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SUBSTANCE: Perfluorooctanoic Acid (PFOA) 
 

CAS REGISTRY NUMBER: 335-67-1 
 

AMBIENT WATER QUALITY VALUE: 0.0067 mcg/L 
 

BASIS: Oncogenic Effects (6 NYCRR 702.4) 
 

INTRODUCTION 

 
 Perfluorooctanoic acid (PFOA, C8, or perfluorooctanoate) is an environmentally persistent 

anthropogenic chemical that is primarily used as a reactive intermediate in the production of PFOA salts, which 

are used as processing aids in the production of fluoropolymers and fluoroelastomers (HSDB, 2016; US EPA, 

2016a).  PFOA has also been used in fire-fighting foams, cosmetics, greases, lubricants, paints, polishes and 

adhesives, which contribute to its release into the environment through various waste streams (HSDB, 2016).  

PFOA is also released into the environment from fluoropolymer manufacturing or processing facilities, effluent 

releases from wastewater treatment plants, landfill leachates and from degradation/transformation of PFOA 

precursors (EC/HC, 2012). 

 

The toxicity of PFOA and its salts (e.g., ammonium perfluorooctanoate (APFO)2) has been reviewed 

and summarized by authoritative bodies (ATSDR, 2018; EC/HC, 2012; NJ DEP, 2007, 2019; NJ DWQI, 2017; 

NJ DEP, 2019; US EPA, 2005a, 2006, 2014, 2016a).  These summaries identify important studies on the health 

effects associated with exposure to PFOA and its salts, including studies on the chronic (oncogenic and 

nononcogenic), developmental, and reproductive effects observed in humans and animals (when available).  We 

derived the ambient water quality value of 0.0067 mcg/L for PFOA using available toxicological data and risk 

assessments, the definitions in 6 NYCRR 700.1, and the procedures outlined in 6 NYCRR 702.2 through 702.7. 

 
1  A list of commonly used abbreviations and acronyms is attached as Exhibit 4. 
2 Most of the toxicology studies have been conducted with APFO (CASRN: 3825-26-1), the ammonium salt of PFOA, which has a 

slightly higher molecular weight (431.1) than PFOA (414.07).  However, most of the toxicological literature and risk assessments 
consider the PFOA doses to be equivalent to the experimental APFO doses, which we will do herein. 
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702.3.  PROCEDURES FOR DERIVING STANDARDS AND GUIDANCE VALUES BASED ON 

SPECIFIC MCLS AND PRINCIPAL ORGANIC CONTAMINANT CLASSES 

 

PFOA has a Specific MCL of 0.01 mcg/L as defined in 6 NYCRR 700.1.  Thus, the potential ambient 

water quality value for PFOA under 6 NYCRR 702.3 is 0.01 mcg/L. 

 

702.4.  PROCEDURES FOR DERIVING STANDARDS AND GUIDANCE VALUES BASED ON 

ONCOGENIC EFFECTS 

 

There is limited information available on the oncogenic potential of PFOA in humans. The two key 

studies that show evidence of positive associations between PFOA serum levels and risks of kidney and 

testicular cancer in humans are of highly-exposed communities within the Ohio River Valley (Barry et al. 2013; 

Vieira et al., 2013).  IARC (2016) summarized these two studies (shown below), along with two other studies 

that evaluated PFOA exposure and the potential for increased cancer risk in occupationally exposed industrial 

workers (Steenland and Woskie, 2012; Raleigh et al., 2014). 

 

 

“5.2.1 Cancer of the testis 
The only informative results on risk of cancer of the testis were from two studies of cancer incidence in 
a high-exposure community setting in West Virginia and Ohio, USA; there was some overlap in the 
cases examined in these studies. Both publications, using different study designs (i.e. a cohort study of 
incidence and a population-registry case–control study), observed an increased risk of incidence of 
cancer of the testis.  In the highest quartile of exposure in both studies, the observed increase in risk 
was approximately threefold, with a significant trend in increasing risk with increasing exposure in the 
cohort study (no trend test was reported in the case–control study). The evidence for cancer of the testis 
was considered credible and unlikely to be explained by bias and confounding, however, the estimate 
was based on small numbers.” 
 
“5.2.2 Cancer of the kidney 
There were several publications that have examined PFOA and risk of cancer of the kidney.  Three of 
these were conducted in West Virginia, USA, and included occupational and community exposure, and 
the fourth was conducted in a different occupational setting. In the exposure–response analysis of 
workers in West Virginia, 8 of the 12 deaths from cancer of the kidney were seen in the highest quartile 
of exposure, with an elevated standardized mortality ratio and a significant trend in increasing risk with 
increasing exposure.  The other occupational cohort study reported no evidence for increased 
incidence.  A modestly increased risk of incidence of cancer of the kidney was seen in a community 
population with high exposure.  A study in a somewhat overlapping population also found elevated 
relative risks in the groups with high and very high exposure compared with the group with low 
exposure.  The evidence for cancer of the kidney was considered credible; however, chance, bias, and 
confounding could not be ruled out with reasonable confidence.” 
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Studies in laboratory animals provide additional evidence for the oncogenicity of PFOA.  In a two-year 

dietary study of Sprague-Dawley rats exposed to APFO (0, 1.3, or 14.2 mg/kg-day), statistically significant, 

dose-related increased incidences of Leydig cell tumors in males (also called testicular interstitial cell tumors) 

and mammary fibroadenomas in females were observed (Butenhoff et al., 2012).  In a single-dose two-year 

dietary study, APFO (13.6 mg/kg-day) induced Leydig cell tumors, liver adenomas, and pancreatic acinar cell 

tumors in male Sprague-Dawley rats (Biegel et al., 2001).  Based on the available evidence of oncogenicity in 

studies of humans and laboratory animals, IARC (2016) classifies PFOA as possibly carcinogenic to humans 

(Group 2B) and the US EPA (2016a) classifies PFOA as having suggestive evidence for carcinogenicity.    

