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ABSTRACT

An Interim Specific Ground Water Quality Criterion (ISGWQC) for perfluorooctanoic acid
(PFOA, C8) was developed to protect for chronic (lifetime) drinking water exposure. Although
human data are not used as the quantitative basis for the risk assessment, a public health-
protective approach in developing an ISGWQC based on animal toxicology data is supported by
associations of PFOA with numerous health effects in the general population and communities
with drinking water exposure, as well as its biological persistence and bioaccumulation from
drinking water in humans. PFOA was described as “likely to be carcinogenic to humans” by the
USEPA Science Advisory Board and “possibly carcinogenic to humans” by the International
Agency for Research on Cancer (IARC), and both non-carcinogenic and carcinogenic effects
were evaluated for ISGWQC development. Two sensitive non-carcinogenic endpoints, delayed
mammary gland development after developmental exposures and increased liver weight, were
evaluated. For each endpoint, benchmark dose modeling of serum PFOA levels from mouse
studies was performed and appropriate uncertainty factors were applied to develop a Target
Human Serum Level (analogous to a Reference Dose but on a serum level basis). A clearance
factor (1.4 x 10 L/kg/day) which relates serum PFOA concentrations to human PFOA doses was
applied to the Target Human Serum Levels to develop Reference Doses. For delayed mammary
gland development, the Target Human Serum Level is 0.8 ng/ml, which is below the median
serum PFOA level in the U.S. general population. The Reference Dose for this endpoint is 0.11
ng/kg/day. Because the use of delayed mammary gland development as the basis for quantitative
risk assessment is a currently developing topic, an ISGWQC using this endpoint as its primary
basis was not recommended. However, the occurrence of this and other effects at similarly low
doses clearly requires application of an uncertainty factor to protect for these more sensitive
effects. An ISGWQC protective for increased relative liver weight was derived based on a study
in which male mice were exposed to PFOA for 14 days. For increased relative liver weight, the
Target Human Serum Level is 14.5 ng/ml and the Reference Dose is 2 ng/kg/day. This Target
Human Serum Level and Reference Dose incorporate uncertainty factors to protect sensitive
human subpopulations, toxicodynamic differences between human and experimental animals, and
more sensitive endpoints that occur from developmental exposures (delayed mammary gland
development, hepatic toxicity, and others). Using default values for drinking water exposure
assumptions and Relative Source Contribution factor, a health-based water concentration of 14
ng/L was developed based on increased relative liver weight. A cancer slope factor, 0.021
(mg/kg/day)!, was developed based on increased incidence of testicular tumors in a chronic rat
study. This slope factor was used to develop a health-based water concentration protective for
cancer effects at the 1 x 10 (one in one million) lifetime cancer risk level of 14 ng/L, identical to
the health-based water concentration based on non-cancer endpoints. Since ISGWQC are
rounded to one significant figure, the ISGWQC is therefore 10 ng/L (0.01 pg/L).



EXECUTIVE SUMMARY

Perfluorooctanoic acid (PFOA, C8) is a member of the group of substances called perfluorinated
compounds (PFCs), chemicals that contain a totally fluorinated carbon chain which varies in
length and a functional group such as carboxylic or sulfonic acid. PFCs are part of a larger
group of chemicals called poly- and perfluoroalkyl substances (PFAS).

Interim Specific Ground Water Quality Criteria are based on chronic (lifetime) exposure, a one
in one million (10°) risk for carcinogenic effects, and no adverse physiological effects for non-
carcinogenic effects.

The development of the ISGWC is based primarily on an evaluation of PFOA by the Health
Effects Subcommittee of the New Jersey Drinking Water Quality Institute (DWQIL, 2017). This
report closely reflects the report produced by the DWQI with text revised by the New Jersey
Department of Environmental Protection to describe the development of the ISGWC.

Manufacturing and Use

Because carbon-fluorine bonds are among the strongest found in organic chemistry, PFOA and
other PFCs are extremely stable and resistant to chemical reactions. PFOA has been produced
for use in commercial products and industrial processes for over 60 years. Its unique surfactant
properties and resistance to chemical and thermal degradation make it useful in many

applications including water-, soil-, and stain-resistant coatings, fire-fighting foams, and
industrial uses. Large amounts of PFOA were used industrially as a processing aid (emulsifier) in
the production of fluoropolymers and fluoroelastomers for use as non-stick coatings.

Because of concerns about its ubiquitous presence in environmental media (including wildlife)
and human blood serum worldwide, its persistent and bioaccumulative nature, and its potential
health effects, the eight major U.S. producers of PFOA entered into a voluntary agreement with
USEPA in 2006 to reduce emissions and product content of PFOA and its precursors by 95% by
2010 and to work towards eliminating them by 2015. However, other manufacturers and users
of PFOA that are not participants in the voluntary agreement with USEPA continue to emit large
amounts of PFOA to the environment, particularly overseas. Although the production and use of
PFOA and its precursors has been phased out by major U.S. manufacturers, environmental
contamination and resulting human exposure to PFOA are anticipated to continue for the
foreseeable future due to its persistence, formation from precursor compounds, and continued
production by other manufacturers.

Environmental Fate and Transport

Because of the extreme stability of their carbon—fluorine bonds, PFOA and other PFCs are
extremely resistant to degradation in the environment and thus persist indefinitely. PFOA and
other PFCs are found in many environmental media and in wildlife worldwide including in
remote polar regions. PFOA is much less bioaccumulative in fish than PFOS or perfluorinated
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carboxylates with more than eight carbons, and PFOA concentrations in wildlife are generally
lower than for these other PFCs. PFOA and other PFCs can be taken up into plants from
contaminated soil or irrigation water. In general, PFOA and other longer chain PFCs are
preferentially taken up into the root and shoot parts of the plant.

PFOA and some other PFCs are distinctive from other persistent and bioaccumulative organic
compounds because of their importance as drinking water contaminants. PFOA does not bind
well to soil, migrates readily from soil to ground water, and is highly water-soluble. These
properties of PFOA differ from those of other well-known persistent and bioaccumulative
organic pollutants such as polychlorinated dioxins and polychlorinated biphenyls (PCBs) that
have a high affinity for soil and sediments but low water solubility.

PFOA that is released into the environment can contaminate surface water and groundwater used
as drinking water sources. Environmental sources include industrial discharge to soil, air, and
water; release of aqueous firefighting foams; disposal in landfills; wastewater treatment plant
discharge; street and storm water runoff; and land application of biosolids, industrial solid waste,
and wastewater. PFOA also enters the environment through the breakdown of precursor
compounds such as the fluorotelomer alcohol 8:2 FTOH and larger molecules that can release
8:2 FTOH. These precursor compounds are used industrially and in consumer products. They
are converted to PFOA by microbes in soil, sludge, and wastewater and through atmospheric
chemical reactions.

As is the case for other ground water contaminants, PFOA can reach drinking water wells via
migration of a ground water plume. Unlike many other environmental contaminants, PFOA
emitted to air from industrial facilities can also contaminate distant groundwater wells through
air transport, followed by deposition from air onto soil, and migration through the soil to
groundwater.

Occurrence in Drinking Water

PFOA and other PFCs are not effectively removed from drinking water by standard treatment
processes but can be removed from drinking water by granular activated carbon (GAC) or
reverse osmosis. Therefore, unless specific treatment for removal of PFCs is in place,
concentrations of PFOA detected in raw drinking water can be considered to be representative of
concentrations in finished drinking water.

The occurrence of PFOA and other PFCs in public water supplies (PWS) has been evaluated
more extensively in New Jersey than in most or all other states. More than 1,000 samples from
80 NJ PWS were analyzed with relatively low Reporting Levels (RLs; generally <5 ng/L) in
2006-2016. PFOA was the most frequently detected PFC and was found in samples from
approximately 60% of the 80 NJ PWS tested. In the 2013-2015 USEPA Unregulated
Contaminant Monitoring Rule 3 (UCMR3) survey of all large (>10,000 users) and a subset of
smaller PWS in the U.S., PFOA was detected more than five times more frequently in New
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Jersey PWS (10.5%) than nationally (1.9%). The RL in UCMR3 was 20 ng/L, much higher than
the RLs for most other NJ PWS monitoring. PFOA has also been detected in NJ private wells
near sources of industrial discharge.

Human Biomonitoring

PFOA and other PFCs are found ubiquitously in the blood serum of the general population in the
U.S. and worldwide. The 2011-2012 National Health and Nutrition Examination Survey
(NHANEYS), a representative sample survey of the U.S. general population conducted by the U.S.
Centers for Disease Control and Prevention (CDC), determined the geometric mean and 95"
percentile serum PFOA concentrations as 2.08 and 5.68 ng/ml, respectively. Serum PFOA levels
in the U.S. general population have declined since the first NHANES monitoring in 1999-2000
when the geometric mean and 95™ percentile values were 5.21 and 11.9 ng/ml. In communities
exposed through contaminated drinking water, serum PFOA levels are elevated compared to the
general population. Exposures to industrially-exposed workers or others with occupational
exposure are much higher than in the general population. Serum PFOA concentrations of greater
than 100,000 ng/ml (100 ppm) have been reported in industrially exposed workers, although
levels in most workers were lower.

Sources of Exposure

Sources of exposure to PFOA and/or its precursors include drinking water, food and food
packaging, treated fabrics, protective sprays and waxes, cosmetics and personal care products,
house dust, and inhalation of indoor and outdoor air. Most studies predict that food and food
packaging are the predominant exposure sources, and several studies suggest that PFOA and its
precursors in indoor air and/or house dust can be a major exposure source. It should be noted
that migration of PFOA from polytetrafluoroethylene (PTFE)-coated non-stick cookware into
food is not considered to be a significant source of exposure. The contribution of ingested
drinking water to total exposure from all sources (e.g. diet, consumer products, etc.) is dependent
on the concentration of PFOA in the drinking water, and relatively low concentrations in water

substantially increase human body burden. Inhalation from showering, bathing, laundry, and
dishwashing, and dermal absorption during showering, bathing, or swimming, are not expected
to be significant sources of exposure from contaminated drinking water.

Exposures to PFOA may be higher in young children than in older individuals because of age-
specific behaviors such as greater drinking water and food consumption on a body weight basis,
hand-to-mouth behavior resulting in greater ingestion of house dust, and more time spent on
floors where treated carpets are found.



Toxicokinetics

PFOA is well absorbed orally, and it was also absorbed dermally and by inhalation in
toxicological studies. It is water soluble and distributes primarily to the liver and serum, and, to
a lesser degree, to the kidney. Unlike most other bioaccumulative organic compounds, it does
not distribute to fat. In the serum, PFOA is almost totally bound to albumin and other proteins.
Since it is chemically non-reactive, it is not metabolized. The rate of excretion is largely
dependent on the extent of secretion and reabsorption by organic anion transporters in the
kidney. The excretion rate varies widely among species, and in some cases between males and
females of the same species.

