximately two to four. In the study of mice dosed during pregnancy (Dupont 18405-1037,
2010), plasma concentrations were measured in dams on LD21 and in pups on PND4, PND21,
and PND40. If the plasma concentrations in dams on LD21 are assumed to be representative of
those on LD4, the comparison to pup plasma concentrations on PND4 indicate a dam-to-pup
plasma concentration ratio of two to four. Together these data indicate the efficiency of transfer
in rats and mice is of a similar magnitude.

19



OCTOBER 2021

2.3.4 Metabolism

In two in vitro studies, hepatocytes (1 x 10° cells/mL for clearance incubations and 5 x 10°
cells/mL for biotransformation incubations) prepared from male and female Crl:CD(SD) rats
were incubated with 2 micromolar (uM) (clearance) or 200 uM (biotransformation) solutions of
HFPO dimer acid ammonium salt for a total of 120 minutes (DuPont-23460, 2007). Samples
were analyzed for HFPO dimer acid ammonium salt and potential metabolites at 5, 15, 30, 45,
60, 90, and 120 minutes. Heat-inactivated hepatocytes were used as negative controls and 4-
nonylphenol in live hepatocytes were used as a positive control. There was no difference in the
concentration of HFPO dimer acid between the viable and heat-inactivated hepatocytes,
indicating that HFPO dimer acid ammonium salt is not metabolized by rat hepatocytes.
Additionally, no metabolites were detected in the biotransformation incubation samples
(DuPont-23460, 2007). Similar in vitro studies were conducted in rat hepatocytes in Gannon et
al. (2016). Hepatocytes (1 x 10° cells/mL for clearance incubations and 5 x 10° cells/mL for
biotransformation incubations) prepared from male and female Crl:CD(SD)rats were incubated
with 5 uM (clearance) or 50 uM (biotransformation) solutions of HFPO dimer acid ammonium
salt for a total of 120 minutes. Heat-inactivated hepatocytes were used as negative controls and
samples were collected at 0, 30, 45, 60, 90, and 120 minutes. Gannon et al. (2016) concluded that
the test substance was not metabolized by rat hepatocytes because there was no difference in
clearance rate between live and heat-inactivated hepatocytes and no metabolites were identified.

In the single oral (gavage) study of rats described in section 2.3.1 (Absorption), the total
accumulated amount of HFPO dimer acid ammonium salt at 168 hours post-dosing in the
collected urine accounted for 103% + 2.73% and 99.8% + 6.41% of the administered dose for
male and female rats, respectively, and there was no detection of metabolites (DuPont-18405-
1017 RV1, 2011).

Similarly, in the single oral (gavage) study of mice described in section 2.3.1 (Absorption), the
total accumulated amount of HFPO dimer acid ammonium salt accounted for 89.5% + 6.91%
and 91.5% =+ 6.04% of the total dose for male and female mice, respectively, and there was no
detection of metabolites in the urine (DuPont-18647-1017 RV1, 2011).

2.3.5 Excretion

Urine. Studies in rats, mice, and monkeys indicate that urine is the primary excretory pathway
for GenX chemicals. In the DuPont-18405-1017 RV1 (2011) study, Crl:CD(SD)rats (5/sex)
administered a single oral (gavage) dose of 30 mg/kg HFPO dimer acid ammonium salt excreted
95% to 97% of the dose in urine within 12 hours. The pooled urine collections accounted for
virtually all the substance administered with no evidence of metabolic alteration. Study authors
calculated the elimination T, in the urine for male and female rats to be 3 hours and 8 hours,
respectively. In a companion study, Crl/CD1(ICR) mice (5/sex) were administered a single oral
(gavage) dose of 3 mg/kg HFPO dimer acid ammonium salt (purity 84%) (DuPont-18647-1017
RV1, 2011). Urinary elimination in mice appeared to be less efficient than in the rats given that
only 31% (mean) and 39% (mean) of the dose material was found in the 12-hour pooled urine for
the male and female mice, respectively. At 168 hours post-dosing, the mean values for the
pooled urine samples accounted for 90% and 92% of the total dose for the male and female mice,
respectively (DuPont-18647-1017 RV 1, 2011). Study authors calculated the elimination Ti/ in
the urine for male and female mice to be 21 hours and 18 hours, respectively. Based on the
amounts in urine and the clearance from blood (see section 2.3.6), mice appear to have less of an

20



OCTOBER 2021

ability than rats to clear the HFPO dimer acid anion by transferring it to urine in the early
postexposure period. The differences in the results of these studies might have been influenced
by the different doses given to the rats (30 mg/kg) and the mice (3 mg/kg) (DuPont-18647-1017
RV1, 2011; DuPont-18405-1017 RV1, 2011).

The dynamic relationship across dose and exposure duration observed in serum measurements
from the Rushing et al. (2017) study is also reflected in their data on urinary excretion. Urine
concentrations were monitored on exposure days 1, 2, 3, 5, 10, and 14. For the 1- and 10-
mg/kg/day doses, urinary concentration peaked on day 3 and, thereafter, declined monotonically.
Males had higher urine concentrations than females at each time point, consistent with their
higher serum concentrations. For the 100-mg/kg/day-dose group, the concentrations in urine
peaked at day 2 and again at day 14 in males while in females they appeared to peak at 5 days
followed by a decline at 10 and 14 days.