 

  PFOA induces tumors at multiple sites in rats (i.e., liver, mammary gland, testicular Leydig cell, and 

pancreatic acinar cell tumors) and has oncogenic effects under 6 NYCRR 700.1(a)(39)(iii), based on induction 

of tumors in one mammalian species, reported in two independent studies.  The low background tumor rates 

observed at some tumor sites provides additional support for concluding that PFOA has oncogenic effects.  For 

example, the incidence of Leydig cell tumors in control male rats [in both the Biegel et al. (2001) and Butenhoff 

et al. (2012) studies] and pancreatic acinar cell tumors (Biegel et al., 2001) was 0%.   

 

Short-term in vitro assays of PFOA in bacteria and mammalian cells and in vivo studies of rats and mice 

showed mixed results, but overall, results indicate that PFOA is not mutagenic (EC/HC, 2012; IARC, 2016; US 

EPA, 2016a).  It has been hypothesized that PFOA may induce liver tumors via a nongenotoxic MOA involving 

activation of peroxisome proliferator-activated receptors (PPAR)3 (US EPA, 2005a, 2006, 2016a).  However, the 

specific MOA for the oncogenicity of PFOA is unknown4,5(NJ DWQI, 2017; NJ DEP, 2019; US EPA, 2006, 

2016a).  Therefore, under 6 NYCRR 702.4, “the standard or guidance value shall be based on the 95 percent 

lower confidence limit on the human dose corresponding to an excess lifetime cancer risk of one-in-one 

million.” 

 

 
3 PPAR-alpha is one of three members, along with PPAR-delta and PPAR-gamma, of the subfamily of PPARs. 
4 PFOA induces a “tumor triad” (i.e., liver, Leydig cell tumors, and pancreatic acinar cell tumors), which is characteristic of PPAR-
alpha agonists (US EPA, 2005a).  In its review of the US EPA’s “Draft Risk Assessment of Potential Human Health Effects 
Associated with Perfluorooctanoic Acid (PFOA) and Its Salts” (US EPA, 2005a), the majority of the Scientific Advisory Board 
(SAB) expert panel concluded that there is insufficient evidence to support a conclusion that PPAR-alpha is the sole MOA for liver 
tumors or to determine the carcinogenic MOA for Leydig cell tumors, pancreatic acinar cell tumors, and mammary gland tumors (US 
EPA, 2006). 

5 US EPA (2005b) guidance recommends the use of age-dependent adjustment factors (ADAFs) when assessing the cancer risks of 
chemicals that act through a mutagenic mode of action (MOA) for carcinogenicity.  Given that the oncogenic MOA for PFOA is 
unknown, and the available data do not suggest that PFOA acts through a mutagenic MOA, ADAFs were not used in the derivation of 
potential ambient water quality values for PFOA (oncogenic effects).   
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Human epidemiological studies (as described above) provide supporting evidence of the carcinogenicity 

of PFOA but are too limited for use in a quantitative dose-response assessment (NJ DWQI, 2017; NJ DEP, 

2019).  Cancer potency estimates based on dose-response assessment of data from human epidemiological 

studies are not available.  Three cancer potency estimates are available for PFOA that are based on linear low-

dose extrapolation (NJ DWQI, 2017; NJ DEP, 2019; US EPA, 2016; Tardiff et al., 2009)6, and from which 

human doses corresponding to one-in-one million excess lifetime cancer risks (at 95 percent lower confidence 

limits) can be calculated.7  All three cancer potency estimates are based on benchmark dose modeling of Leydig 

cell tumor incidence (Table 1) reported in the multiple-dose dietary study in male rats (Butenhoff et al., 2012; 

Sibinski, 1987).  The New Jersey Department of Environmental Protection (NJ DEP) (NJ DWQI, 2017; NJ 

DEP, 2019) and the US EPA (2016a) cancer potency estimates are based on administered dose PODs and Tardiff 

et al. (2009) used pharmacokinetic modeling to estimate an internal dose POD (i.e., estimated PFOA 

concentrations in blood plasma).   

 

The US EPA (2016a) calculated a CPF of 0.07 per mg/kg-day for PFOA and derived a water 

concentration at the one-in-one million excess lifetime cancer risk level of 0.457 mcg/L.  Using the Leydig cell 

tumor data in male rats (Table 1) from Butenhoff et al. (2012), the US EPA calculated a BMDL04 of 1.99 mg/kg-

day.  The US EPA used a default allometric scaling approach (i.e., BW3/4 scaling) (Table 2) to calculate an HED 

(0.58 mg/kg-day) and used linear extrapolation to calculate a human dose corresponding to a one-in-one million 

(lower 95% confidence limit) excess lifetime cancer risk (1.4 x 10-5 mg/kg-day).  These methods (including the 

use of the multistage cancer model and the default allometric scaling approach for interspecies extrapolation) 

are consistent with the procedures outlined in 6 NYCRR 702.4.  However, the water concentration at the one-in-

one million cancer risk level derived by the US EPA (2016a) assumes an 80-kg adult consumes 2.5 liters of 

water per day.  Using exposure factors that are consistent with NYCRR 702.2 and 702.4 (i.e., assuming a 70-kg 

adult consumes 2 liters of water per day) and the human dose at the one-in-one million cancer risk level 

estimated by the US EPA (1.4 x 10-5 mg/kg-day), we calculated a potential ambient water quality value 

(oncogenic effects) of 0.49 mcg/L based on the US EPA (2016a) cancer potency factor.  While use of default 

allometric scaling to calculate an HED is consistent with NYCRR 702.4, it should be noted that its use to derive 

a cancer potency value for PFOA is not a preferred interspecies extrapolation method as it does not adequately 

 
6 The cancer potency estimate and reference dose derived by NJ DEP (2019) is also documented in an earlier report from the NJ 
Drinking Water Quality Institute (i.e., NJ DWQI, 2017). 