PFOA’s half-life in humans is several years and is similar in males and females. Because of its
long half-life, it remains in the human body for many years after exposures cease. PFOA is
persistent in both male and female mice and in male rats, with half-lives of days to weeks.
However, PFOA is rapidly excreted in female rats (half-life of 2-4 hours); thus, this species is
not an ideal model for studying potential human developmental effects. Because of the large
variation in half-lives, the internal dose resulting from a given administered dose varies widely
among species and, in some cases, genders of the same species. For this reason, interspecies
(e.g. animal-to-human) comparisons are made on the basis of internal dose, as indicated by
serum level, rather than administered dose.

Relationship between drinking water exposure and human serum levels

Data from communities with contaminated drinking water indicate that ongoing human exposure
to PFOA in drinking water increases serum levels, on average, by at least 100 times the drinking
water concentration. A human clearance factor for PFOA of 1.4 x 10 L/kg/day was developed
by USEPA researchers (Lorber and Egeghy, 2011) to relate serum PFOA concentration to
administered dose. Assuming an average U.S. daily water consumption rate, the clearance factor
predicts a serum:drinking water ratio of 114:1, consistent with the ratios that have been observed
in exposed communities.

Continued exposure to even low drinking water concentrations results in substantially increased
serum PFOA levels. Based on the clearance factor, each 10 ng/L in drinking water is predicted
to increase serum PFOA by 1.1 ng/ml with an average water consumption rate, and 2.0 ng/ml
with an upper percentile water consumption rate. These increases in serum PFOA from drinking
water can be compared to the NHANES (2011-2012) geometric mean, 2.08 ng/ml, and 95
percentile, 5.68 ng/ml, serum PFOA concentrations. Increases in serum PFOA levels predicted
from average and upper percentile drinking water consumption at various drinking water PFOA
concentrations are shown in Figure E-1.
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Figure E-1. Increases in serum PFOA concentrations predicted from mean and upper percentile consumption of
drinking water with various concentrations of PFOA, as compared to U.S median and 95" percentile serum PFOA
levels (NHANES, 2011-12).

Exposures to infants

In humans, PFOA has been measured in amniotic fluid, maternal serum, umbilical cord blood,
and breast milk. Serum PFOA concentrations in infants at birth are similar to those in maternal
serum. Both breast-fed infants whose mothers ingest contaminated drinking water and infants
fed with formula prepared with contaminated drinking water receive much greater exposures to
PFOA than older individuals who consume drinking water with the same PFOA concentration.
PFOA exposure in breast-fed infants is greatest during the first few months of life because both
PFOA concentrations in breast milk and the rate of fluid consumption are highest then. As a
result, serum PFOA concentrations in breast-fed infants increase several fold from levels at birth
within the first few months of life (Figure E-2). Exposures to infants who consume formula
prepared with contaminated water are also highest during this time period. While serum PFOA
levels peak during the first year of life, they remain elevated for several years. These elevated
exposures during infancy and early childhood are of particular concern because early life effects
are sensitive endpoints for the toxicity of PFOA.
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Health Effects

Because the scientific database related to health effects of PFOA is very large, evaluation was
focused on specific endpoints from human and animal studies. Relevant studies were identified
through literature searches of the PubMed database, from earlier evaluations of PFOA by the
Health Effects Subcommittee, and through backwards searching.

Epidemiology
The choice of endpoints selected for comprehensive review from epidemiology studies was

largely based on knowledge gained from previous evaluations by the DWQI Health Effects
Subcommittee. Health endpoints evaluated comprehensively were serum cholesterol/lipids, liver
enzymes/bilirubin and liver disease, uric acid, thyroid function and thyroid disease, and antibody
concentrations following vaccination. In total, 54 epidemiological studies were evaluated in
depth, including studies from the general population, communities with drinking water exposures
including most notably the C8 Health Study - a large study of about 70,000 Ohio and West
Virginia residents exposed to a wide range of PFOA concentrations (>50 ng/L to over 3000
ng/L) in drinking water, and occupationally exposed workers. Recent comprehensive reviews by
other authoritative scientific groups were evaluated for two additional critical endpoints, fetal
growth following developmental exposure and cancer.

Of the endpoints that were evaluated comprehensively, the evidence for associations with PFOA
was strongest for increases in serum levels of cholesterol, the liver enzyme ALT, and uric acid.
PFOA was associated with clinically defined hypercholesterolemia in a community exposed
through drinking water. The epidemiological evidence supports multiple criteria for a causal
relationship between PFOA and both serum cholesterol and ALT. Notably, the steepest dose-
response for associations with these endpoints was within the range of serum PFOA



concentrations found in the general population and communities with drinking water exposures,
with a much flatter curve at higher serum concentrations.

For some other endpoints that were comprehensively reviewed, limited evidence of an
association with PFOA was found. Although there is consistent evidence of decreased antibody
concentrations following vaccination, most of the vaccine types were evaluated in only one or
two studies and there is limited evidence of exposure-response. Other endpoints with limited
evidence of an association include LDL, the liver enzymes GGT and AST, bilirubin, liver
disease, and thyroid disease. There was limited or no evidence of association of PFOA with TSH
and thyroid hormones, and no evidence for association with HDL or the liver enzyme ALP.

A systematic review using the Navigation Guide methodology concluded that there is
“sufficient” human evidence, the strongest descriptor for strength of evidence, that
developmental exposure to PFOA reduces fetal growth (e.g. birth weight) in humans (Johnson et
al., 2015). It was concluded that the basis for this conclusion is reasonable and supportable.
Maternal glomerular filtration rate (GFR) was evaluated as a potential confounding factor for
this effect, and it was concluded that decreased GFR does not account for the major portion of
the decrease in fetal growth associated with PFOA.

PFOA was associated with increased incidence of testicular and kidney cancer in communities
with drinking water exposure. These studies accounted for smoking history and other relevant
factors. The USEPA SAB (2006) described PFOA as “likely to be carcinogenic to humans.”
based on the criteria provided in USEPA (2005b) cancer risk assessment guidance. More
recently, IARC (2016) concluded that PFOA is possibly carcinogenic to humans, and the
USEPA Office of Water (2016a) described it as having suggestive evidence of carcinogenic
potential.

Although the magnitude of change for some of the parameters associated with PFOA was
relatively small, they are of public health concern because population-level changes of this
magnitude will result in a shift in the overall distribution of values such that the number of
individuals with clinically abnormal values is increased. Additionally, small changes in a clinical
biomarker may be an indicator of other effects that were not evaluated. For example, relatively
small decreases in birth weight may be an indication of changes in other more subtle
developmental parameters which were not assessed.

In summary, associations of PFOA with numerous health endpoints have been found in human
populations with evidence supporting criteria for causality for some endpoints. These health
endpoints include non-carcinogenic effects in the general population, and both non-carcinogenic
effects and cancer in communities with drinking water exposure. The epidemiologic data for
PFOA are notable because of the consistency between results among human epidemiologic
studies in different populations, the concordance with toxicological findings from experimental
animals, the use of serum concentrations as a measure of internal exposure, the potential clinical
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importance of the endpoints for which associations are observed, and the observation of
associations within the exposure range of the general population. These features of the
epidemiologic data distinguish PFOA from most other organic drinking water contaminants and
justify concerns about exposures to PFOA through drinking water. Although there is evidence to
support causality for some epidemiological endpoints, the human data have limitations and
therefore are not used as the quantitative basis for the ISGWQC. Instead, the potential ISGWQCs
developed below are based on sensitive and well-established animal toxicology endpoints that
are considered relevant to humans based on mode of action data.

Toxicology
The toxicological database for PFOA includes evaluation of numerous effects in non-human

primates and rodents. The review for development of the ISGWQC focused on endpoints that
were identified as sensitive and potentially appropriate for use in risk assessment. The effects
selected for detailed review were hepatic toxicity, developmental effects, immune system
toxicity, and carcinogenicity. As discussed above, effects relevant to these endpoints have been
associated with PFOA in human epidemiological studies. Additionally, information is presented
on general toxicity in non-human primates, as well as thyroid, neurobehavioral, and male
reproductive effects.

The non-human primate studies have limitations that preclude their consideration as the basis for
risk assessment. These include very small numbers of animals, severe toxicity at the lowest
dose, loss of animals during the study due to toxicity and/or mortality, and lack of dose-response
for key endpoints (e.g. increased liver weight).

Increased liver weight is a sensitive toxicological endpoint for PFOA which has been observed in
many studies in both non-human primates and rodents. Increased liver weight can co-occur with
and/or progress to more severe hepatic effects including hepatocellular necrosis, fatty liver,
increased serum liver enzymes, and hyperplastic nodules. Recent studies show that
developmental exposure to low doses of PFOA in mice causes cellular changes indicative of
liver toxicity that persist until adulthood.

Reproductive or developmental effects of PFOA have not been studied in non-human primates.
The mouse is an appropriate species for evaluating effects on reproduction and development
since the female mouse excretes PFOA slowly, as do humans. In contrast, rats and rabbits are
not ideal models for studying these effects because they excrete PFOA very quickly, with a half-
life of a few hours. Effects from developmental exposures in mice include full litter resorptions,
decreased postnatal survival and growth, delayed development, accelerated sexual maturation in
males, persistent liver toxicity (noted above), and delayed mammary gland development. PFOA
also causes reproductive toxicity in male mice.



Delayed mammary gland development and persistent liver toxicity after perinatal (prenatal
and/or neonatal) exposure are sensitive endpoints which occur in mice at lower doses of PFOA
than other developmental effects. Delayed mammary gland development has been reported in
nine separate studies presented in five publications, while only one study which has several
general problematic issues did not find this effect. Gestational and/or lactational exposures to
PFOA caused delayed mammary gland development in pregnant dams and/or female offspring in
two strains of mice. Histological changes in the mammary gland of exposed offspring occurred
in a dose-related fashion, persisted until adulthood, and were considered permanent. However,
available toxicological information is not sufficient to make conclusions about the effects of
PFOA on lactational function. Maternal PFOA exposure has been associated with shorter
duration of breastfeeding in humans, and there is no information indicating that the histological
changes observed in mice are not relevant to humans.

Additional studies evaluated effects of peripubertal (around the time of puberty) exposure on
mammary gland development in mice. These studies cannot be directly compared to studies of
perinatal exposure because effects on mammary gland development differ depending on the
lifestage when exposure occurs. Additionally, interpretation of the peripubertal studies is
problematic because each PFOA dose level was used in only one study in each of the strains of
mice evaluated, such that dose-response interpretations can only be made by combining data
from different studies.