Feces. Fecal elimination of HFPO dimer acid appears to be minor in rats and mice in the
available single-dose studies (DuPont-18405-1017 RV1, 2011; DuPont-18647-1017 RV1, 2011).
Specifically, feces + cage wash (dried fecal matter) from male and female rats had 2% and 6% of
recovered compound, respectively, while feces + cage wash from male and female mice had 12%
and 8% of recovered compound, respectively. The data for combined fecal matter and cage wash
suggest that mice might lose slightly more HFPO dimer acid through fecal matter than rats. Low
fecal excretion could reflect low levels of hepatic loss via biliary excretion.

2.3.6 Clearance and Half-Life Data

Clearance time. In multiple study reports, the study authors did not calculate pharmacokinetic
parameters such as Ty, or area under the curve and instead defined the metric “clearance time” as
the time when 98.4% of the anion from the HFPO dimer acid ammonium salt was cleared from
the plasma.

A total of 12 Crl:CD(SD) rats, 3/sex/dose, received a single oral dose of 10 or 30 mg/kg/day
HFPO dimer acid ammonium salt (84.5% purity) by gavage (Dupont-24281, 2008). Plasma
samples were collected from animals serially at 0, 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48, 72, 96, 120,
144, and 168 hours. In males, plasma levels peaked within the first 1-2 hours after dosing for the
low dose, and within the first 30 minutes to 1 hour for the high dose. By days 4 to 5, plasma
concentrations were less than 1% of the peak level, although still above the LOQ (0.02 pg/mL
(20 ng/mL)). In females, the plasma levels peaked at 1 hour for the low dose and had usually
declined to the LOQ (0.02 pg/mL (20 ng/mL)) by 24 hours. At the 30-mg/kg dose, the plasma
levels of female rats peaked at 30 minutes to 1-hour post-dosing and declined to the LOQ (0.02
pg/mL (20 ng/mL)) by 24 or 48 hours. In male rats, the authors identified 12 hours as the
clearance time at the low dose and 22 hours at the high dose (Table 6). In female rats, the
clearance values were 4 hours and 8 hours for the low dose and high dose, respectively.
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Table 6. Clearance Times in Plasma for Male and Female Rats and Mice Following a Single

Oral Dose?
Chemical Male rat Male mouse Female rat Female mouse
10 mg/kg
HFPO dimer acid ammonium salt 12 hr 143 hr 4 hr 57 hr
HFPO dimer acid 28 hr ND 8 hr no data
30 mg/kg
HFPO dimer acid ammonium salt 22 hr 139 hr 8 hr 62 hr
HFPO dimer acid 22 hr ND 4 hr no data

Sources: Dupont-24281, 2008; Dupont-24286, 2008; Dupont-25300, 2008.
Notes: hr = hour
2“Clearance time” is defined as the time when 98.4% of the HFPO dimer acid ammonium salt was cleared from the plasma.

The same protocol was followed using HFPO dimer acid (98% purity) (Dupont-24286, 2008). At
the low dose, plasma concentrations peaked within 1 hour in both male and female rats, while at
the high dose, the peak plasma concentrations occurred in males at 1 or 2 hours and in females at
15 minutes. The clearance times in males were 28 hours and 22 hours for the low dose and high
dose, respectively. The clearance times in females were 8 hours and 4 hours for the low dose and
high dose, respectively (Table 6).

The protocol outlined in this section was also followed for mice with a total of 12 Crl:CD(ICR)
mice, 3/sex/dose, receiving a single oral dose of 10 or 30 mg/kg/day HFPO dimer acid
ammonium salt (86% purity) by gavage (Dupont-25300, 2008). Plasma samples were collected
from animals serially at 0, 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48, 72, 96, 120, 144, and 168 hours post-
dosing. Peak plasma HFPO dimer acid anion concentrations were reached within 8 hours for the
males and 4 hours for the females at the 10-mg/kg dose. At the 30-mg/kg dose, the peak HFPO
dimer acid anion concentrations were reached within 2 hours for both males and females. The
mean clearance time was slower in the males (143 hours and 139 hours at the low dose and high
dose, respectively) than in the females (57 hours and 62 hours at the low dose and high dose,
respectively) (Table 6).

In the oral toxicokinetic studies, the clearance times were shorter in rats than in mice and were
shortest in female rats compared to male rats for both anions from HFPO dimer acid and its
ammonium salt. In rats at the 10-mg/kg dose, HFPO dimer acid took longer to clear than its
ammonium salt in both male and female rats. At the 30-mg/kg dose, however, both HFPO dimer
acid and its ammonium salt had the same clearance times in male rats, but the HFPO dimer acid
ammonium salt took longer to clear in female rats.