7Health Canada (2018) evaluated the oncogenic effects of PFOA and derived a tolerable daily intake (or reference dose) based on the 
increased incidence of Leydig cell tumors in male rats.  However, under 6 NYCRR 702.4, the human equivalent dose for oncogenic 
effects shall be based on the use of linear low dose extrapolation when the oncogenic MOA of a chemical is not known.  Therefore, 
Health Canada’s tolerable daily intake was not further considered as a potential basis for an ambient water quality value for PFOA 
based on oncogenic effects. 
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adjust for the large pharmacokinetic differences in PFOA serum clearance between animals and humans, and as 

a result, could potentially underestimate cancer risks at the human equivalent oral dose.  Studies of oral PFOA 

exposure in experimental animals indicate serum half-lives of approximately 17 to 19 days in mice, 21 to 33 

days in cynomolgus monkeys, and 0.12 to 8.4 days (2.8 to 202 hours) in rats (Tardiff et al., 2009; US EPA, 

2005a, 2009).  Most studies that have evaluated PFOA clearance in humans longitudinally report human half-

lives within a range of 2 to 4 years (central tendency estimates) (Li et al., 2018; Health Canada, 2018; US EPA, 

2016a).  Therefore, a daily ingested dose in humans would result in a higher internal dose (at near steady-state) 

than the same daily ingested dose in experimental animals (NJ DWQI, 2017; NJ DEP, 2019).   

 

The NJ DEP (NJ DWQI, 2017; NJ DEP, 2019) derived a cancer-based drinking-water concentration 

(0.014 mcg/L) for PFOA based on a BMDL05 of 2.36 mg/kg-day, which is also based on Leydig cell tumors in 

male rats (Butenhoff et al., 2012).  Using the BMDL05, the NJ DEP calculated a CPF of 0.021 per mg/kg-day in 

rats and estimated the animal dose corresponding to a 95% LCL on a one-in-one million excess lifetime cancer 

risk (4.8 x 10-5 mg/kg-day).  The NJ DEP applied a chemical-specific pharmacokinetic adjustment factor (Table 

2) to calculate a human equivalent dose of 4 x 10-7 mg/kg-day (which corresponds to a human CPF of 2.5 per 

mg/kg-day).  The methods used in the NJ DEP’s derivation (including the choice of dose-response models, use 

of a chemical-specific approach for interspecies extrapolation, and the selected exposure assumptions) are 

consistent with the procedures outlined in 6 NYCRR 702.2 and 702.4.  Under 6 NYCRR 702.4, allometric 

scaling (i.e., BW3/4 scaling) is the primary method for calculating HEDs from cancer PODs in laboratory 

animals.  However, 6 NYCRR 702.4 also allows for use of alternative methods for calculating HEDs when 

“deemed more appropriate based on scientific evidence.”  Using an alternative (chemical-specific) method for 

extrapolating from an animal POD to an HED is more appropriate for PFOA given the large differences in 

serum clearance of PFOA between animals and humans.   

 

Tardiff et al. (2009) evaluated PFOA cancer data and calculated an internal dose POD based on the same 

Leydig cell tumor incidence data in rats (Table 1) as used by the US EPA (2016) and NJ DEP (NJ DWQI, 2017; 

NJ DEP, 2019) (initially reported in an unpublished industry report Sibinski (1987) and later published in 

Buttenhoff et al., 2012).  Tardiff et al. (2009) used an internal dose (i.e., PFOA plasma concentration) for 

determining PFOA’s cancer potency because PFOA blood concentrations are a more appropriate metric for 

evaluating systemic effects than administered (i.e., ingested) dose due to the large differences in the serum half-

lives of PFOA in animals and humans.   

 

Tardiff et al. (2009) calculated internal plasma PFOA concentrations in rats from administered PFOA 
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doses (0, 1.3, and 14.2 mg/kg-day) using a rat PBPK model (reported in Tan et al., 2008).  The authors then 

estimated, using the cancer multistage model, the 95% LCL on PFOA concentration in plasma associated with a 

10% tumor incidence rate in rats (i.e., a LBMIC10
8

 of 203 micrograms per milliliter (mcg/mL)).  We did not 

consider the use of alternate models because the multistage model adequately described the data within the 

range of observation.9  This approach is permitted under 6 NYCRR 702.4, and is consistent with the US EPA 

cancer risk-assessment guidance and practice giving preference (among models that adequately described the 

data) to the multistage model when modeling cancer bioassay data10 (Gehlhaus et al., 2011; US EPA, 2012a,b). 

 

In Tardiff et al. (2009), human equivalent doses were calculated from internal dose PODs in rats (i.e., 

PFOA plasma concentrations) using an unpublished human PBPK model (cited in Tardiff et al. (2009) as 

Clewell (2006)).  Generally, a multicompartment PBPK-based approach would be more preferred than a single 

compartment pharmacokinetic method for extrapolating between animals and humans.  However, given the 

absence of available documentation on the unpublished human PBPK model (Clewell, 2006) used to calculate 

the HED from plasma PFOA concentrations in animals in the Tardiff et al. (2009) analysis, we used a single-

compartment pharmacokinetic approach to calculate an HED from the LBMIC10.  Similar single-compartment 

pharmacokinetic approaches have been used by other authoritative bodies (US EPA, 2016a; NJ DWQI, 2017; 

NJ DEP, 2019) to address the large pharmacokinetic differences in PFOA serum clearance between animals and 

humans.  According to Tardiff et al. (2009), the following parameters were taken into consideration in the 

calculation of the human PBPK-based adjustment factor (0.127): “body weight, cardiac output, volume of renal 

filtrate, renal filtration rate, volume of distribution, half-life (3.5 years; Olsen et al., 2007), transport affinity, 

transfer rate constant, and free fraction in plasma.”  The human half-life of 3.5 years (geometric mean) is based 

on serum measurements in an occupational cohort followed over a 5 year period (Olsen et al., 2007), and is 

within the range of human half-lives reported in studies with longitudinal serum measurements of communities 

 
8 The 95% LCL of Bench-Mark Internal Concentration for a 10% response above background (Butenhoff et al., 2004; Tardiff et al., 

2009).  The LBMIC is a lower-bound benchmark dose (i.e., BMDL10) PFOA serum concentration and is analogous to an LED, 
which is the 95 percent lower confidence limit on the effective dose as described in 6 NYCRR 702.4. 