PFOA suppressed the immune system in studies of thesus monkeys and mice. Decreased bone
marrow cellularity and lymphoid atrophy occurred in monkeys, while effects in mice included
decreased spleen and thymus weights, decreased thymocyte and splenocyte counts, decreased
immunoglobulin response, and changes in total numbers and/or specific populations of
lymphocytes. Immune system effects were not observed in two rat studies which included doses
higher than those which generally caused these effects in mice.

Review of the toxicological data indicates that increased liver weight is an endpoint that is as
sensitive or more sensitive than immune system toxicity or reproductive/developmental effects,
with the exception of delayed mammary gland development.

PFOA caused tumors of the liver, pancreatic acinar cells, and testicular Leydig cells in male rats.
Since PFOA is rapidly excreted by female rats, chronic studies in another species in which
PFOA is persistent in both sexes, such as the mouse, would provide important information
specific to females. A recent study suggests that prenatal exposure to PFOA in mice caused an
increased incidence of liver tumors. However, this study was not designed as a carcinogenicity
bioassay and does not provide definitive information on this issue. Additional research on
carcinogenicity later in life after developmental exposures to PFOA is needed.
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Mode of Action

The mode(s) of action of PFOA have not been fully characterized. Based on the information
reviewed in this report, the toxicological effects of PFOA are generally considered relevant to
humans for the purposes of risk assessment.

PFOA is not chemically reactive. Thus, it is not metabolized to reactive intermediates and does
not covalently bind to nucleic acids and proteins. Consistent with these properties, available data
indicate that it is not genotoxic.

Activation of nuclear receptors and role of PPAR-alpha
Effects of PFOA occur through multiple modes of action including activation of receptors that

control the expression of genes involved in many biological pathways. Much attention has been
focused on the potential human relevance of effects that occur through activation of the nuclear
receptor, peroxisome proliferator-activated receptor-alpha (PPAR-alpha). This question arises
because many PPAR-alpha activating compounds cause rodent liver tumors; the human
relevance of these tumors is subject to debate due to lower levels and/or differences in intrinsic
activity of PPAR-alpha in human liver. However, the uncertainty about human relevance does
not necessarily apply to PPAR-alpha mediated effects other than liver tumors. Both human and
mouse PPAR-alpha are activated by PFOA in vitro, and the results do not clearly indicate that
human PPAR-alpha is less sensitive than rodent PPAR-alpha in these in vitro systems.

Hepatic effects
Studies of non-human primates, standard strains of rats and mice, PPAR-alpha null mice, and

humanized PPAR-alpha mice support the conclusion that hepatic effects of PFOA are relevant to
humans for the purposes of risk assessment. As noted above, PFOA is associated with increased
liver enzymes in human epidemiological studies.

In a subchronic study of cynomolgus monkeys, a species in which human relevance of hepatic
effects is not in question, PFOA caused increased liver weight and peroxisomal proliferating
activity similar in magnitude to that seen in rats, demonstrating that hepatic PPAR-alpha activity
in response to PFOA is not limited to rodents. In this study, several animals exhibited notably
increased liver weight, highly elevated serum liver enzymes, and/or severe hepatic toxicity.

Observations in standard strains of laboratory rodents indicate that PFOA causes PPAR-alpha
independent hepatic effects in rodents with normal PPAR-alpha function. In these strains,
increased relative liver weight caused by PFOA did not directly correspond with hepatic
peroxisome proliferating activity. Additionally, PFOA caused fatty liver in these standard strains,
although PPAR-alpha activation decreases hepatic lipids. Finally, developmental exposure to
PFOA caused abnormal mitochondria in livers of a standard mouse strain, with no evidence of
peroxisome proliferation.

11



PFOA caused decreased serum lipids, typically associated with PPAR-alpha activation, in
rodents, while increased serum lipids are associated with PFOA exposure in humans. Recent
studies suggest that these differences may be related to the low fat diet generally used in
laboratory rodent studies versus the higher fat content of a typical Westernized human diet,
rather than solely to interspecies differences.

Studies comparing wild type (with normal PPAR-alpha) and PPAR-alpha null (lacking PPAR-
alpha) mice provide further evidence that hepatic effects occur through both PPAR-alpha
dependent and independent pathways. PFOA caused similar increases in liver weight in wild
type and PPAR-alpha null strains. Increased liver enzymes and histopathological changes,
particularly damage to the bile duct, also occurred in PFOA-treated PPAR-alpha null mice.
Additionally, developmental exposures to PPAR-alpha null mice caused persistent
histopathological changes in the liver.

Studies of strains of mice which express human PPAR-alpha in the liver (humanized PPAR-
alpha mice) indicate that PFOA causes hepatic effects through activation of human PPAR-alpha.
In humanized PPAR-alpha mice, PFOA caused increased liver weight similar to that in wild type
mice, activation of hepatic genes associated with PPAR-alpha, and histopathological changes in
the liver. Fetal liver weight was increased similarly in wild type and humanized PPAR-alpha
mice after in utero exposure, and expression of genes associated with PPAR-alpha in fetal liver
was increased to a greater degree in humanized PPAR-alpha mice than in wild type mice.

Immune system effects

PFOA suppresses the immune system in both non-human primates and mice. As noted above,
decreased response to vaccinations has been associated with PFOA in human epidemiological
studies. Data from mouse studies indicate that these effects on the immune system occur through
both PPAR-alpha dependent and independent modes of action. Both PPAR-alpha dependent and
independent effects on the immune system are considered relevant to humans for the purposes of
risk assessment.

Developmental and reproductive effects

As noted above, decreased fetal growth is associated with PFOA in human epidemiological
studies. Developmental effects of PFOA in rodents appear to occur primarily through PPAR-
alpha dependent mechanisms, while some reproductive effects such as full litter resorptions
appear to be PPAR-alpha independent. PPAR-alpha and other PPARs are present in human fetal
tissues and are expected to have important roles in reproduction and development. Therefore,
PPAR-alpha mediated effects of PFOA on development are considered relevant to humans for
the purposes of risk assessment. Toxicity to the placenta may play a role in PFOA’s
developmental effects such as fetal growth retardation; more research is needed on this question.
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Delayed mammary gland development after developmental exposure is a sensitive endpoint for
PFOA toxicity in mice. The rodent is considered a good model for human mammary gland
development, and there is no mode of action evidence suggesting that the effects of PFOA on
this endpoint are not relevant to humans.

PFOA also causes male reproductive toxicity in mice, and there is no mode of action information
to suggest that these effects are not relevant to humans.

Carcinogenicity

As noted above, PFOA has been associated with increased incidence of kidney and testicular
cancer in communities exposed through drinking water after adjustment for smoking and other
relevant factors. The USEPA Science Advisory Board (2006) concluded that the liver tumors
caused by PFOA in rats are potentially relevant to humans, based on similarities in hepatic
effects of PFOA in monkeys and rodents and the limited evidence available at the time on
hepatic effects of PFOA in PPAR-alpha null mice. Subsequent studies in PPAR-alpha null mice
have provided substantial additional relevant data. Importantly, hepatic cell proliferation, a
causal event for tumor formation, is increased similarly by PFOA in wild type and PPAR-alpha
null mice. Although a carcinogenicity bioassay of PFOA has not been conducted in PPAR-alpha
null mice, a recent study suggests that developmental exposures to PFOA may cause hepatic

tumors in adulthood in this strain. Finally, studies in rainbow trout, a species used as a model for
human liver cancer because it lacks PPAR-alpha, suggest that PFOA causes liver tumors through
an estrogenic mode of action.

The mode of action for the testicular and pancreatic tumors caused by PFOA in rats has not been
established. Therefore, they are considered relevant to humans for the purposes of risk

assessment.

Additional modes of action

A number of other modes of action for PFOA have been suggested including effects on
intercellular gap junction communication, effects on mitochondria, changes in expression of
microRNAs (miRNAs), and effects related to transporter proteins such as organic anion
transporters (OATs) and multidrug resistance-associated proteins (MRPs).

Development of ISGWOQC

ISGWQC are intended to be protective for chronic (lifetime) exposure through drinking water.
They are based on a one in one million lifetime cancer risk level for carcinogens and no adverse
effects from lifetime ingestion for non-carcinogens. PFOA was described as “likely to be
carcinogenic to humans” by the USEPA Science Advisory Board and “possibly carcinogenic to
humans” by the International Agency for Research on Cancer (IARC), and as having “suggestive
evidence of carcinogenic potential” by the USEPA Office of Water. As such both non-
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carcinogenic and carcinogenic effects were evaluated using approaches consistent with USEPA
risk assessments guidance and previous risk assessments developed by NJDEP.

Both the human epidemiology data and the animal toxicology data were considered as part of the
overall weight of evidence for the potential human health effects of PFOA. As discussed above,
PFOA is associated with non-carcinogenic effects in the general population, and with both non-
carcinogenic effects and cancer in communities with drinking water exposure. Although the data
for some endpoints support multiple criteria for causality, the human epidemiology data have
limitations and are therefore not used as the quantitative basis for the ISGWQC. As such, the
ISGWQC is based on sensitive and well established animal toxicology endpoints that are
considered relevant to humans. Notwithstanding, the human data suggest that continued human
exposure to even relatively low concentrations of PFOA in drinking water results in elevated
body burdens that increase the risk of health effects, indicating a need for caution about
exposures from drinking water. Therefore, the human epidemiological data support the use of

a public health-protective approach in developing a ISGWQC based on animal toxicology data.

ISGWQC based on non-carcinogenic effects
Delayed mammary gland development and increased relative liver weight were identified as the
most sensitive non-carcinogenic endpoints with data appropriate for dose-response modeling,

and it was concluded that these endpoints are relevant to humans for the purposes of risk
assessment. Benchmark dose (BMD) modeling of serum PFOA data from toxicological studies
was performed to determine the BMDLs (lower 95% confidence limit on the doses
corresponding to a minimal response) for the serum concentrations that are used as the points of
departure (PODs) for these endpoints. Only studies that provide serum PFOA data were
considered for dose-response modeling for these effects, since measured serum levels are
associated with less uncertainty than serum level estimates from pharmacokinetic modeling or
interspecies extrapolations based on half-life differences.