In a cross-species pharmacokinetic study, Crl:CD(SD) rats (3/sex) were administered a single
intravenous bolus of 10 or 50 mg/kg of HFPO dimer acid ammonium salt and Cynomolgus
monkeys (3/sex) were administered a single intravenous bolus of the HFPO dimer acid
ammonium salt (10 mg/kg) (DuPont-17751-1579 RV1, 2009). Plasma samples were collected at
intervals over the first 24 hours post-dosing and once per day for the subsequent 7 days in the
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rats and 21 days in the monkeys. In the rats, the plasma concentrations were consistently higher
for the males than for females by approximately one to two orders of magnitude, consistent with
the indication that female rats have more rapid elimination. The clearance times for male rats
were 22 hours and 17 hours in the 10- and 50-mg/kg dose groups, respectively. The clearance
times for female rats were 3 hours and 4 hours in the 10- and 50-mg/kg dose groups,
respectively. Notably, the calculated clearance time in the male rats was longer for the 10-mg/kg
dose group (22 hours) than the clearance time calculated in Dupont-24281 (2008) for male rats in
the 10-mg/kg dose group (12 hours). Female rats had similar clearance times. Additionally, the
standard deviations on each serum mean were broad for the rats in the 50-mg/kg dose group,
indicative of wide differences between the three males and three females evaluated at that dose.
In the monkeys, the standard deviations on each serum mean were broad, especially for the
female monkeys over the first 2 hours, which is indicative of wide differences between the three
males and three females evaluated. The plasma levels were generally higher in females over the
first 2 hours, were nearly identical at 4 hours, and were slightly higher in the males from 4 to 336
hours. The levels of the anion from HFPO dimer acid ammonium salt were very low at 168 hours
in male (0.004 pg/mL (4 ng/mL)) and female (0.001 pg/mL (1 ng/mL)) monkeys. For 408 hours
and beyond, concentrations were below the LOQ of 0.001 pg/mL (1 ng/mL). The clearance
times calculated for the male and female monkeys were 11 hours and 10 hours, respectively.

Half-lives. In Gannon et al. (2016), the goodness of fit was calculated for the plasma
concentrations after oral and intravenous dosing (DuPont studies outlined above) using one- and
two-compartment models, and the two-compartment model had a better fit. Pharmacokinetic
parameters identified by Gannon et al. (2016) are presented for the intravenous studies in Table 7
and for the oral studies in Table 8. The alpha phase T2 represents the plasma concentration in
the early post-injection period and is considered to reflect the plasma distribution phase
(Klaassen, 1996). The beta phase Ti/2 represents the period during which the chemical in the
plasma has established an equilibrium with the levels in the body tissues and represents the
elimination phase. The two-compartment model is a refinement of the prior pharmacokinetic
analysis in which the clearance time was calculated. The two-compartment model better fits the
data and separates distribution and elimination phases; therefore, generally for comparisons
across the datasets, the T1s are preferred.

Table 7. T12 Estimates from Intravenous Injection in Sprague Dawley Rats and
Cynomolgus Monkeys

Intravenous Exposures (in hours)

T2 Male rat Male monkey Female rat Female monkey
Alpha (Plasma Distribution) Phase 3.6 2.3 0.4 1.9
Beta (Plasma Elimination) Phase 89.1 64.1 22.6 79.6

Source: Gannon et al., 2016.

In the intravenous injection studies, the T1/ of the alpha phase of distribution is similar (about 2
hours) for male and female monkeys, but the Ti/, of the beta (elimination) phase is longer in
female monkeys. The T2 of the beta (elimination) phase in female monkeys is longer than it is
in the female rats, which could be a result of female monkeys having higher tissue stores than
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female rats or clearance of HFPO dimer acid anion from their tissues might be slower. There are
no studies, however, to distinguish these explanations such as a study of tissue concentrations
over time. In rats, both the alpha and beta phases are shorter in females than in males; the beta
phase T1,; is about four times longer in males, suggesting higher levels in tissues of males or
slower clearance of HFPO dimer acid anion from their tissues (Gannon et al., 2016).

Gannon et al. (2016) also used the data from the single oral dose studies in rats and mice to
derive estimates of alpha and beta phase T1.2s to represent the distribution and elimination
phases. The oral exposure data are not ideal for this calculation because the chemical is not
directly injected into the blood. However, because intestinal uptake of HFPO dimer acid anion
from the ammonium salt is believed to be rapid and there appears to be no metabolism, the
estimates are reasonable for a two-compartment model.

In rats, following oral exposure, the alpha (distribution) T1 phase is shorter in females than in
males and the beta (elimination) phase T2 is comparable for both sexes (Table §). In mice, the
T1 estimates for the alpha phase are similar for both sexes and the T2 estimates for the beta
phase are shorter for females than for males (Table 8). The T1/; estimated for the beta phase in
female rats is shorter from the intravenous data (22.6 hours) than from the oral gavage data (67.4
hours), while the other estimates of T2 from the intravenous and oral gavage data for males and
females are similar.

Table 8. T12 Estimates from Single Oral Dose in Sprague Dawley Rats and Crl/CD1(ICR)
Mice

Oral Exposures (in hours)

T Male rat Female rat Male mouse Female mouse
Alpha (Plasma Distribution) Phase 2.8 0.2 5.8 4.6
Beta (Plasma Elimination) Phase 72.2 67.4 36.9 24.2

Source: Gannon et al., 2016.