9 Tardiff et al. (2009) used goodness-of-fit as a criterion to determine the suitability of benchmark dose models for use in deriving the 
BMD, and BMDL. 

10 The US EPA (2012a) noted, "in the absence of a biologically based model, dose-response modeling is largely a curve-fitting 
exercise among the variety of available empirical models.  Currently there is no recommended hierarchy of models that would 
expedite model selection, in part because of the many different types of datasets and study designs affecting dose-response patterns.  
As more flexible models are developed, hierarchies for some categories of endpoints will likely be more feasible.  Some model 
hierarchies could be established as preferred practices.  For example, it is a current practice of US EPA’s IRIS program to prefer the 
multistage model for cancer dose-response modeling of cancer bioassay data (Gehlhaus et al., 2011).  The multistage model (in fact 
a family of different stage polynomial models) is sufficiently flexible for most cancer bioassay data, and its use provides consistency 
across cancer dose-response analyses.”  More specifically, to support using only the multistage model to determine the carcinogenic 
potency of tetrachloroethene, US EPA (2012b) noted, “The multistage model has been used by EPA in the majority of quantitative 
cancer assessments, initially because of its parallelism to the multistage carcinogenic process.  A benefit of the multistage model is 
its flexibility in fitting a broad array of dose-response patterns, including allowing linearity at low dose.” 
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environmentally exposed to PFOA (i.e., 2.3 years (Bartell et al., 2010), 2.7 years (Li et al., 2018), 3.26 years 

(Brede et al., 2010), and 3.9 years (Worley et al., 2017)).  In addition, authoritative bodies have based single-

compartment pharmacokinetic models for PFOA on human half-lives of 2.3 or 3.8 years (US EPA, 2016a; NJ 

DWQI, 2017; NJ DEP, 2019; ATSDR, 2018).  Thus, the half-life of 3.5 years from the Olsen et al. (2007) study 

is within the appropriate range for estimating human serum clearance of PFOA and support for use of this half-

life estimate is strengthened by the individual-level serum analysis and comparatively long follow-up period of 

about 5 years.  Using the same human half-life estimate (3.5 years) as was used to estimate the pharmacokinetic 

adjustment factor cited in Tardiff et al., 2009 (based on the Clewell (2006) human PBPK model), and the PFOA 

volume of distribution for humans from the US EPA (2016a), we calculated a serum clearance factor of 0.092 

mL/kg-day using the equation shown below.   

 

 

 

 

 

 

 

PKAF = estimated PFOA serum clearance (CL) in humans 

CL = Volume of distribution x (ln 2 ÷  human PFOA serum ½ life estimate)  

= 0.17 L/kg x (0.693 / 1277.5 days)  

= 9.2 x 10-5 L/kg-day (0.092 mL/kg-day) 

Where,  

Volume of distribution = 0.17 L/kg (US EPA, 2016a) 

ln 2 = 0.693  

PFOA serum half-life in humans = (3.5 years x 365 days/year = 1277.5 days) 

  

Using the PKAF calculated above, we estimated a human equivalent dose at the LBMIC10 (i.e., 

HEDLBMIC10) from Tardiff et al. (2009). 

 

HEDLBMIC10  =  LBMIC10  x  PKAF  x  PDAF 
where,   

LBMIC10  =  203 mcg/mLPLASMA 

PKAF  =  Pharmacokinetic Adjustment Factor  =  0.092 mL/kg-day 

PDAF  =  Pharmacodynamic Adjustment Factor  =  1 
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HEDLBMIC10  =  203 mcg/mLPLASMA  x  0.092 mL/kg-day  x  1 

HED LBMIC10  =  19 mcg/kg-day 
 

We divided the HEDLBMIC10 by 100,000 to obtain the human dose (1.9 x 10-4 mcg/kg-day) corresponding 

to the 95% LCL on the dose associated with an excess lifetime human cancer risk of one-in-one-million.11  

Then, using methods consistent with 6 NYCRR 702.2 and 702.4, we calculated the PFOA water concentration 

(0.0067 mcg/L, two significant figures) associated with an excess lifetime cancer risk of one-in-one million 

using the risk-specific (1 x 10-6) dose (1.9 x 10-4 mcg/kg-day) and assuming a 70-kg adult consumes 2 liters of 

water per day over a lifetime exposure period of 70 years.  

 

 

Risk-Specific (1 x 10-6) Water 
Concentration = 

Risk Specific (1 x 10ି)Dose x Body Weight

Drinking Water Consumption Rate
 

 

1 x 10-6 Water Concentration = 1.9 x 10-4 mcg/kg-day x 70 kg 
   2 L/day 

1 x 10-6 Water Concentration = 0.0067 mcg/L 
 

 The water concentration of 0.0067 mcg/L is selected as the potential ambient water quality guidance 

value (oncogenic effects) for PFOA as it is more stringent than values based on the NJ DEP and US EPA 

derivations (0.014 mcg/L and 0.49 mcg/L, respectively), as well as the potential ambient water quality value 

(0.0091 mcg/L) based on the use of the LBMIC10 and the pharmacokinetic adjustment factor (based on Clewell 

(2006) reported in Tardiff et al. (2009)).  Selection of the ambient water quality value of 0.0067 mcg/L is also 

strengthened by use of a PBPK model to estimate plasma PFOA concentrations in rats from applied doses for 

use in estimating a POD (Tardiff et al., 2009).   Moreover, use of a chemical-specific approach for extrapolating 

from animals to humans, as was used in this derivation, is preferred (i.e., “deemed more appropriate”) under 6 

NYCRR 702.4 than use of allometric scaling (i.e., BW3/4 scaling) given the large pharmacokinetic differences 

between animals and humans.   