Effects on mammary gland development

Delayed mammary gland development is the most sensitive systemic endpoint with data
appropriate for dose-response modeling, and a Reference Dose (RfD) was developed for this
endpoint. It is believed that this endpoint has not previously been used as the primary basis for
health-based drinking water concentrations or other human health criteria. Because the use of
delayed mammary gland development as the basis for quantitative risk assessment is a currently
developing topic, an ISGWQC with this RfD as its primary basis was not recommended.
However, it was concluded that an additional uncertainty factor (UF) should be incorporated into
the RfD based on increased liver weight (the endpoint used as the basis for the ISGWQC - see
below) to protect for mammary gland effects, persistent liver toxicity, and other effects from
developmental exposures at doses far below those that cause increased relative liver weight.
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A study of exposure to pregnant mice on days 10-17 of gestation (Macon et al., 2011) is the only
developmental exposure study of mammary gland development that provides serum PFOA data
appropriate for dose-response modeling. Of the multiple time points assessed in this study,
delays in mammary gland development were most evident on postnatal day (PND 21). Of the
several endpoints related to mammary gland development that were evaluated, decreases in
mammary gland developmental score and number of terminal end buds were selected for dose-
response modeling because they showed a statistically significant dose-related decrease at PND
21. BMD modeling was based on serum levels at PND 1, since they were higher at this time than
at later time points. The serum concentration BMDLs for a 10% change in decreased
developmental score and decreased number of terminal end buds were 24.9 and 22.9 ng/ml,
respectively.

A total UF of 30, including UFs of 10 for intra-human variability and 3 for animal-to-human
toxicodynamic differences, was applied to the serum level BMDL for decreased number of
terminal end buds, 22.9 ng/ml, to derive a Target Human Serum Level of 0.8 ng/ml. The typical
UF of 3 for toxicokinetic variability between species is not included because the risk assessment
is based on comparison of internal dose (serum levels) rather than administered dose. The Target
Human Serum Level is analogous to a RfD in terms of internal, rather than administered, dose.
This Target Human Serum Level for delayed mammary gland development of 0.8 ng/ml is below
the median serum PFOA level in the U.S. general population (2.1 ng/ml). The clearance factor
mentioned above, 1.4 x 10 L/kg/day, was applied to the Target Human Serum Level, 0.8 ng/ml,
to calculate an RfD of 0.11 ng/kg/day.

Hepatic effects

Increased relative liver weight is a well-established effect of PFOA which is more sensitive than
most other toxicological effects such as immune system toxicity and most
reproductive/developmental effects (Table 12 of Animal Toxicology section). The ISGWQC for
non-carcinogenic effects is based on this endpoint.

A study of male mice exposed to branched/linear PFOA for 14 days (Loveless et al., 2006) that
showed a dose-related increase in relative liver weight was selected for dose-response modeling.
This isomeric mixture is relevant to environmental contamination and human exposure, and it
was used in almost all toxicological studies of PFOA. Because review of studies of increased
relative liver weight indicated that the magnitude of this effect does not increase with exposure
durations longer than 14 days, this study was considered to be of sufficient duration for use as
the basis for an ISGWQC. BMD modeling of the serum PFOA data from the study determined a
serum level BMDL for a 10% increase in relative liver weight of 4350 ng/ml.

A total UF of 300 was applied to the serum level BMDL of 4350 ng/ml to derive a Target
Human Serum Level of 14.5 ng/ml. This UF includes UFs of 10 for intra-human variability, 3
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for animal-to-human toxicodynamic differences, and 10 to protect more sensitive toxicological
effects. These more sensitive effects, including delayed mammary gland development and
hepatic toxicity after developmental exposures, occurred at doses 100-fold lower than the Lowest
Observed Adverse Effect Level (LOAEL) for increased liver weight. Although the study
duration was only 14 days and the ISGWQC is intended to protect for chronic exposure, a UF for
less-than-chronic duration of exposure was not applied because increased liver weight does not
appear to increase in magnitude when exposures continue beyond two weeks. The clearance
factor mentioned above, 1.4 x 10 L/kg/day, was applied to the Target Human Serum Level,

14.5 ng/ml, to calculate an RfD of 2 ng/kg/day.

Relative Source Contribution factor

A Relative Source Contribution (RSC) factor that accounts for non-drinking water sources
including food, soil, air, water, and consumer products is used by USEPA, NJDEP, and the
DWQI in the development of health-based drinking water concentrations based on non-
carcinogenic effects. The default value for the RSC is 20%, meaning that 20% of total exposure
is assumed to come from drinking water and 80% from non-drinking water sources. If
supported by available data, a higher chemical-specific value (up to 80%) can be used (i.e. the
percent exposure from non-drinking water sources is lower than the default assumption of
80%). It was concluded that there are insufficient data to develop a chemical-specific RSC for
PFOA. USEPA UCMR3 monitoring shows that PFOA occurs (at concentrations greater than
20 ng/L) more frequently in PWS located throughout New Jersey (10.5%) than nationwide
(1.9%).

There are no New Jersey-specific biomonitoring data for PFOA, and the more frequent
occurrence in NJ PWS suggests that New Jersey residents may also have higher exposures from
non-drinking sources, such as contaminated soils, house dust, or other environmental media,
than the U.S. general population. Additionally, the default RSC of 20%, while not explicitly
intended for this purpose, also partially accounts for the greater exposures to infants who are
breast-fed or consume formula prepared with contaminated drinking water, as compared to
older individuals. These higher exposures during infancy must be considered because short
term exposures to infants are relevant to the effects of concern (delayed mammary gland
development and increased relative liver weight). Therefore, the default RSC of 20% was used
to develop the ISGWQC.

ISGWQC based on non-carcinogenic effects

The health-based water concentration protective for increased liver weight, based on the RfD
of 2 ng/kg/day, standard drinking water exposure assumptions (2 L/day water consumption; 70
kg body weight), and a 20% RSC is 14 ng/L.
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ISGWQC based on carcinogenic effects
Testicular tumor data from the chronic dietary exposure rat study (Butenhoff et al., 2012) are the
only tumor data appropriate for dose-response modeling and were used to develop a cancer

potency factor. The BMDL for 5% tumor incidence is 2.36 mg/kg/day, and the corresponding
cancer potency factor is 0.021 (mg/kg/day)™!. The dose in rats corresponding to a 1 x 107 risk
level, 4.8 x 10~ mg/kg/day, was converted to the human equivalent dose of 4 x 10”7 mg/kg/day
(0.4 ng/kg/day) using a pharmacokinetic adjustment based on the ratio of half-lives in the two
species. Using default drinking water assumptions (2 L/day water consumption; 70 kg body
weight), the health-based water concentration at the 1 x 107 lifetime cancer risk level is 14 ng/L.
This value is identical to the health-based water concentration based on non-cancer endpoints
developed above.

Since ISGWQC are rounded to one significant figure, the ISGWQC is 10 ng/L.

Potential for additive toxicity with other PFCs

Available information indicates that the target organs and modes of action are generally similar
for PFOA and some other PFCs, such as PFNA. Therefore, the toxicity of PFOA and other PFCs
may be additive. Although PFOA and other PFCs, including PFNA, are known to co-occur in NJ
ground water, the potential for additive toxicity of PFOA and other PFCs was not considered in
development of the ISGWQC.

The ISGWQC is 10 ng/L (0.01 pg/L).
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INTRODUCTION

Development of ISGWOQC by NJDEP

Development of an ISGWQC for perfluorooctanoic acid (PFOA, C8) was requested of the New
Jersey Department of Environmental Protection (NJDEP) Division of Science, Research and
Environmental Health by the NJDEP Site Remediation Program under N.J.A.C 7:9C.

Interim specific ground water quality criteria are intended to be protective from lifetime cancer
risk at the one in one million (10°) risk level and from any adverse non-cancer effects resulting
from chronic (lifetime) exposure.

Document development process

The ISGWC is based primarily on an evaluation of PFOA by the Health Effects Subcommittee
of the DWQI. The information in this document is very similar to that in the DWQI Health-
Based Maximum Contaminant Level Support Document: Perfluorooctanoic Acid (PFOA)
(DWQI, 2017). Text has been revised by the New Jersey Department of Environmental
Protection to describe the development of the ISGWC.

The evaluation of PFOA began by formulating an approach for the review of information and
document development. Because the scientific database related to health effects of PFOA is very
large, it was decided to focus on specific endpoints from human and animal studies for hazard
identification and/or dose-response. Criteria for selection of the human and animal endpoints that
were reviewed in depth are discussed in the Epidemiology and Toxicology sections.

A literature search of PubMed databases through April 2015 was conducted using relevant
search terms which are provided in Appendix 1. The U.S. National Library of Medicine’s
Toxline database was searched using similar keywords as the PubMed search strings. The
Toxline search yielded a significant number of non-peer reviewed literature including articles,
policy papers, and grant proposals, and ultimately Toxline did not identify additional peer-
reviewed literature for inclusion in the review. Studies evaluated also included relevant citations
from the earlier DWQI Health Effects Subcommittee evaluations of PFOA, as well as backward
searching. PubMed is also searched on a monthly basis, and an ongoing title review of these
searches was conducted to identify any additional studies for inclusion.

The original PubMed search identified 2,016 references. All of these references were screened
by title, abstract and/or full text. Title and abstract review was used to sort studies into inclusion
categories for consideration for detailed evaluation related to hazard identification and/or dose-
response evaluation using EndNote (Appendix 1). Studies were excluded if they were
“Unrelated” which includes those studies which either did not assess PFOA, were proposals or
reviews, or if they were “Non-Health™” which includes studies of analytical methods,
environmental occurrence, sources of human and wildlife exposure, and other topics unrelated to
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health effects. Some studies categorized as “Non-Health” are cited in relevant sections of the
document, as appropriate. Remaining studies were identified as either “in vitro”, “Experimental
Animal”, or “Human”. Further study inclusion categories are described in more detail in the
Epidemiology and Toxicology sections. The numbers of records retrieved, and numbers of
studies sorted into inclusion/exclusion categories are also provided in Appendix 1. Following
study inclusion identification, data were extracted from included studies into individual study
tables and/or summary tables, as described in the Epidemiology and Toxicology sections.
Individual study tables for the Epidemiology section are provided in Appendix 4 and for the
Toxicology section in Appendix 5.

Some sections of the document that provide background information but do not impact
development of the ISGWQC (e.g. Environmental Sources, Fate, and Occurrence) are based on
updates of the Subcommittee’s previous evaluation of PFOA in 2009-10 and a comprehensive
review of PFOA as an emerging drinking water that was published in 2012 (Post et al., 2012).

In 2014, NJDEP posted a request for public input regarding data or technical information about
the toxicology, epidemiology, toxicokinetics, or other health effects topics related to PFOA that
should be considered in evaluation of PFOA. One submission on PFOA was received, and
relevant comments from this submission were considered.