The time it takes to achieve a balance between gastrointestinal uptake and excretion (i.e., steady
state) following daily gavage exposures to the HFPO dimer acid anion is dependent on the T1/2s
of the alpha and beta phases. When the data are well described by a multicompartmental model,
the steady state is a function of the multiple Ti.2s for the intercompartmental distribution (alpha
phase) and elimination (beta phase); however, at later times, the elimination Ti. is expected to
dominate the time to steady state and to be reached approximately within four Ti.2s, or 6.15 days,
for male mice (Ito, 2011). This was calculated by multiplying the oral gavage beta phase Ti.
(36.9 hours) for male mice by 4 and dividing that product by 24 hours. The data from Rushing et
al. (2017) for male mice clearly demonstrate a lack of serum steady state for male mice after
receiving doses of 1, 10, and 100 mg/kg/day for 28 days because the serum concentrations do not
remain constant after the expected 6 days. In fact, HFPO dimer acid concentrations continue to
change between 5 and 14 days and 14 and 28 days. These continual changes in plasma
concentration after 6 days indicate dynamics over multiple days that are not represented by
typical multicompartment models and, therefore, are not appropriate for modeling the
complexity of the pharmacokinetics of HFPO dimer acid and its ammonium salt.
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Repeated-dose study. In a repeated-dose study with Crl:CD1(ICR) mice dosed with 0, 0.1, 0.5,
or 5 mg/kg/day for at least 90 days, plasma measurements were determined 2 hours post-dosing
on days 0, 28, and 95 (Dupont 18405-1307, 2010). Plasma concentrations increased less than
twofold between the 2 hour and the 28-day measurements for both the males and females in all
dose groups (Table 9). Unfortunately, the study provides no measurements between the 2-hour
and 28-day time points to allow for a determination regarding steady state. As mentioned above,
however, the Rushing et al. (2017) study in mice provides measurements in serum at 1, 5, 14,
and 28 days following daily gavage dosing of C57BL/6 mice that clearly establish the lack of
steady-state conditions, which supports development of a more complex model to represent these
data.

Table 9. Mean Plasma Concentrations with Standard Deviations of Dosing Crl:CD1(ICR)
Mice with HFPO Dimer Acid Ammonium Salt for at Least 90 Days

Day 0 Day 28 Day 95
Dose
mg/kg/day | pg/mL SD Cov pg/mL SD COov pg/mL SD COov
Males
0 ND*? N/A N/A ND N/A N/A ND N/A N/A
0.1 0.736 0.099 13% 1.124 0.238 21% 1.276 0309 | 24%
0.5 3.806 1.197 31% 7.182 3.055 43% 7.068 2.398 34%
5 42.58 5.214 12% 52.240 16.725 32% 67.98 13.717 20%
Females
0 ND N/A N/A N/D N/A N/A ND N/A N/A
0.1 0.824 0.072 9% 0.704 0.35 50% 0.74 0.282 38%
0.5 3.606 1.308 36% 4.198 1.239 30% 5.438 1.696 | 31%
5 35.34 9.262 26% 46.58 16.842 36% 45.58 5.741 13%

Source: Dupont 18405-1307, 2010.

Notes: COV = coefficient of variation (SD / mean); pg/mL = micrograms per milliliter; N/A = not applicable; ND = not detected;
SD = standard deviation.

2 Limit of detection = 0.005 pg/mL

Plasma concentrations remained relatively constant between 28 days and 95 days for male and
female mice administered the 0.1-mg/kg/day dose in the Dupont 18405-1307 (2010) study
(Table 9). At the 0.5-mg/kg/day dose, plasma concentrations were relatively constant from day
28 to 95 days for the males, but the females’ plasma concentrations increased from 4.198 to
5.438 ng/mL (4,198 ng/mL to 5,438 ng/mL) (a 30% increase). This indicates that the HFPO
dimer acid anion does not appear to accumulate at 0.1 mg/kg/day; however, it might have
accumulation potential at 0.5 mg/kg/day. Interestingly, this increase in female plasma
concentrations from 28 days to 95 days is equal to the coefficient of variation (COV) in the 28-
day measurement, thus the difference between days 28 and 95 could be the result of inter-animal

25




OCTOBER 2021

differences in response to the same dose. Also interesting is that, at the 5-mg/kg/day dose, female
plasma levels returned to approximately the same levels at 28 and 95 days (46.58 and 45.58
pg/mL (46,580 and 45,580 ng/mL), respectively) (Table 9). In the males, the plasma levels at 28
days increased from 52.24 to 67.98 pg/mL (52,240 ng/mL to 67,980 ng/mL) at 95 days (a 30%
increase), again equaling the COV in the 28-day measurement. Thus, the difference between
days 28 and 95 could be the result of variability in these measurements as a result of inter-animal
differences and might not necessarily reflect accumulation of HFPO dimer acid anion.