 

702.5.  PROCEDURES FOR DERIVING STANDARDS AND GUIDANCE VALUES BASED ON 

 
11 A dose at any lifetime excess cancer risk can be obtained from the straight line that extrapolates 10% excess lifetime cancer risk at 
the HEDLBMIC10 to zero excess risk at zero dose. For example, a one-in-one-million excess lifetime risk (equal to 0.000001) is 100,000-
fold lower than an excess lifetime risk of 10% (equal to 0.1). Therefore, the dose at a one-in-one-million excess lifetime risk is 
obtained by dividing the dose at a 10% excess risk by 100,000 (equal to 0.1/0.000001). 
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 NONONCOGENIC EFFECTS 

 

 Studies of human exposure to PFOA have reported positive associations between PFOA serum levels 

and nononcogenic health effects (e.g., kidney effects, ulcerative colitis, thyroid effects, and pregnancy-induced 

hypertension) among workers and/or community residents in the Ohio River valley (C8 SP, 2017; Darrow et al., 

2013; Steenland et al., 2012, 2013; Winquist, Steenland, 2014).  Numerous additional epidemiology studies of 

PFOA exposure in the general population and/or other worker cohorts have been conducted (ATSDR, 2018; US 

EPA, 2016a).  However, these studies in humans do not have adequate quantitative information on the dose and 

duration of human exposures that correspond to human serum PFOA levels (US EPA, 2016a), and therefore are 

generally not used for quantitative risk assessment. 

 

Using health effects information from animal studies, the US EPA (2016a,b), the Minnesota Department 

of Health (MDH, 2018) and the NJDEP (NJ DWQI, 2017; NJ DEP, 2019) derived reference doses (RfDs) and 

health-based values for PFOA in drinking water.  Each of these agencies used nononcogenic points of departure 

based on internal doses (i.e., serum concentrations of PFOA) to address differences in PFOA half-life between 

animals and humans (Table 3).  

 

The US EPA (2016a,b) based its RfD on developmental toxicity (reduced ossification at birth and 

accelerated time to puberty) in the offspring of mice exposed to APFO during days 1 to 17 of gestation (Lau et 

al., 2006; see Exhibit 1).  The US EPA converted the LOEL of 1 mg/kg-day to a serum PFOA level (38 mg/L) 

using the rodent pharmacokinetic model of Wambaugh et al. (2013), and then used a human one-compartment 

pharmacokinetic model to obtain the corresponding human point of departure (LOELHED = 0.0053 mg/kg-

day).12  Application of a total uncertainty factor of 300 (10X each for intraspecies differences and use of a 

LOEL, and 3X for interspecies differences in pharmacodynamics) yielded the RfD of 2.0 x 10-5 mg/kg-day. 

 

The MDH (2018) derived a numerically identical RfD (2 x 10-5 mg/kg-day) for PFOA using the same 

toxicological endpoint and human point of departure (see Exhibit 2). Their total uncertainty factor was the same 

as the US EPA’s (300X), but the MDH applied a lower uncertainty factor for use of a LOEL (3X instead of 

10X), and added an uncertainty factor for database incompleteness (3X).   

  

The NJ DEP (NJ DWQI, 2017; NJ DEP, 2019) derived an RfD (2 x 10-6 mg/kg-day) based on liver 

 
12 Human equivalent dose (HEDLOEL) = PFOA serum concentration x PFOA clearance = 38 mg/L x 0.00014 L/kg-day = 0.0053 

mg/kg/day.  PFOA clearance = (ln2/PFOA half-life) x volume of distribution = (0.693/839.5 days) x 0.17 L/kg = 0.00014 L/kg-day. 
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toxicity (increased relative liver weights) in adult mice exposed to AFPO for 14 days (Loveless et al., 2006; see 

Exhibit 3).  The measured PFOA serum levels at each dose were used to obtain the lower bound on the modeled 

serum level for a 10% response (4.35 mg/L, corresponding to an approximate administered dose of 0.13 mg/kg-

day), which was used as the point of departure.  The NJ DEP applied a total uncertainty factor of 300 (10X each 

for intraspecies differences and database incompleteness; 3X for interspecies pharmacodynamic differences).  

The NJ DEP then converted the reference PFOA serum level (0.0145 mg/L) to the RfD using the same PFOA 

human one-compartment pharmacokinetic model used by the US EPA (2016).13 

 

 In addition to the assessments from authoritative bodies, we considered other published studies on the 

health effects of PFOA in animals, and consequently identified a study reporting increased liver weights in the 

offspring of mice exposed to PFOA during pregnancy (Macon et al., 2011) as an appropriate basis of a potential 

ambient water quality value for PFOA (nononcogenic effects).  The primary considerations in choosing a POD 

based on this study and toxicological endpoint were:   

 

 Liver toxicity is a well-established and sensitive toxicological endpoint for PFOA in adult and 

developing animals. 

 The LOEL in the study that caused liver effects (0.3 mg/kg-day) is lower than the LOEL that caused 

developmental toxicity (1 mg/kg-day) in the study used by the US EPA and the MDH. 

 Increased liver weights can progress into indicators of liver damage such as histopathological changes 

and cellular necrosis as the magnitude and duration of PFOA exposure increases.  

 The study observed effects in animals at early life stages, which represent a potentially vulnerable 

window for PFOA toxicity in humans. 

 The study measured PFOA serum levels in young animals at the time the effects were observed. This is 

preferred over the Lau et al. (2006) study, which did not measure serum levels in the offspring that had 

the developmental effects.  