BACKGROUND INFORMATION

PFOA is a member of a class of anthropogenic chemicals called perfluorinated chemicals (PFCs)
with structures consisting of a totally fluorinated carbon chain of varying length and a charged
functional group, such as carboxylate or sulfonate (Lindstrom et al., 2011a). PFCs are members
of a larger class of compounds, poly- and perfluoroalkyl substances (PFAS) which also includes
fluorinated compounds with structures that differ from PFCs (Buck et al., 2011). The eight-
carbon PFCs, PFOA and PFOS, were the most intensively investigated compounds in earlier
studies, while current research focuses on a wider range of PFAS.

Physical and Chemical Properties (PubChem, 2016)

Chemical Name: Perfluorooctanoic acid
Synonyms: PFOA, C8
CAS #: 335-67-1
Chemical Formula: CsHF 150,
Chemical Structure: CF3(CF2)6COOH
P % W
Molecular Weight: 414.07
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Physical State: Solid

Melting Point: 543 °C
Boiling Point: 189 -192.4 °C
Vapor Pressure: 0.017 mm Hg at 20 °C
Density: 1.8 g/cm? at 20 °C
Water Solubility: 9.5g/Lat25°C
Log octanol/water
partition coefficient: Not applicable (see below).

Taste Threshold (water): No data
Odor Threshold (water): No data
Odor Threshold (air): No data

PFOA is a fully fluorinated carboxylic acid. Because carbon-fluorine bonds are among the
strongest found in organic chemistry due to fluorine’s electronegativity, PFOA and other PFCs
are extremely stable and resistant to chemical reactions. PFOA is resistant to biodegradation,
direct photolysis, atmospheric photooxidation, and hydrolysis, and is not known to degrade in the
environment (Vaalgamaa et al., 2011).

PFOA contains a long perfluorocarbon tail that is both hydrophobic and oleophobic (repels both
water and oil) and a charged end (the carboxylate group) that is hydrophilic. Because it forms a
separate layer when mixed with hydrocarbons and water, measurement of the octanol:water
partition coefficient is not practical (Prevedouros et al., 2006).

PFOA has been manufactured as salts such as ammonium perfluorooctanoate (APFO) or
sodium perfluorooctanoate (NaPFOA) which dissociate in water. The PK, of PFOA is 2.8. At
the pH range found in drinking water (6.5-8.5) and within the body, PFOA is present almost
totally in the non-volatile anionic form, the perfluorooctanoate anion (Goss, 2008; Rayne and
Forest, 2010).

Production and Use

PFOA and other PFCs have been produced for use in commercial products and in industrial
processes for over 60 years. Because of their unique surfactant properties and their resistance to
chemical and thermal degradation, they have been used in many applications including water-,
soil-, and stain-resistant coating for fabrics used in clothing, upholstery, and carpets, oil-resistant
coatings for food contact paper, aviation hydraulic fluids, fire-fighting foams, paints, adhesives,
waxes, and polishes, and other products. They are used industrially as surfactants, emulsifiers,
wetting agents, additives, and coatings. PFOA is used as a processing aid (emulsifier) in the
production of fluoropolymers such as polytetrafluoroethylene (PTFE) and fluoroelastomers used
as non-stick coatings on cookware, membranes for waterproof/breathable clothing, electrical
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wire casing, fire and chemical resistant tubing, and plumbing thread seal tape (Lau et al., 2007,
Buck et al., 2011; Lindstrom et al., 2011a; Post et al., 2012).

PFOA has been produced by two different manufacturing methods, electrochemical fluorination
(ECF) and telomerization. The ECF process was primarily used from 1947 to 2002. In this
process, 1-heptanecarbonyl fluoride is dissolved in anhydrous hydrogen fluoride, and an
electrical current is passed through the solution causing all hydrogen atoms on the carbon
backbone to be replaced with fluorine atoms. This process produces a mixture of isomeric forms
including branched, linear, and cyclic isomers of various chain lengths (Prevedouros et al., 2006;
Buck et al, 2011; Lindstrom et al., 2011a).

The second process, telomerization, has been primarily used since 2002. This process involves
reacting pentafluoroiodoethane with tetrafluoroethane in the molar ratio that gives the desired
chain length. The product of this reaction is then oxidized to form the carboxylic acid. This
process produces straight chain (linear) PFOA (Prevedouros et al., 2006; Buck et al, 2011;
Lindstrom et al., 2011a).

Historically, PFOA and PFOS were the two PFCs produced in the greatest amounts. PFOS was
principally manufactured by the 3M Company, which completed its phase-out of production of
this chemical in 2002. In 2006, the eight major U.S. producers of PFOA voluntarily agreed to
reduce emissions and product content of PFOA and related substances, including precursors of
PFOA, on a global basis by 95% by 2010 and to work towards elimination of these substances by
2015 (USEPA, 2016b). According to USEPA, reports submitted by the participating companies
in 2013 and 2014 indicated that they were on track to achieve the goal of phasing out these
chemicals by the end of 2015. However, other manufacturers and users of PFOA that are not
participants in the voluntary agreement with USEPA continue to emit large amounts of PFOA to
the environment, particularly in nations overseas including China, India, Russia, and Poland
(USEPA, 2009; Lindstrom et al., 2011; OECD, 2015).

In 2009, the USEPA Office of Pollution Prevention and Toxics (OPPT) developed action plans
for several groups of chemicals of concern including PFCs (USEPA, 2009a). According to the
USEPA Action Plan, concerns about PFOA and other PFCs include their worldwide presence in
the environment, wildlife, and humans; their persistence in the environment and bioaccumulative
potential in humans and wildlife; and the significant adverse effects observed in wildlife and
laboratory animals. USEPA stated that “given the long half-life of these chemicals in humans
(years), it can reasonably be anticipated that continued exposure could increase body burdens to
levels that would result in adverse outcomes.”

USEPA (2009a) stated that PFOA and other long-chain PFCs are of concern for children’s
health, based on studies in laboratory animals that have demonstrated developmental toxicity,
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including neonatal mortality. They stated that: “Children’s exposures are greater than adults due
to increased intakes of food, water, and air per pound of body weight, as well as child-specific
exposure pathways such as breast milk consumption, mouthing and ingestion of non-food items,
and increased contact with the floor. Biomonitoring studies have found PFCs in cord blood and
breast milk, and have reported that children have higher levels of some PFCs compared to adults.
Thus, given the pervasive exposure to PFCs, the persistence of PFCs in the environment, and
studies finding deleterious health effects, USEPA will examine the potential risks to fetuses and
children.”

USEPA (2009a) stated that it intended to propose actions to address the potential risks from
long-chain PFCs in 2012 under the Toxic Substances Control Act (TSCA). USEPA stated that
potential actions could include banning or restricting their manufacture (including import),
processing, and use, depending on the findings of more detailed analysis of information on these
compounds.

In 2013, the European Chemical Agency (ECHA) Member State Committee unanimously agreed
that PFOA should be classified as a Substance of Very High Concern (SVHC) because it has
potential to cause reproductive toxicity and is persistent, bioaccumulative, and toxic (ECHA,
2013. ECHA (2015) is currently considering restrictions on the manufacture, marketing and use
of PFOA, its salts and PFOA-related substances, as well as of articles and mixtures containing
these substances.

GUIDANCE AND STANDARDS DEVELOPED BY NEW JERSEY, OTHER STATES,
AND USEPA

New Jersey Health-based Drinking Water Guidance

New Jersey DEP developed chronic (lifetime) drinking water guidance for PFOA in drinking
water of 40 ng/L in 2007 (NJDEP, 2007). The basis for the NJDEP guidance was subsequently
published in a peer-reviewed journal (Post et al., 2009a).

The New Jersey guidance is based on the NOAELs (No Observed Adverse Effects Levels) and
LOAELSs from toxicology studies identified in the draft USEPA (2005a) PFOA risk assessment
and considered the conclusions of the USEPA Science Advisory Board (2006) review of this
draft risk assessment. The draft USEPA (2005a) risk assessment compared PFOA exposures
prevalent within the U.S. general population with NOAELs and LOAELSs for various life stages
identified in toxicology studies. As such, the USEPA (2005a) draft risk assessment did not
develop a Reference Dose or a cancer slope factor for PFOA, and it did not address the
relationship between drinking water concentration and human body burden, as measured by
serum level.
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Because the half-life of PFOA is much longer in humans (several years) than in the animal
species used in the toxicological studies (several hours to 30 days), a given external dose
(mg/kg/day) results in a much greater internal dose (as indicated by serum level) in humans than
in animals. Therefore, comparisons between effect levels in animal studies and human exposures
were made on the basis of serum levels rather than external dose. This approach was
recommended by USEPA (2005a) and the USEPA Science Advisory Board (2006).

Target Human Serum Levels (analogous to RfDs, but on a serum level basis) were derived by
applying UFs to the measured or modeled serum levels at the NOAELs or LOAELSs identified by
USEPA (2005a). The default RSC of 20% was applied to the Target Human Serum Levels to
account for contributions to serum PFOA from non-drinking water exposures. The default RSC
value is used when the relative contributions of drinking water versus non-drinking water
sources are not fully characterized, as is the case for PFOA.

USEPA (2005a) classified PFOA as having “suggestive evidence of carcinogenic potential”,
whereas the USEPA Science Advisory Board (2006) disagreed and recommended a
classification of “likely to be carcinogenic to humans”. For the cancer end point, the serum level
resulting in a one in one million (10°) risk level was estimated by linear extrapolation from the
modeled serum level in animals at a dose resulting in an approximate 10% tumor incidence.

The mean ratio of approximately 100:1 between serum PFOA levels and drinking PFOA water
concentrations in exposed communities was used to determine the drinking water concentrations
that are expected to result in a given increase in serum PFOA level (Post et al., 2009a). Data
supporting a ratio of 100:1 or greater is discussed in the Toxicokinetics section below. Because
this approach is based on the observed relationship between serum and drinking water
concentrations, assumptions for body weight, volume of water ingested daily, or half-life of
PFOA in humans or experimental animals were not explicitly used in the calculation of the
health-based drinking water concentrations.

The range of health-based drinking water concentrations for the seven endpoints assessed was
0.04-0.26 pg/L, and several of the concentrations fell within a similar range (0.04, 0.05, 0.06,
0.07, and 0.08 pg/L). The most sensitive endpoints, resulting in a drinking water concentration
of 40 ng/L, were decreased body weight and hematological effects in the adult female rat in a
chronic dietary study (Sibinski, 1987). This value was determined to be protective for
carcinogenic effects, as the drinking water concentration at the 10" cancer risk level was
estimated as 60 ng/L.