3.0 Problem Formulation

3.1 Conceptual Model

The conceptual model provides useful, publicly available information to characterize and
communicate the potential health hazards related to oral exposure to HFPO dimer acid and its
ammonium salt. Figure 2 depicts in a conceptual diagram the sources of these GenX chemicals,
the routes of exposure to biological receptors of concern (e.g., human activities related to
ingested tap water such as drinking, food preparation, and consumption), the potential
assessment endpoints (e.g., effects such as liver toxicity), and populations at risk of exposure to
HFPO dimer acid and its ammonium salt. As outlined in the legend for Figure 2, the green boxes
indicate where there are limited data available for these GenX chemicals. This includes
quantitative data for oral exposure to HFPO dimer acid and its ammonium salt, as well as the
limited data available for some of the potential sources of exposure to these chemicals. The
quantitative data for oral exposure to HFPO dimer acid and its ammonium salt includes animal
toxicity and toxicokinetic studies; no epidemiological studies on health effects in humans are
available. The white boxes indicate that no data are publicly available to allow for determining if
GenX chemicals are found in certain sources and that no human toxicity data exist.
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3.2 Overall Scientific Objectives

This document provides the health effects basis for the development of oral RfDs for subchronic
and chronic durations for GenX chemicals, including the science-based decisions providing the
basis for estimating the POD. This section discusses the factors EPA considers in the process of
developing a POD (depicted in Figure 2).

Stressors: This assessment addresses only HFPO dimer acid and its ammonium salt. It does not
address any other chemicals used in the GenX processing technology or any other precursors,
metabolites, or degradate of HFPO dimer acid and its ammonium salt. Uses of GenX chemicals
include as intermediates and as polymerization aids in the production of fluoropolymers. These
chemicals are two of several replacements for PFOA and its ammonium salt and could have
many applications in consumer products (e.g., stain- and water-repellant textiles) and industrial
processes (e.g., pharmaceutical and semiconductor manufacturing). Information on specific
products containing GenX chemicals is not available, however, GenX chemicals may be used in
the manufacture of the same or similar commercial fluoropolymer end products that formerly
used PFOA. GenX chemicals may also be generated as a byproduct of fluoromonomer
production. Publicly available data, although limited, indicate that sources of exposure to GenX
chemicals include both ground and surface waters used for drinking. Many other potentially
important sources of exposure to GenX chemicals exist given their use as a replacement for
PFOA, including foods; indoor dust in a home or work environment; indoor and outdoor air; soil;
biosolids; and consumer products within the home, workplace, children’s schools, and daycare
centers. Very little quantitative information on these sources of exposure, however, is available.

Routes of Exposure: Nonoccupational exposure to GenX chemicals in water can occur through
oral exposure (i.e., drinking water, cooking with water, and incidental ingestion from showering)
and 1s expected to occur by dermal exposure (i.e., contact of exposed parts of the body with
water containing GenX chemicals during bathing or showering, and dishwashing) and inhalation
exposure (e.g., volatilization of the GenX chemicals from the water during bathing or showering,
or while using a humidifier or vaporizer). There is limited information identifying health effects
from inhalation or dermal exposures to GenX chemicals in animals. Specifically, two acute
dermal toxicity tests (one in rats and one in rabbits), one dermal irritation study in rabbits, and
one acute inhalation toxicity test in rats (see section 4.1) have been conducted. Repeated-dose
toxicity data are available for oral exposure, but not for inhalation and dermal exposures. Since
the only quantitative data available for HFPO dimer acid and its ammonium salt are for oral
exposure, this assessment applies only to that route.

Receptors: The receptors are those in the general population who could be exposed to GenX
chemicals in tap water through ingestion (i.e., adults, the elderly, women of childbearing age,
pregnant women, fetuses, infants, and children). In the conceptual model in Figure 2, the box for
adults includes sensitive life stages (e.g., women of childbearing age and the elderly). In this
toxicity assessment, the first two steps (Step 1. Hazard Identification and Step 2. Dose Response)
of the four-step risk assessment process developed by the National Academy of Sciences are
addressed. This toxicity assessment summarizes potential health effects associated with exposure
to GenX chemicals and identifies levels at which those health effects might occur. Potential
exposure to receptors is not determined. Toxicity values from this assessment can be combined
with specific exposure information (Step 3. Exposure Assessment) to help characterize the
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potential public health risks associated with exposure to these chemicals (Step 4. Risk
Characterization) to the receptors outlined here.

Endpoints: No human epidemiological studies for GenX chemicals are available. Oral exposure
studies of acute, subchronic, and chronic duration are available in rodent species, including rats
and mice. The recommended definitions of study duration were applied as outlined in 4 Review
of the Reference Dose and Reference Concentration Processes (EPA, 2002). Using this
approach, the employed study durations are as follows:

e Acute: Exposure by the oral, dermal, or inhalation route for 24 hours or less.

e Short-term: Repeated exposure by the oral, dermal, or inhalation route for more than 24
hours, up to 30 days.

e Subchronic: Repeated exposure by the oral, dermal, or inhalation route for more than
30 days, up to approximately 10% of the life span in humans (more than 30 days up to
approximately 90 days in typically used laboratory animal species).

e Chronic: Repeated exposure by the oral, dermal, or inhalation route for more than
approximately 10% of the life span in humans (more than approximately 90 days to
2 years in typically used laboratory animal species).

Adverse effects observed following exposure to HFPO dimer acid and/or its ammonium salt
include liver toxicity (e.g., hypertrophy, single-cell necrosis, focal necrosis and apoptosis),
hematological effects (e.g., decreased red blood cell (RBC) count, hemoglobin, and hematocrit),
kidney toxicity (e.g., increased kidney weight, necrosis, and hyperplasia), reproductive and
developmental effects (e.g., placental lesions, changes in maternal gestational weight gain
(GWG), and BW changes), immune effects (e.g., T cell-dependent antibody response (TDAR)
suppression and lymphocyte increases), and Suggestive Evidence of Carcinogenic Potential of
oral exposure to GenX chemicals in humans (e.g., liver and pancreatic acinar cell tumors).