 

Using methods consistent with 6 NYCRR 702.5, we derived an RfD of 1.5 x 10-6 mg/kg-day (0.0015 

mcg/kg-day) for PFOA.  We calculated the POD (an HEDLOEL of 0.00046 mg/kg-day) from the measured rodent 

serum PFOA level of 4.98 mg/L at the LOEL using the same human one-compartment model as we used above 

in the derivation of a CPF from the Tardiff et al. (2009) study.14  We applied a total UF of 300 (3X for use of a 

 
13 Clearance factor is from US EPA (2016).  Reference dose = PFOA serum concentration x PFOA clearance = 0.0145 mg/L x 0.00014 

L/kg-day = 2 x 10-6 mg/kg-day. 
14 Human equivalent dose (HEDLOEL) = PFOA serum concentration x PFOA clearance = 4.98 mg/L x 0.000092 L/kg-day = 0.00046 

mg/kg/day.  PFOA clearance = (ln2/PFOA half-life) x volume of distribution = (0.693/1277.5 days) x 0.17 L/kg = 0.000092 L/kg-
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LOEL for mild effects on the liver, 3X for interspecies differences in pharmacodynamics, 10X for inter-human 

variability, and 3X for database deficiencies) to the HEDLOEL to obtain the RfD.  The uncertainty factor for 

database deficiencies is intended to account for limited evidence for effects on the liver and on mammary gland 

development at PFOA exposures lower than 0.3 mg/kg-day (Macon et al., 2011; Tucker et al., 2015; Quist et al., 

2015).  The choice of a total UF of 300 is consistent with 6 NYCRR 702.5 given the areas of uncertainty and 

variation.  

 

 

 

 

 

 

 

RfD = HEDLOEL / UF 

 

UF  =  

300 (interspecies differences, pharmacodynamics (3X), 

inter-human variability (10X), use of a LOEL (3X); 

database incompleteness (3X)) 

 

RfD  =  0.00046 mg/kg-day  /  300 

RfD  =  1.5 x 10-6 mg/kg-day or 0.0015 mcg/kg-day 

 

We used this RfD (0.0015 mcg/kg-day) for the derivation of a potential ambient water quality value 

(nononcogenic effects) for PFOA.  We applied the procedure outlined in 6 NYCRR 702.2 and 702.5 to derive a 

potential ambient water quality value (0.011 mcg/L, rounded to two significant figures) using the selected RfD, 

allocating 20% (0.2) of the RfD to drinking water, and assuming an adult body weight of 70 kilograms and a 

drinking-water consumption rate of 2 liters per day. 

 

    

Potential Ambient Water 
Quality Value 

= 
0.0015 mcg/kg-day x 70 kg x 0.2 

2 L/day 
 = 0.011 mcg/L 

 

 
day.   
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The use of age-specific drinking-water consumption rates in the derivation to address the potential for 

children to be more sensitive than adults to the nononcogenic effects of PFOA was considered, but was not used 

because the weight of scientific evidence is insufficient to conclude that exposure to PFOA during childhood 

poses a greater risk of nononcogenic effects than exposure during adulthood (ATSDR, 2018; NJ DEP, 2007; 

Steenland et al., 2010; Tardiff et al., 2009).  In addition, for the toxicological endpoint on which the ambient 

water quality value (nononcogenic effects) is based (increased liver weights), effects were observed at the same 

PFOA exposure level (0.3 mg/kg-day) in adult mice (Loveless et al., 2006) and in mice exposed gestationally 

(Macon et al., 2011). 

 

 

 

 

 

702.7.  PROCEDURE FOR DERIVING STANDARDS AND GUIDANCE VALUES BASED ON 

 CHEMICAL CORRELATION 

 

Chemical-specific toxicological data are sufficient to derive potential ambient water quality values for 

PFOA based on both its oncogenic (6 NYCRR 702.4) and nononcogenic effects (6 NYCRR 702.5).  Thus, 

values based on oncogenic or nononcogenic effects using chemical correlation are unnecessary. 

 

SELECTION OF VALUE 

 

According to 6 NYCRR 702.2(b), the ambient water quality value [Health (Water Source)] shall be the 

most stringent of the potential values derived using the procedures found in 6 NYCRR 702.3 through 702.7. 

Using procedures from 6 NYCRR 702.4 and 702.5, respectively, we derived potential ambient water quality 

values of 0.0067 mcg/L (oncogenic effects) and 0.011 mcg/L (nononcogenic effects) for PFOA.  The most 

stringent of the potential values is 0.0067 mcg/L (6 NYCRR 702.4, Oncogenic Effects) and thus, this value is 

selected as the ambient water quality value [Health (Water Source)] for PFOA. 
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SEARCH STRATEGY 

 

  We reviewed publications by various state, federal, or international public health agencies (listed in fact 

sheet references) and identified important papers from the list of references within each document.  Before and 

on April 10, 2019, we also searched the biomedical literature using PubMed (U.S. National Library of 

Medicine) and the search term “PFOA and toxicity”.   

 

Bureau of Toxic Substance Assessment 
New York State Department of Health 
August 2019  
 

EXHIBITS 
 
Exhibit 1.  US EPA (2016) Reference Dose Derivation and Lifetime Drinking Water Health Advisory for 

Perfluorooctanoic Acid. 
Exhibit 2.  MDH (2018) Derivation of Reference Dose and Health-Based Water Value Concentration for 

Perfluorooctanoic Acid. 
Exhibit 3.  NJ DWQI (2017) Health-based MCL for Perfluorooctanoic Acid 
Exhibit 4.  List of Abbreviations and Acronyms Frequently Used in New York State Human Health Fact Sheets. 
 

 

 
Table 1.  Exposure Response Data for Testicular Tumors in Male Sprague Dawley Rats.a 

 

PFOA Administered Dose (mg/kg/day) 0 1.3 14.2 

Testicular Tumor (Leydig cell adenoma) Incidence 0/49 2/50 7/50b 
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aTumor incidence data come from Table 8 of the Butenhoff et al. (2012) study and from 
Table 5 of Tardiff et al. (2009).   

bStatistically significant (p ≤ 0.05) compared to controls. 
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Table 2.  Authoritative Body Cancer Potency Estimates for PFOA. 
 

Agency 
Risk-Specific 

Dosea 

(mg/kg-day) 

Cancer Potency 
Factor 

(mg/kg-day)-1 

Extrapolation Methods 

Summary High to Low 
Dose 

Animal to 
Human 

NYS 
(derived 

under  
6 NYCRR 

702.4) 

1.9 x 10-7 5.3 

linearized 
multistage 
model with 

linear 
extrapolation 
from the point 
of departure 

single-
compartment 
human PBPK 

model 

Based on Leydig cell tumors in 
male rats exposed to APFO via the 

diet for two-years.  Tardiff et al. 
(2009) used PBPK model to 

estimate area under the curve PFOA 
serum concentrations in male rats 

from administered doses. 