It should be noted that a large body of health effects information, including toxicology studies

reporting sensitive developmental effects in mice and epidemiology studies reporting
associations of PFOA with numerous health effects, has become available subsequent to the
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USEPA (2005a) risk assessment that served as the basis for the New Jersey guidance. These
data were therefore not considered in the development of the NJDEP (2007) guidance, and they
are considered in the development of the ISGWQC presented in this document.

USEPA Drinking Water Health Advisory

In May 2016, the USEPA Office of Water finalized a drinking water Health Advisory for PFOA
of 70 ng/L (USEPA, 2016a). This Health Advisory is intended to apply to both lifetime
exposure and short-term exposure. It replaces the earlier the USEPA Office of Water (2009b)
Provisional Health Advisory for PFOA of 400 ng/L, developed in 2009, which was stated to be
intended to protect for “short-term exposure” (defined by the USEPA Integrated Risk
Information System (IRIS) as up to 30 days; USEPA, 2011a).

USEPA (2016c¢) also finalized a Health Advisory for PFOS of 70 ng/L, and USEPA (2016d)
states that the total concentration of PFOA and PFOS in drinking water should not exceed 70
ng/L.

A detailed discussion of the basis for the USEPA (2016a) Health Advisory for PFOA and a
comparison with the NJDEP ISGWQC are provided in Appendix 2. In summary, the USEPA
Health Advisory is based on a Reference Dose (RfD) of 20 ng/kg/day. The RfD is based on
delayed ossification and accelerated puberty in male offspring in a mouse developmental
toxicology study (Lau et al., 2006). The default Relative Source Contribution factor of 20% was
used to account for non-drinking water exposures. The USEPA Health Advisory uses a drinking
water consumption rate of 0.054 L/kg/day, based on the 90™ percentile for lactating women,
which is higher than the default consumption rate of based on adult exposure factors.

Figure 1 shows the predicted increases in serum PFOA levels from ongoing exposure in drinking
water at the USEPA Health Advisory (70 ng/L), the NJDEP (2007) guidance (40 ng/L), and the
health-based water concentration (14 ng/L) developed in this document. Predictions based on
both average (0.016 L/kg/day) and upper percentile (0.029 L/kg/day) drinking water ingestion
rates are shown. A clearance factor developed by USEPA scientists (Lorber and Egeghy, 2011)
to relate human PFOA exposures to human serum PFOA levels was used to predict the increases
in serum PFOA from exposures to these level in drinking water. With average water
consumption, ongoing exposure to 70 ng/L (the USEPA Health Advisory) is predicted to
increase serum PFOA by 8.0 ng/ml, a 4.8-fold increase from the U.S. general population
(NHANES) median of 2.1 ng/ml (CDC, 2015). With upper percentile water consumption, the
increase in serum PFOA level from 70 ng/L is predicted as 14 ng/ml, a 7.7-fold increase from the
general population (NHANES) median.
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Figure 1. Increases in serum PFOA concentrations predicted from consumption of drinking water with various
concentrations of PFOA (14 ng/L -NJDEP health-based drinking water concentration; 40 ng/L — NJDEP guidance
(2007); 70 ng/L — USEPA Lifetime Health Advisory).

Agency for Toxic Substances and Disease Registry (ATSDR) Draft Minimum Risk Level

(MRL)
Agency for Toxic Substances and Disease Registry (ATSDR) Draft Minimum Risk Level (MRL)

ATSDR (2018) has recently released a draft Toxicological Profile for Perfluoroalkyls that
includes Intermediate MRLs for several PFCs including PFOA. ATSDR (2018) states that “an
MRL is an estimate of the daily human exposure to a hazardous substance that is likely to be
without appreciable risk of adverse non-cancer health effects over a specified duration of
exposure.” MRLs are therefore similar in concept to RfDs developed by USEPA, NJDEP, and
DWQI, except that RfDs are intended to protect for chronic (lifetime) exposure, while MRLs are
developed for several different exposure durations (Acute — up to 14 days; Intermediate — 15 to
364 days; Chronic — 365 days or longer). For PFOA, the the ATSDR Intermediate MRL of 3
ng/kg/day, close to but slightly higher than the New Jersey RfD of 2 ng/kg/day presented herein.
Both values are based on sensitive toxicological endpoints from mouse studies. As discussed
herein, the New Jersey RfD is based on increased liver weight (Loveless et al., 2012) with an
additional uncertainty factor to protect for sensitive developmental effects that may occur at
much lower doses, and the ATSDR Intermediate MRL is based on behavioral effects
(Onishchenko et al., 2011) and permanent effects on bone structure (Koskela et al., 2016) from
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developmental exposures. Since Intermediate MRLs are intended to protect for a shorter
exposure duration (15 to 364 days) than chronic (lifetime) Reference Doses, it is logical and
consistent that the Intermediate MRL would higher than the New Jersey Reference Dose.

Guidance and standards of other states

The Interstate Technology and Regulatory Council (ITRC, 2018) has developed tables that
provide the PFOA drinking water standards and guidance developed by USEPA, states, and
other nations (Table 4 of ITRC, 2018), and the basis for the USEPA and state PFOA values
(Table 5-2 of ITRC, 2018).

California (California State Water Resources Control Board, 2018; California EPA, 2018)
has recently adopted the NJ DWQI Health-based MCL of 14 ng/L, which has the same
technical basis as the ISGWQC proposed herein, as an interim Notification Level for
detections of PFOA in California public water systems.

Vermont has adopted drinking water and ground water standards (Vermont DEC, 2017) for
PFOA, PFOS, and the total of the two compounds of 20 ng/L.. These Vermont values are based
on the Reference Dose (RfD) of 2 x 10~ mg/kg/day from the draft USEPA (2016a) PFOA Health
Advisory, drinking water exposure assumptions for a child less than 1 year of age (instead of
default adult exposure assumptions), and the default Relative Source Contribution (RSC) factor
0f20%. Vermont (2018) drinking water guidance applies the total of 20 ng/L to PFOA, PFOS,
and three additional PFCs (perfluoroheptanoic acid [PFHpA], perfluorononanoic acid [PFNA],
and perfluorohexane sulfonate [PFHxS].

Minnesota Department of Health (2017) has updated its earlier Health Risk Limit (HRL) for
PFOA in drinking water to 35 ng/L. This value is based on the USEPA Reference Dose of 20
ng/kg/day and exposure modeling for breast-fed and formula-fed infants. The Reference Dose
was derived by incorporation of an additional database uncertainty factor of 3, for potentially
more sensitive immunotoxic effects, into the USEPA PFOS Reference Dose which is based on
decreased offspring weight as described above.

Several other states use the USEPA (2016) Health Advisory of 70 ng/L for PFOA, PFOS, or the
total of both compounds as drinking water guidance or have adopted it as an enforceable
standard. Connecticut (2016) and Massachusetts (2018) use 70 ng/L as guidance for the total of
PFOA, PFOS, PFHpA, PFNA, and PFHxS.

ENVIRONMENTAL FATE, TRANSPORT., AND OCCURRENCE

Environmental Fate and Transport

Because of the extreme stability of their carbon—fluorine bonds, PFOA and other PFCs are
extremely resistant to degradation in the environment and thus persist indefinitely (Buck et al.,
2011; Lindstrom et al., 2011a). As discussed above, the production and use of PFOA and its
precursors has been phased out by major U.S. manufacturers. However, environmental
contamination and resulting human exposure to PFOA are anticipated to continue for the
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foreseeable future due to its environmental persistence, formation from precursor compounds, and
continued production by other manufacturers.

PFOA and other PFCs are found in many environmental media (e.g. drinking water, surface
water, groundwater, air, sludge, soils, sediments, outdoor and indoor dust, and ice caps) in
locations around the world including remote polar regions (Lau et al., 2007). PFCs are also
found in wildlife (fish, birds, mammals) including in remote polar regions. However, the
bioconcentration factor for PFOA is lower than for PFOS or longer chain perfluorocarboxylates
such as PFNA (Martin et al., 2003; Conder et al., 2008), and concentrations of PFOA in wildlife
in remote locations are generally lower than for these other compounds (Butt et al., 2010).

Two major pathways have been proposed for long-range transport of PFOA and other PFCs to
remote locations worldwide, including the Arctic (Figure 2; Lau et al., 2007, 2013; Butt et al.,
2010). The relative contributions of each of these pathways are not known. The first pathway
involves the atmospheric transport of volatile precursors such as 8:2 fluorotelomer alcohol (8:2
FTOH), followed by oxidation of the precursors to PFOA and other PFCs which are then
deposited onto the land or the water. The second pathway involves long-range aqueous transport
of emitted perfluorinated carboxylates such as PFOA in their anionic forms to remote locations
by currents on the ocean’s surface.
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Figure 2. Major transport pathways of PFCs to the Arctic (and other remote locations), by Annika Jahnke (Butt et
al., 2010)

Fate and Transport Relevant to Drinking Water Contamination
PFOA and some other PFCs are distinct from other persistent and bioaccumulative organic
compounds because of their importance as drinking water contaminants. PFOA exists

predominantly as an anion under environmental conditions, does not bind well to soil, migrates
readily from soil to groundwater, and is highly water-soluble (Davis et al., 2007). These
properties of PFOA differ from those of other persistent and bioaccumulative organic pollutants
such as polychlorinated dioxins and furans, PCBs, and pesticides like chlordane and DDT. These
other compounds are generally not significant as drinking water contaminants because they have
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high octanol/water partition coefficients. Thus, they have a high affinity for soil and sediments
but low water solubility (Post et al., 2011).

PFOA that is released to the environment can contaminate surface water and groundwater used
as sources of drinking water. Sources of PFOA in the environment include discharge to air and
water from industrial facilities where it is made or used (Davis et al., 2007); release of aqueous
firefighting foams, particularly at military sites, airports, and fire fighter training facilities
(Moody et al., 2003; Backe et al., 2013); disposal in landfills (Eggen et al., 2010); discharge
from wastewater treatment plants treating domestic and/or industrial waste (Sinclair and Kannan,
2006); street runoff (Murakami et al., 2009); storm water runoff (Kim and Kannan, 2007); land
application of biosolids (sludge) from wastewater treatment plants treating industrial waste
(Clarke and Smith, 2011; Lindstrom et al., 2011b; Sepulvado et al., 2011); land application of
wastewater from industrial sources (Konwick et al., 2008); and use of contaminated industrial
waste as a soil amendment (Skutlarek et al., 2006; Holzer et al., 2008).

Environmental transport pathways that can result in surface water and groundwater
contamination by PFOA after release from an industrial source are shown in Figure 3 (Davis et
al., 2007) and were reviewed by Lau et al. (2007) and Butt et al. (2010).