In most of the available animal studies, hepatocellular hypertrophy and necrosis of the liver
appear to be the most sensitive effects observed. The increases in relative liver weight,
hepatocellular hypertrophy, and peroxisome activity (e.g., peroxisomal beta-oxidation induction)
can be associated with activation of cellular peroxisome proliferator-activated receptor alpha
(PPAR) receptors, making it difficult to determine if this change is a reflection of PPARa
activation or an indication of GenX chemical toxicity. This is important because the PPARa
response could be more relevant to rodents than humans. EPA evaluated liver effects resulting
from exposure to GenX chemicals in the context of the Hall criteria (Hall et al., 2012), through
which changes in liver weight or hepatocellular hypertrophy can be considered adverse when
they are accompanied by histologic or clinical pathology indicative of liver toxicity such as
necrosis, inflammation, and/or fibrosis. In this assessment, EPA listed hepatocellular
hypertrophy or changes in serum liver enzymes as adverse only when they were accompanied by
histologic pathology indicative of liver toxicity such as necrosis, inflammation, and/or fibrosis.
The observance of liver necrosis indicates that cytotoxicity also could be a mode of action
(MOA) for liver damage.

No physiologically based pharmacokinetic (PBPK) models are available that address the
relationship between external exposure and internal dose for GenX chemicals; however,
allometric scaling methodology is available to calculate a toxicologically equivalent dose of
orally administered agents from adult laboratory animals to adult humans (EPA, 2011b). The use
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of allometric scaling addresses some aspects of the cross-species extrapolation of toxicokinetic
and toxicodynamic processes.

The toxicity values for this assessment include a chronic oral RfD (chronic RfD) and a
subchronic oral RfD (subchronic RfD) for HFPO dimer acid and its ammonium salt. An RfD is
an estimate of the concentration or dose of a substance (with uncertainty spanning perhaps an
order of magnitude) to which a human population (including sensitive subgroups) can be
exposed that is likely to be without an appreciable risk of deleterious effects during a lifetime. In
addition to chronic RfDs, other durations of exposure can be considered, including subchronic
exposures. RfDs are derived for noncarcinogenic toxicological endpoints of concern.

3.3 Methods

3.3.1 Literature Search Strategy and Results

EPA assembled and evaluated available information on toxicokinetics; acute, short-term,
subchronic, and chronic toxicity; developmental and reproductive toxicity; neurotoxicity;
immunotoxicity; genotoxicity; and cancer in animals. Most of the available data for HFPO dimer
acid and its ammonium salt were submitted with PMNs to EPA by DuPont/Chemours, the
manufacturer of GenX chemicals, under TSCA, as required pursuant to a consent order (EPA,
2009) or as required under TSCA reporting requirements (15 U.S.C. § 2607.8(¢)). Submitted test
data on HFPO dimer acid and its ammonium salt were available for numerous endpoints such as
acute toxicity, metabolism and toxicokinetics, genotoxicity, and systemic toxicity in mice and
rats with dosing durations of up to 2 years. Most of these submitted studies were conducted
according to OECD TGs and/or EPA health effects TGs for pesticides and toxic substances,
which:

...are generally intended to meet testing requirements for human health impacts of
chemical substances under the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA) and TSCA (EPA, 2021b).

All available studies were considered for inclusion. Most of the studies considered for dose-
response analysis in this assessment adhered to the principles of GLP, and full study reports were
submitted for Agency review. As noted by OECD,? the OECD TGs are accepted internationally
as standard methods for safety testing and:

...are covered by the Mutual Acceptance of Data, implying that data generated in the
testing of chemicals in an OECD member country, or a partner country having adhered to
the Decision, in accordance with OECD Test Guidelines and Principles of GLP, be
accepted in other OECD countries and partner countries having adhered to the Decision,
for the purposes of assessment and other uses relating to the protection of human health
and the environment.

To identify public literature available for HFPO dimer acid and its ammonium salt, literature
searches were conducted of four databases (PubMed, Toxline, Web of Science (WOS), and
Toxic Substances Control Act Test Submissions (TSCATS)) using CASRN, synonyms, and
additional relevant search strings (see Table A-2 in appendix A for a full list). Because the
results of this core search were so limited, additional databases were searched for

3 http://www.oecd.org/chemicalsafety/testing/oecdguidelinesforthetestingofchemicals.htm.
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physicochemical property information, health effects, toxicokinetics, and mechanistic
information. A list of the additional databases searched is provided in Table A-3 and Table A-4
in appendix A. The initial searches of these databases specific to HFPO dimer acid were
conducted in July 2017 and specific to the HFPO dimer acid ammonium salt in January and
February 2018. They returned 27 studies for HFPO dimer acid and its ammonium salt, after
accounting for duplicates. Additional updates to the literature search were completed in February
2019, October 2019, and March 3, 2020 using the same search strategy as described in appendix
A. These searches returned an additional 48 studies.