US EPA 
(2016a) 

1.4 x 10-5 0.07 

multistage 
model with 

linear 
extrapolation 
from the point 
of departure 

BW3/4 b 

Based on Leydig cell tumors in 
male rats exposed to APFO via the 
diet for two-years.  The CPF was 
derived from a BMDL04 of 1.99 

mg/kg-day.    

NJ DWQI 
(2017) 

4 x 10-7  2.5 

dose-response 
models with 

linear 
extrapolation 
from the point 
of departure 

chemical 
specific PK 
adjustment 

factor of 120 

Based on Leydig cell tumors in 
male rats exposed to APFO via the 

diet for two-years. The CPF is based 
on the average of two BMDL05 
values (2.36 mg/kg-day) and a 

chemical specific pharmacokinetic 
(PK) factor of 120 based on the 

ratio between the estimated serum 
half-lives in humans and male rats 

[i.e., human serum ½ life (840 days) 
÷ serum ½ life in rats (7 days) = 

120]. 

Health 
Canada 
(2018)  

-- -- 
uncertainty 

factors  

chemical-
specific UF of 
17 (pharmaco-

kinetics)c 

Based on Leydig cell tumors in 
male rats exposed to APFO via the 

diet for two-years.  Using a 
noncancer threshold approach, 

Health Canada calculated a TDI of 
0.003 mg/kg-day for 

carcinogenicity based on weight of 
evidence that “suggests that PFOA 

is a non-mutagenic compound.” 
The TDI is based on a NOEL of 

1.3 mg/kg-day and a total UF of 25 
(2.5 for interspecies 

pharmacodynamics and an 
intraspecies UF of 10. 

aThe dose associated with an excess lifetime cancer risk of one-in-one million (i.e., 1 x 10-6 dose), where,  
1 x 10-6 dose = 1 x 10-6/cancer potency factor. 

b Factor for dose adjustment from animals to humans is (male rat body weight/human body weight)1/4. 
cHealth Canada (2018) calculated a chemical specific pharmacokinetic adjustment factor of 17 based on 
differences in PBPK modeled steady-state plasma PFOA predictions at 1 mg/kg-day between humans and 
rats [i.e., chemical specific UF = human steady state PFOA plasma level (1493 micrograms per milliliter 
(mcg/mL)) ÷ estimated rat steady state PFOA plasma level (89.5 mcg/mL) = 17].    
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Table 3.  Reference Doses for PFOA Derived by Authoritative Bodies. 

Agencya 
Reference 

Doseb 
(mg/kg-day) 

Point of Departure 
UF Summary Dose or Blood 

Concentration 
Basis 

US EPAc 
(2016) 

2.0 x 10-5 

38 mg/L in blood 
serum (mice); 

HEDLOEL = 0.0053 
mg/kg-day 

serum 
LOEL   

300 

Based on reduced ossification and accelerated male puberty in mice exposed on 
gestational days 1 to 17. Total UF of 300 to account for interspecies differences in 
pharmacodynamics (3), use of a LOEL (10) and intraspecies (human) variability (10). 
See Exhibit 1. 

MDH 
(2018) 

2.0 x 10-5 

38 mg/L in blood 
serum (mice); 

HEDLOEL = 0.0053 
mg/kg-day 

serum 
LOEL 

300 

Based on reduced ossification and accelerated male puberty in mice exposed on 
gestational days 1 to 17. Total UF of 300 to account for interspecies differences in 
pharmacodynamics (3), use of a LOEL (3), intraspecies (human) variability (10), and 
database inadequacies (3). See Exhibit 2. 

NJ DWQI 
(2017) 

2.0 x 10-6 

4.35 mg/L in blood 
serum (mice), 
approximately 
equivalent to 

0.00061 mg/kg-day 

serum 
BMSL10 

300 
 Based on increased relative liver weights in mice exposed for 14 days.  Total UF of 300 to 
account for interspecies differences in pharmacodynamics (3), intraspecies (human) 
variability (10), and database inadequacies (10).  See Exhibit 3. 

aThe European Food Safety Authority Panel on Contaminants in the Food Chain (EFSA CONTAM) derived a tolerable weekly intake of 6 ng/kg-week for PFOA 
(equivalent to 0.9 ng/kg-day) based on increased total serum cholesterol in human epidemiological studies as part of a scientific opinion on the risks of PFOA in 
food. There is no clear consensus among health agencies on whether cross-sectional studies such as those used by EFSA CONTAM in a weight of evidence 
approach provide sufficient evidence to establish causality, and whether the study limitations preclude their use for quantitative risk assessment (NJ DWQI, 
2017; ATSDR 2018).  Limitations in the approach used by EFSA included use of data packaged in quantiles rather than raw data points for benchmark dose 
modeling, and no adjustments for co-exposures to other perfluoroalkyl compounds. Based on these considerations, the EFSA derivation was not considered 
further as a basis for a potential ambient water quality value.   

bAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and minimal risk level.  
cSeveral agencies, including the Alaska Department of Environmental Conservation (2018), Connecticut State Department of Public Health (2016), Maine Center 

for Disease Control and Prevention (2017), Massachusetts Department of Environmental Protection (2018), Michigan Department of Environmental Quality 
(2018), and the Vermont Department of Health use the US EPA reference dose and/or lifetime health advisory to define a health-based guidance value for PFOA 
in drinking water.  

 



EXHIBIT 1.  PERFLUOROOCTANOIC ACID (PFOA) 
  

 
Page 21 of 45 

 
US EPA (2016) REFERENCE DOSE DERIVATION AND  

LIFETIME DRINKING WATER HEALTH ADVISORY FOR PERFLUOROOCTANOIC ACID. 
 