As is the case for other groundwater contaminants, PFOA can reach drinking water wells via the
well-established pathway of migration of a groundwater plume that has been contaminated either
directly from surface spills or by contaminated surface water mixing with groundwater drawn in
by pumping wells. Unlike many other environmental contaminants, PFOA can also reach
groundwater from air emissions from nearby industrial facilities, followed by deposition from air
onto soil, and migration through the soil to groundwater (Davis et al., 2007).

In West Virginia and Ohio, drinking water wells as far as 20 miles away were contaminated with
PFOA by releases from an industrial facility where it was used as a processing aid in
fluoropolymer production. Groundwater contamination occurred via soil deposition of PFOA
that had been emitted into the air followed by migration to groundwater, and, to some extent,
recharge of the groundwater aquifer with contaminated surface water from the Ohio River
(Steenland et al., 2009a; Shin et al., 2011). PFOA was detected in public water supply wells in
this vicinity at levels up to > 4000 ng/L (DuPont and URS Diamond Corporate Remediation
Group, 2008) and in private wells at up to >13,000 ng/L (Hoffman et al., 2011). In New Jersey,
PFOA was detected at up to 190 ng/L in shallow unconfined wells of a public water supply
located near an industrial source (Post et al., 2009a), and at > 40 ng/L, with a maximum above
400 ng/L, in 59 of 104 private wells within a radius of slightly more than 2 miles of this facility
(DuPont, 2009); contamination of the distant wells was likely due to air deposition (Post et al.,
2012).
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Figure 3. APFO (PFOA) transport near discharge source (Davis et al., 2007)

Formation from precursor compounds

An additional source of PFOA in the environment is the breakdown of precursor compounds
such as the fluorotelomer alcohol, 8:2 FTOH [F3(CF2);CH2 CH2OH], used industrially and in
consumer products (Butt et al., 2010; Buck et al., 2010; Butt et al., 2014).

8:2 FTOH [CF3(CF2);CH, CH,OH] — PFOA [CF3(CF,)sCOOH]

Larger molecules such as polyfluoroalkyl phosphoric acid diesters (diPAPs) (e.g. diPAPs 8:2;
Figure 4) are found in greaseproof food contact papers, wastewater treatment plant sludge, and
paper fibers from paper mills (D’eon et al., 2009). These larger molecules release 8:2 FTOH that
can degrade to PFOA.
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Figure 4. Structure of diPAPs 8:2

PFOA is formed from these precursor compounds through biodegradation in soil, sludge, and
wastewater (Sinclair and Kannan, 2006; Lee et al., 2010) as well as through chemical reactions
in the atmosphere (Figure 2). PFOA and other PFCs have been found at higher concentrations in
effluent than influent at wastewater treatment plants. This increase is believed to result from the
biodegradation of telomer alcohols and other precursors from domestic and industrial sources
within the wastewater treatment plant (Sinclair and Kannan, 2006; Lee and Mabury, 2011).
Fluoroacrylate polymers, used in commercial products, may also degrade in soil to release FTOH
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which can degrade to PFCs such as PFOA (Russell et al., 2008; Washington et al., 2009). Since
PFOA, once formed, does not degrade appreciably, environmental PFOA levels are increased by
conversion of even a small fraction of the precursors to the terminal breakdown product, PFOA.

Occurrence in drinking water

PFOA and other PFCs occur in raw and finished drinking water from both groundwater and
surface water sources in New Jersey, other parts of the United States, and nations around the
world (reviewed by Mak et al., 2009; Post et al., 2012; Post et al., 2013). PFOA and other PFCs
are found in drinking water impacted by discharges from industrial facilities, release of aqueous
firefighting foam, and other known sources of contamination, as well as where the source is
unknown (Post et al., 2012).

PFOA has been detected at high frequency in some river basins that are important sources of
drinking water. For example, it was detected (>1 ng/L) in 82.3% of samples from 80 locations
throughout the Cape Fear River (North Carolina) drainage basin, population 1.7 million, at a
median of 12.6 ng/L and a maximum of 287 ng/L (Nakayama et al., 2007). In the Upper
Mississippi River drainage basin in the Midwestern U.S., population 30 million, it was detected
(>1 ng/L) in 73% of 88 locations with a median of 2.07 ng/L and a maximum of 125 ng/L.
Elevated levels at certain sites were attributed to point sources in this study (Nakayama et al.,
2010). In the Tennessee River in Alabama, PFOA levels were 395+128 ng/L in samples from
the 35 river miles downstream of the site of discharge from a fluorochemical manufacturing
facility, with the highest levels (521-598 ng/L) in the 6 river miles furthest downstream (Hansen
et al., 2002). In Germany, PFOA and other PFCs in organic material applied to agricultural land
contaminated the Moehne and Ruhr Rivers, important sources of drinking water. PFOA was
detected at up to 33,900 ng/L in a creek near the site of contamination upstream of these rivers,
and at up to 519 ng/L in drinking water from the Moehne River (Skutlarek et al., 2006).

PFOA and other PFCs are not effectively removed from drinking water by standard treatment
processes such as coagulation/flocculation, sand filtration, sedimentation, medium-pressure
ozonation, chloramination, and chlorination. However, PFOA can be removed from drinking
water by granular activated carbon (GAC) or reverse osmosis (Rumsby et al., 2009, Bartell et al.,
2010a, Tagaki et al., 2011; Eschauzier et al., 2012; Appleman et al., 2014; DWQI, 2015b).
Therefore, unless specific treatment for removal of PFCs is in place, concentrations of PFOA and
other PFCs detected in raw drinking water can be considered to be representative of
concentrations in finished drinking water (Post et al., 2013).

Occurrence in New Jersey drinking water

Considerable information is available on the occurrence of PFOA and other PFCs in New Jersey
public water systems (PWS). This includes data from 53 PWS from two NJDEP occurrence
studies of PFCs, substantial additional data submitted to NJDEP by PWS and other parties, and
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data from the nationwide USEPA Unregulated Contaminant Monitoring Rule 3 (UCMR3)
survey. For the two NJDEP occurrence studies and most of the additional data submitted to
NJDEP, analysis of samples was performed by certified laboratories with Reporting Levels
(RLs) that were generally 4-5 ng/L or lower. It is believed that statewide drinking water studies
of PFOA with sensitive RLs such as these have not been conducted in states other than New
Jersey. In contrast, the RL for PFOA in USEPA UCMR3 is much higher (20 ng/L) than the RLs
in the other NJ PWS monitoring data.

NJDEP studies of occurrence in New Jersey public water systems

Following detection of PFOA in a New Jersey PWS at up to 190 ng/L in a groundwater source
and up to 64 ng/L in tap water, two statewide studies of the occurrence of PFOA and other PFCs
in drinking water were conducted by NJDEP. The 2006 study tested 23 PWS for PFOA and
PFOS, and the 2009-10 study tested 33 additional PWS for PFOA, PFOS, and eight other PFCs
(NJDEP, 2007b; NJDEP, 2014; Post et al., 2009a; Post et al., 2013).

The 2006 NJDEP study included 29 samples of raw and/or finished water from 23 NJ PWS
including 14 with groundwater sources, 8 with surface water sources, and one using both
groundwater and surface water. In the 4 PWS where both raw and finished water were analyzed,
PFOA concentrations were similar in both samples. Of the PWS in this study, PFOA was
detected in 15 of 23 systems (65%) at or above the RL (4 ng/L), and in 3 of 23 systems below the
RL. PFOA was detected above the RL (9 of 13) at up to 33 ng/L, or below the RL (1 of 13), in

10 of 13 groundwater samples (77%) from unconfined or semiconfined aquifers, but was not
detected in the two groundwater samples from confined aquifers. Additionally, PFOA was
detected above the RL (7 of 9; 78%) at up to 39 ng/L, or below the RL (2 of 9; 22%), in samples
from all 9 PWS using surface water sources. In this study, PFOS was detected (>4 ng/L) in 30%
of the PWS, less frequently than PFOA (NJDEP, 2007; Post et al., 2009a).

The 2009-2010 NJDEP study tested raw water from 30 PWS for PFOA, PFOS, and 8 other
PFCs. The sites for this study were chosen for geographic diversity, representing 19 of NJ’s 21
counties. The study included 18 PWS with groundwater sources (17 unconfined, one confined)
and 12 PWS with surface water sources. One or more PFC was detected (>5 ng/L) at 21 sites
(70%), with the number of individual compounds detected varying from one (in 8 samples) to a
maximum of 8 in one sample. PFOA was the most commonly detected PFC (17 of 30 samples;
57%), including 6 of 18 of groundwater samples (33%) and 11 of 12 of surface water samples
(92%). When PFOA was detected, other PFCs were often but not always found in the same
sample. PFOA was found at the highest maximum concentration of any of the PFCs analyzed in
the study, 100 ng/L. This highest detection was in a PWS intake from a river, and the likely
source was subsequently identified as discharge from an upstream facility that made and used
products containing PFOA and other PFCs (Post et al., 2013; NJDEP, 2014).
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NJDEP database of PFCs in New Jersey Public Water Systems

The NJDEP Division of Science, Research and Environmental Health maintains an internal
database of PFC results from NJ PWS including the two NJDEP occurrence studies, additional
raw and finished water data submitted to NJDEP by PWS and other parties, and detections from
UCMR3 data. As of January 2016, the database included 1035 samples (423 raw water, 549
finished water, and 63 distribution system) from 282 sampling locations in 80 PWS (including
72 PWS with data from NJDEP studies and/or submitted to NJDEP, and 8 additional PWS with
PFC detections in UCMR3). Of these samples, 374 were analyzed for only PFOA and PFOS,
and 661 were analyzed for a broader suite of PFCs.

PFOA was the most frequently detected PFC in NJ PWS. It was detected at some level in 65% of
72 PWS included in the NJDEP database (excluding UCMR3 data; Table 1). The highest
detection in finished water was 100 ng/L, and concentrations exceeding 40 ng/L were reported in
at least one finished water sample from 12 of 72 PWS (17%). It was also detected at >20 ng/L in
UCMR3 monitoring in finished water from six additional PWS that are not otherwise included in
the database, including two PWS that had levels above 40 ng/L.

Table 1. PFOA concentrations in raw or finished water from PWS
included in NJDEP database*

PFOA Concentration (ng/L) | Number of PWS % of PWS
ND** 25 35%
RL - <10** 15 21%
10 - <Q0** 10 14%
20 - <40 10 14%
>40) 12 17%

*Data shown are highest concentration found in raw or finished water from the
PWS. Levels in finished water from some water supplies included may be lower
because several raw water sources are blended in the treatment plant.

**Reporting levels (RLs) vary among samples and range from 2.5 - 20 ng/L.
Therefore, the percentage of PWS with RL-<10, and 10 - <20, may actually be
higher than shown.