The submitted studies from DuPont/Chemours and the literature identified by the search of
publicly available sources are available through EPA’s Health & Environmental Research Online
website at https://hero.epa.gov/hero/index.cfm/project/page/project _id/2627.

3.3.2 Study Screening and Evaluation

In accordance with EPA’s Office of Research and Development (ORD) systematic review
practices, relevancy screenings were conducted on all the studies submitted from
DuPont/Chemours and the publicly available, peer-reviewed literature resulting from the
literature searches mentioned above (EPA, 2020). These studies were subjected to title and
abstract screening to determine relevancy according to the PECO criteria statement/inclusion and
exclusion criteria outlined in Table A-6 in appendix A. The title and abstract of each study were
independently screened by two screeners using Distiller SR*. The studies that met the PECO
criteria were tagged as having relevant human data, animal data in a mammalian model, or a
PBPK model. A study was included as relevant if it was unclear from the title and abstract
whether it met the inclusion or exclusion criteria. Studies that did not meet the inclusion criteria
but provide supporting information were categorized as supplemental, relative to the type of
supporting information they provided. These supplemental categories are outlined in Table A-7
in appendix A. When two screeners did not agree if a study should be included, excluded, or
tagged as supplemental, a third reviewer made the final decision. The title and abstract screening
resulted in 12 studies tagged as relevant (i.e., containing dose-response information). The
relevancy of these studies was confirmed by a full-text review.

The twelve studies providing dose-response information were then evaluated for study quality
using an approach consistent with the draft ORD Handbook for developing IRIS assessments
(DuPont-24447, 2008; DuPont-24459, 2008; DuPont-17751-1026, 2009; DuPont-18405-1307,
2010; DuPont-18405-1037, 2010; DuPont-18405-841, 2010; DuPont-18405-1238, 2013;
Rushing et al., 2017, Conley et al., 2019, 2021; Thompson et al., 2019; Blake et al., 2020; EPA,
2020). Study quality was determined by two independent reviewers who assessed risk of bias
and sensitivity for the following domains: reporting quality, risk of bias (selection or
performance bias, confounding/variable control, and reporting or attrition bias), and study
sensitivity (exposure methods sensitivity, and outcome measures and results display) using
EPA’s version of HAWC?. A third reviewer made the final decision on the quality ratings based
on the primary ratings. The results of the study quality evaluation are provided in Figure 3 and an
interactive version of the heatmap can be found here:

4 Distiller SR is a fee-based, multi-user, web-based platform that manages, tracks, and streamlines the screening of
literature reviews.

SHAWC is a free and open-source web-based software application that enables multiple users to synthesize multiple
data sources into an overall human health assessment of chemicals.
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https://hawcprd.epa.gov/summary/visual/assessment/100500273/GenX-SQE-Heatmap/. All
twelve studies were rated as medium or high-quality studies and were summarized in section 4
and considered for dose response in section 7.
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Figure 3. Evaluation Results for Animal Studies Assessing Effects of GenX Chemicals
Exposure (Click to see interactive data graphic for rating rationales)

Additionally, all studies tagged as supplemental that provided toxicokinetic or mechanistic
information were summarized and incorporated into the assessment in sections 2.3 and 4.6,
respectively. Study summaries were also provided for all acute toxicity studies in section 4.1.
Finally, two mechanistic studies were included in this assessment that were published after the
final literature search (Gaballah et al., 2020; Cannon et al., 2020).
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3.4 Approach to Deriving Reference Values

Development of the hazard identification and dose-response assessment for HFPO dimer acid
and its ammonium salt has followed the general guidelines for risk assessment published by the
National Research Council (1983) and EPA’s Framework for Human Health Risk Assessment to
Inform Decision Making (EPA, 2014a). Additional EPA guidelines and other Agency reports
used in developing this assessment include the following:

e Guidelines for Developmental Toxicity Risk Assessment (EPA, 1991)

Guidelines for Reproductive Toxicity Risk Assessment (EPA, 1996)

Guidelines for Neurotoxicity Risk Assessment (EPA, 1998)

A Review of the Reference Dose and Reference Concentration Processes (EPA, 2002)

Guidelines for Carcinogen Risk Assessment (EPA, 2005a)

Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to

Carcinogens (EPA, 2005b)

o A Framework for Assessing Health Risks of Environmental Exposures to Children (EPA,
2006a)

e Exposure Factors Handbook (EPA, 2011a)

e Recommended Use of Body Weight’? as the Default Method in Derivation of the Oral
Reference Dose (EPA, 2011b)

e Benchmark Dose Technical Guidance Document (EPA, 2012)

o Child-Specific Exposure Scenarios Examples (EPA, 2014b)

e Guidance for Applying Quantitative Data to Develop Data-Derived Extrapolation
Factors for Interspecies and Intraspecies Extrapolation (EPA, 2014c¢)

EPA’s A Review of the Reference Dose and Reference Concentration Processes describes a
multistep approach to dose-response assessment, including analysis in the range of observation
followed by extrapolation to lower levels (EPA, 2002). EPA conducted a dose-response
assessment to define a POD and extrapolated from the POD to an RfD. For HFPO dimer acid
and its ammonium salt, EPA used benchmark dose (BMD) modeling to refine the critical effect
POD in deriving the RfD.