Source: US EPA (U.S. Environmental Protection Agency).  2016.  Drinking Water Health Advisory for 
Perfluorooctanoic Acid (PFOA). Office of Water.  EPA 822-R-16-005.  Last accessed (03/21/2019) at 
https://www.epa.gov/ground-water-and-drinking-water/supporting-documents-drinking-water-health-
advisories-pfoa-and-pfos. 
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MDH (2018) DERIVATION OF REFERENCE DOSE AND  
HEALTH-BASED WATER VALUE FOR PERFLUOROOCTANOIC ACID 

 
Source: MDH (Minnesota Department of Health).  2018.  Health Based Guidance for Water.  Health Risk 
Assessment Unit, Environmental Health Division.  Last accessed (03/25/2019) at 
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/pfoa.pdf
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NJ DWQI (2017) HEALTH-BASED MCL FOR PERFLUOROOCTANOIC ACID 
 
Source: NJ DWQI (New Jersey Drinking Water Quality Institute).  2017.  Health-Based Maximum 
Contaminant Level Support Document: Perfluorooctanoic Acid (PFOA).  Health Effects Subcommittee.  Last 
accessed (03/21/2019) at https://www.nj.gov/dep/watersupply/pdf/pfoa-appendixa.pdf. 
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List of Abbreviations and Acronyms Frequently Used in New York State Human Health Fact Sheets. 
 
 

1 x 10-6 one-in-one million 
ACPF adjusted cancer potency factor 
ADAF age-dependent adjustment factor 
ADI acceptable daily intake 
adj adjusted 
AIC Akaike information criterion 
ATSDR Agency for Toxic Substance and Disease Registry 
AUC area under the curve 
AWQGV ambient water quality guidance value 
BMC benchmark concentration 
BMCL benchmark concentration, lower 95% confidence limit 
BMD benchmark dose 
BMDL benchmark dose, lower 95% confidence limit 
BMDL10 BMDL, 10% BMR 
BMDL50 BMDL, 50% BMR 
BMDL1SD BMDL, BMR of one standard deviation 
BMDLADJ BMDL, adjusted to continuous exposure 
BMR benchmark response 
BW body weight 
BW2/3 body-weight raised to the 2/3 power scaling 
BW3/4 body-weight raised to the 3/4 power scaling 
CA EPA California Environmental Protection Agency 
CASRN  Chemical Abstracts Service Registry Number  
CDC Centers for Disease Control and Prevention 
CI confidence interval  
CL confidence limit 
CNS central nervous system 
CPF cancer potency factor 
DAF dosimetric adjustment factor 
DNA deoxyribonucleic acid 
DWCR drinking water consumption rate 
EFSA European Food Safety Authority 
F1 first filial generation (in experimental animals) 
F2 second filial generation (in experimental animals) 
FAO Food and Agriculture Organization of the United Nations 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
g gram 
GD gestation day 
HC Health Canada 
HEC human equivalent concentration 
HED human equivalent dose 
HEDBMDL10 human equivalent dose at the BMDL10 

HEDLOEL human equivalent dose at the LOEL 
HEDNOEL human equivalent dose at the NOEL 
HI hazard index 
hr hour 
HSDB Hazardous Substance Data Bank 



EXHIBIT 1.  PERFLUOROOCTANOIC ACID (PFOA) 
 

 
Page 44 of 45 

IARC International Agency for Research on Cancer 
IRIS Integrated Risk Information System, US EPA 
kg kilogram 
L liter 
L/day liters per day 
L/kg liters per kilogram 
L/kg-day liters per kilogram day 
LADC lifetime average daily concentration 
LADD lifetime average daily dose 
LCL lower confidence limit 
LED  lower bound on effective dose 
LEL lowest-effect level  
LOAEL lowest-observed-adverse-effect level 
LOEL lowest-observed-effect level 
mcg microgram 
mcg/m3 micrograms per cubic meter 
mcg/kg-day  micrograms per kilogram body weight per day 
mcg/L micrograms per liter 
MCL maximum contaminant level 
MCLG maximum contaminant level goal 
MDPH Massachusetts Department of Public Health 
mg milligram 
mg/kg milligrams per kilogram 
mg/L milligrams per liter 
mg/hr milligrams per hour 
mg-hr/L milligrams-hour per liter 
mg/kg-day  milligrams per kilogram body weight per day 
mg/kg/day milligrams per kilogram body weight per day 
mg/m3 milligrams per cubic meter 
MLE maximum likelihood estimate 
MOA mode-of-action 
MRL minimal risk level 
MTD maximum tolerated dose 
NAS National Academy of Sciences 
NHANES National Health and Nutrition Examination Survey 
ng nanogram 
ng/L nanograms per liter 
NOAEL no-observed-adverse-effect level  
NOEL no-observed-effect level 
NRC  National Research Council 
NTP National Toxicology Program 
NYS New York State 
NYS DEC New York State Department of Environmental Conservation 
NYS DOH New York State Department of Health 
NYCRR New York Code of Rules and Regulations 
OPP Office of Pesticide Programs, US EPA 
P (value) probability value 
PBPK  physiologically-based pharmacokinetic 
PDAF pharmacodynamic adjustment factor 
pg picogram 
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pg/L picograms per liter 
PKAF pharmacokinetic adjustment factor 
POC principal organic contaminant 
POD point-of-departure 
ppb parts per billion 
ppm parts per million 
ppt parts per trillion 
RfC reference concentration  
RfD  reference dose  
RPF relative potency factor 
RR  relative risk 
RSC  relative source contribution 
SAB  EPA Science Advisory Board 
SD standard deviation 
TDI tolerable daily intake 
TEF toxic equivalency factor 
TEQ toxicity equivalent 
TW time-weighted 
TWA time-weighted-average 
UCL upper confidence limit 
UCMR Unregulated Contaminant Monitoring Rule, US EPA 
UF uncertainty factor 
UOC unspecified organic contaminant 
UR unit risk 
U.S. United States 
US EPA United States Environmental Protection Agency 
WBC white blood cell 
WCAF water consumption adjustment factor 
WHO World Health Organization 
wk week 
 

 