Comparison of NJ occurrence to nationwide UCMRS3 data and studies from other nations

Data on PFOA in PWS in New Jersey and nationwide is available through the USEPA UCMR3.
Under UCMR3, nationwide monitoring of finished water for 30 unregulated contaminants,
including PFOA and 5 other PFCs, was conducted in 2013—2015 by all U.S. large PWS (serving
more than 10,000 people) and 800 representative smaller PWS (serving less than 10,000 people)
(USEPA, 2012b). UCMR3 data therefore provide useful information on occurrence of PFCs in
NJ in comparison to the rest of the United States. However, comparison of the UCMR3 PFC
data with other New Jersey PFC occurrence data is complicated by the fact that the UCMR3 RLs
for PFOA (20 ng/L) and other PFCs are much higher than the RLs for other PFC data in the
NJDEP database (generally <5 ng/L).
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UCMR3 monitoring in New Jersey includes all 165 large community PWS, 13 of about 435
small community PWS, and 8 of about 700 non-transient non-community water systems. A
comparison of national versus New Jersey PFC data from UCMR3 reported through January
2016 is shown in Table 2 (data obtained from USEPA, 2016f). PFOA was detected (> 20 ng/L)
in PWS at locations throughout the state, and was detected more than five times more frequently
in New Jersey PWS (10.53%) than nationally (1.93%). PFNA was also detected much more
frequently in NJ (2.34%) than nationally (0.22%). However, PFNA was detected only in the
vicinity of a likely industrial source located in Gloucester County (DWQI, 2015c¢) but not in
other parts of New Jersey. The occurrence of the other PFCs included in UCMR3 (PFHpA,
PFOS, PFHxS, PFBS) was similar or slightly higher in New Jersey compared to nationally.

Table 2. New Jersey versus national UCMR3 PFC occurrence data as of January 2016
Reporting New Jersey United States (other than NJ)
Level (RL) | Number | Number Percent | Number | Number Percent
Compound* (ng/L) of PWS | above RL | above RL | of PWS | above RL | above RL
PFOA 20 171 18 10.53 % 4617 89 1.93 %
PFNA 20 171 4 2.34 % 4617 10 0.22 %
PFHpA 10 171 5 2.92 % 4617 77 1.67 %
PFOS 40 171 5 2.92 % 4617 88 1.91 %
PFHxS 30 171 2 1.17 % 4617 52 1.13 %
PFBS 90 171 0 0% 4617 6 0.13 %

*PFHpA — perfluoroheptanoic acid (C7); PFBS — perfluorobutane sulfonate; PFHxS — perfluorohexane sulfonate.

The occurrence of PFCs in NJ PWS in the 2009-10 NJDEP study was also compared to similar
occurrence studies in other nations by Post et al. (2013). PFOA was detected more frequently
and at a higher maximum concentration in the 2009-10 New Jersey PWS study than in
comparable drinking water studies in France, Spain, and China which had RLs similar to the RL
in the NJ study.

Occurrence in NJ private wells

A statewide study of PFOA or other PFCs in New Jersey private wells has not been conducted.
PFOA was detected at >40 ng/L, with a maximum above 400 ng/L, in 59 of 104 private wells
within a radius of slightly more than 2 miles of a New Jersey industrial source (DuPont, 2009);
contamination of the distant wells was likely due to air deposition. More recently, PFOA has
been detected in private wells near another facility which used and discharged a mixture of PFCs
that consisted primarily of PFNA and also contained PFOA (DWQI, 2015¢).
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HUMAN BIOMONITORING

Human biomonitoring studies show that exposure to PFOA and/or its precursors is ubiquitous in
the U.S. and throughout the world. PFOA has a human half-life of several years and remains in
the body for a long period of time after exposure occurs. Data on blood serum concentrations
from the general population, communities with contaminated drinking water, and workers with
occupational exposure are summarized below. Consumption of contaminated drinking water
results in increased blood serum concentrations, while the highest blood serum concentrations
have been found in occupationally exposed workers. PFOA is detected in human breast milk,
amniotic fluid, and umbilical cord blood, demonstrating that exposure occurs during prenatal and
postnatal development, and it has also been detected in human seminal fluid.

Blood Serum

General population
PFOA and other PFCs are present in the serum of the general population in the United States and
in countries worldwide. This topic was recently comprehensively reviewed by Kato et al. (2015).

Data from archived serum samples from the United States and Norway indicate that human
exposure to PFOA has been ongoing for decades, and that exposure increased greatly in the
1980s in these two locations. Analysis of serum samples collected up to 56 years ago found that
the median level in serum from pregnant California women sampled in 1960-63 (n=40) was 0.27
ng/ml, approximately 10-fold lower than the median in serum from California women sampled in
1981-86 (n=30) and 2009 (n=35), which were 2.71 and 2.08 ng/ml, respectively (Wang et al.,
2011a). In pooled serum samples from Norwegian men (age 40-50) collected over a 29 year
period (1977-2006), PFOA levels gradually increased from 0.58 ng/ml in 1976 to 4.9 ng/ml in
2001, an 8-fold increase, followed by a yearly decline to 2.7 ng/ml in 2006. A similar temporal
pattern was seen in serum samples collected from Norwegian children and male and female
adults of other age groups between 1976 and 2007 (Haug et al., 2009).

The largest studies of the U.S. general population are from the National Health and Nutrition
Examination Survey (NHANES) conducted by the U.S. Centers for Disease Control and
Prevention (CDC) (Kato et al., 2011; CDC, 2015) and American Red Cross blood donors (Olsen
et al., 2012). PFOA is one of four PFCs (PFOA, PFOS, PFNA, and perfluorohexane sulfonate
[PFHxS]) that have been detected in the serum of greater than 99% of a representative sample of
the U.S. population, age 12 or older, in NHANES (Kato et al., 2011). PFOA and these other
PFCs are biologically persistent, with human half-lives of several years, as discussed in the
Toxicokinetics section below.

Data from six cycles of NHANES monitoring between 1999-2000 and 2011-12 show that serum
PFOA levels have decreased in the U.S. general population during this time period (Table 3). In
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the first NHANES (1999-2000), the geometric mean serum concentration was 5.21 ng/ml and the
95" percentile was 11.9 ng/ml, while the most recent NHANES (2011-12) found a geometric
mean and 95" percentile of 2.08 and 5.68 ng/ml, respectively. In the NHANES surveys, PFOA
concentrations were lower in those 12-19 years of age than in older individuals and were
somewhat higher in males than females. In data from the three ethnic groups that were analyzed
over time, levels were consistently lowest in Mexican Americans, intermediate in non-Hispanic
blacks, and highest in non-Hispanic whites (CDC, 2015).

Table 3. Serum PFOA concentration from NHANES
(ng/ml)
Geometric Percentile
Year Mean 50th | 75th | 90th | 95th | n
2011-12 2.08 2.08 | 3.03 | 4.35 | 5.68 | 1904
2009-10 3.07 3.20 | 4.60 | 6.00 | 7.50 | 2233
2007-08 4.12 430 | 590 | 790 |9.60 | 2100
2005-06 3.92 420 | 6.20 {9.00 | 11.3 | 2120
2003-04 3.95 4.10 | 5.80 | 7.80 | 9.80 | 2094
1999-2000 5.21 520 1690 [9.40 |11.9 | 1562
CDC, 2015

A similar pattern of decreasing serum PFOA concentrations over time was seen in three studies
of American Red Cross blood donors in 2000-2001, 2006, and 2010 (Olsen et al., 2012). Each
study included samples from 600-645 subjects from six locations throughout the U.S., with an
approximately equal number in each of five 10-year age categories (20-29 through 60-69 years
of age) from each location. Geometric means and 95" percentile concentrations, respectively,
were 4.7 and 12.0 ng/ml in 200-01, 3.44 and 7.9 ng/ml in 2006, and 2.44 and 6.6 ng/ml in 2010.
As in the NHANES studies, serum concentrations were generally higher in males than females.

Serum PFOA levels are generally comparable to those found in the U.S in developed countries
throughout the world, including Europe, Asia, and Australia (Post et al., 2012; Kato et al., 2015).
In contrast to industrialized nations where serum PFOA is almost universally detected, PFOA
was detected at > 0.5 ng/ml in only 12 of 55 serum samples from Afghan children and adults,
with a maximum of 1.5 ng/ml; relatively low serum levels have also been reported in other
developing countries where exposure to PFOA and other PFCs may be lower than in
industrialized nations (Hemat et al., 2010).

PFOA concentrations in pooled serum samples from children (age 3-11) in 2001-2002 NHANES
ranged from about 6-8 ng/ml, significantly higher than in pooled serum samples from adults in
this study (Kato et al., 2009). Median and maximum serum PFOA levels in 300 Texas children,
age <1 to 12 years, were 2.85 ng/ml and 13.50 ng/ml; adults were not included in this study. In
the Texas study, the median level did not differ between genders, and was lower in those less
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than 3 years of age than in the older age groups (Schecter et al., 2011). Exposures to infants and
young children are discussed in detail in the section on developmental exposures below.

Communities with drinking water exposures

Continued exposure to even relatively low concentrations of PFOA in drinking water
concentrations results in substantial increases in serum levels. The quantitative relationship
between drinking water exposure and human serum PFOA levels is discussed below.

A recent study (Hurley et al., 2016) found substantially increased serum PFOA levels in
individuals served by PWSs reporting detection of PFOA in UCMR3 monitoring. PFOA
detections were relatively low, ranging from 20 ng/L (the UCMR3 RL) to 53 ng/L, with a mean
of 28 ng/L. The study group consisted of middle aged and older California women (n=1,333;
70% between 60 and 79 years of age). Of this group, 4.5% resided in a zipcode where a PWS
reporting detection of PFOA in UCMR3 monitoring is located. The distribution of serum
concentrations differed significantly (p<0.0001) in those served by a PWS where PFOA was
detected (“exposed”) as compared to those served by a PWS without a detection (“unexposed”).
The median serum PFOA concentrations in the “exposed” group was 38% higher (3.46 ng/ml)
than in the “unexposed” group (2.51 ng/ml). The authors note that the contribution of drinking
water to serum PFOA is likely actually greater than observed in the study since some of those
classified as “exposed” may have received their drinking water from another point of entry (e.g.
treatment plant) within the PWS that detect PFOA. Additionally, the serum PFOA levels of
some participants classified as “not exposed” may have been increased by PFOA in drinking
water at concentrations below the UCMR3 RL of 20 ng/L.

Public water supply wells and private wells in several Ohio and West Virginia communities were
contaminated by PFOA emissions from an industrial facility. In Little Hoc