The steps for deriving an RfD are summarized below.

Step 1: Evaluate the data to identify and characterize endpoints related to exposure to
GenX chemicals. This step involves determining the relevant studies and adverse effects to be
considered for BMD modeling. Once the appropriate data are collected, evaluated for study
quality, and characterized for adverse outcomes, the risk assessor selects endpoints judged to be
relevant and the most sensitive (typically defined by the NOAEL value). Considerations that
might influence selection of endpoints include data with dose response, percent change from
controls, adversity of effect, and consistency across studies.

Step 2: Conduct BMD Modeling. Using EPA’s Benchmark Dose Technical Guidance
Document (EPA, 2012), a benchmark response (BMR) is selected and BMD modeling is applied
to the endpoints selected as most relevant. The BMR is a predetermined change in the response
rate of an adverse effect. It serves as the basis for obtaining the benchmark dose lower limit

(BMDL), which is the 95% lower bound of the BMD. A family of BMD models are fit to the
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dose-response data that describe the dataset of the identified adverse effect. From the family of
models, either a best fitting model with the corresponding BMD and BMDL is derived or, if no
adequate models are found, the NOAEL or lowest-observed-adverse-effect level (LOAEL)
identified in step 1 is used as the POD.

Step 3: Convert the POD to a human equivalent dose (HED) or point of departure human
equivalent dose (PODuep). The POD (either a BMDL, NOAEL, or LOAEL) is then converted
to an HED following the method described in EPA’s Recommended Use of Body Weight”? as the
Default Method in Derivation of the Oral Reference Dose (EPA, 2011b).

Step 4: Provide rationale for selecting UFs. UFs are selected in accordance with EPA
guidelines considering variations in sensitivity among humans, differences between animals and
humans, the duration of exposure in the critical study compared to the lifetime of the species
studied, and the completeness of the toxicology database.

Step 5: Calculate the chronic and subchronic RfDs. The RfDs are calculated by dividing
PODuep by the selected UF.

RfD = PODuED
Total UF

where:

e PODuyrp = calculated from the BMDL or NOAEL/LOAEL using a BW?* allometric
scaling approach consistent with EPA guidance (EPA, 2011Db).

e UF = Total UF established in accordance with EPA guidelines considering variations in
sensitivity among humans, differences between animals and humans, duration of
exposure in the critical study compared to the lifetime of the species studied, and
completeness of the toxicology database.

3.5 Measures of Effect

The available dataset regarding the toxicity of these GenX chemicals includes in vivo and in vitro
studies. The in vivo studies were considered in the dose-response assessment for HFPO dimer
acid and its ammonium salt. The available data indicate that the liver, kidney, RBCs,
immunological responses, and reproductive and developmental effects (BW and fetal
development) are adversely impacted by exposure to GenX chemicals. Tumors were also
observed following oral exposure to GenX chemicals (DuPont-18405-1238, 2013). In this
analysis, all reported changes in relative organ weights were presented as relative to BW (data
relative to brain weight were not included). The endpoints presented in this assessment represent
potentially adverse effects that were statistically significantly different (p < 0.05 or 0.01) from
control unless otherwise noted. Additionally, statistically significant changes from the control are
presented as the percent change from control, unless otherwise noted.

The animal studies demonstrated dose-related effects on the liver in rodent species (rats and
mice) following exposure to HFPO dimer acid and/or its ammonium salt for durations of 28 days
to 104 weeks. The studies and endpoints reviewed as possible critical studies and effects for
determination of the POD were evaluated for experimental design, data quality, and dose
response identified through the range of experimental NOAELs/LOAELs. A route-to-route
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extrapolation of oral toxicity data from which to derive an inhalation reference concentration was
not conducted because of data limitations. For example, no toxicokinetic data are available
characterizing the uptake of GenX chemicals through the lung for systemic distribution, and only
one acute inhalation toxicity study is available (DuPont-17751-723, 2009). This study identifies
the portal of entry effects, albeit at a high dose.

4.0 Study Summaries

4.1 Acute Toxicity Studies

There are over 10 studies available detailing the acute toxicity and irritation effects of HFPO
dimer acid and its ammonium salt. This section summarizes the available acute oral, dermal, and
inhalation toxicity studies as well as dermal and eye irritation studies for HFPO dimer acid and
its ammonium salt. Appendix B provides additional details on each of the studies.

Oral Toxicity. Several studies have evaluated oral toxicity in rats and mice from single doses of
the HFPO dimer acid ammonium salt at doses ranging from 1.5 mg/kg to 17,000 mg/kg
(DuPont-22932, 2007; DuPont-24126, 2007; DuPont-25438 RV 1, 2008; DuPont-2-63, 1963;
DuPont-770-95, 1996). Also, male and female rats were evaluated with doses of 175-5,000
mg/kg HFPO dimer acid (DuPont-25875, 2008). The rats and mice in these studies received a
single dose of the compound and were observed for clinical effects of toxicity for 14 days.

Four studies were conducted according to OECD TG 425 (OPPTS 870.1100) (OECD, 2008c)
using the Up-and-Down Procedure (DuPont-22932, 2007; DuPont-25438 RV 1, 2008; DuPont-
25875, 2008; DuPont-24126, 2007). Two s