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Executive Summary 

The interagency Toxics in Biota Committee (TIBC) requested that the Risk Subcommittee 

determine fish consumption triggers for perfluoroundecanoic acid (PFUnDA; CAS # 2058-94-8) 

because this contaminant is highly bioaccumulative in fish and has been detected at high levels 

in recreationally caught fish in New Jersey.  A literature search was performed for relevant peer 

reviewed publications, and risk assessments from other states were identified. PFUnDA is found 

in the blood serum and breast milk of the general population, and it has a long human half-life, 

estimated as 12 years.  It has also been detected in human umbilical cord blood and fetal organs.  

In several studies, fish consumption has been associated with increased blood serum levels of 

PFUnDA.   

Like other per- and polyfluoroalkyl substances (PFAS), PFUnDA causes hepatic and 

developmental toxicity in laboratory animals.  The critical endpoint selected as the basis for the 

Reference Dose (RfD) was increased relative liver weight in male rats exposed to 0.3 mg/kg/day 

PFUnDA for 42 days (Takahashi et al., 2014); the NOAEL for this effect was 0.1 mg/kg/day.  

Histopathological changes indicative of liver damage and increased blood serum levels of liver 

enzymes at a higher dose (1.0 mg/kg/day) indicate that the hepatic effects of PFUnDA are 

adverse, and mode of action (MOA) evaluation indicates that they are relevant to humans.  

PFUnDA also caused decreased body weight in offspring of maternally-exposed dams on 

postnatal day (PND) 0 and PND 4 at 1.0 mg/kg/day in this study.    

Other toxicological studies reported toxicity to testicular Leydig cells in male rats and pancreatic 

effects related to the onset of diabetes in female mice from a strain susceptible to diabetes at 

doses lower than the LOAEL for increased relative liver weight in male rats.  While these effects 

were not appropriate as the primary basis for the RfD, they indicate the potential for PFUnDA to 

cause toxicology effects that are more sensitive than increased relative liver weight. 
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To develop the RfD, Benchmark Dose modeling was performed on the dose-response data for 

increased relative liver weight in male rats, and a BMDL (lower confidence level on the 

Benchmark Dose for a 10% change) of 0.19 mg/kg/day was identified.  An interspecies 

dosimetric adjustment factor based on the ratio of half-lives of PFUnDA in humans and rats is 

needed to account for the much slower excretion of PFUnDA in humans than in rats to convert 

the BMDL to a Human Equivalent Dose (HED).  Because the half-life for PFUnDA in rats has 

not been reported, a half-life of 30 days in male rats was estimated from available toxicokinetic 

data. A dosimetric adjustment factor of 146 (the ratio of the human half-life, 12 years [4380 

days], and rat half-life, 30 days) was applied to derive the HED of 0.0013 mg/kg/day (1300 

ng/kg/day).  Uncertainty factors (UFs) of 10 for intra-human variability, 3 for interspecies 

extrapolation, 10 for use of a study with less than chronic duration, and 3 for potentially more 

sensitive effects, resulting in a total UF of 1000, were applied to the HED of 1300 ng/kg/day.  

The resulting RfD is 1.3 ng/kg/day. 

Fish consumption triggers were developed from the RfD of 1.3 ng/kg/day, using default 

exposure assumptions of 70 kg body weight and 227 g fish meal size1.  The trigger value for 

unlimited consumption is 0.40 ng/g (ppb), and triggers for less frequent consumption are 2.8 

ng/g for weekly, 12.0 ng/g for monthly, 36.5 ng/g for once every 3 months, and 146 ng/g for 

yearly consumption, with no consumption advised at levels >146 ng/g.   

PFUnDA reaches the developing fetus and is present in breast milk; these exposures are of 

concern because the fetus and infant are susceptible to the developmental effects of PFUnDA.   

For these reasons, it is not advisable for subgroups susceptible to developmental effects (i.e., 

pregnant and nursing women, young children, women of childbearing age) to receive large doses 

of PFUnDA, even if infrequent. Therefore, consistent with the approach used for other PFAS, 

consumption of fish with PFUnDA levels higher than the advisory trigger for monthly 

consumption is not recommended for individuals in these high-risk groups. 

Introduction 

The purpose of this document is to develop a Reference Dose (RfD) and fish consumption 

triggers for perfluoroundecanoic acid (PFUnDA; C11) in response to a request from the 

Interagency Toxics in Biota Committee (TIBC).   

On January 19, 2022, Dr. Gary Buchanan, Chair of the TIBC, requested in an email that the 

TIBC Risk Subcommittee evaluate whether an RfD for PFUnDA for use as the basis for fish 

consumption advisories can be developed.  It was noted that high levels of PFUnDA have been 

 
1   While the USEPA Office of Water and Superfund programs have updated the default adult body weight 
assumption to 80.0 kg and increased the default drinking water ingestion rate accordingly, USEPA has not updated 
its exposure assumptions for body weight and fish consumption rate for the development of fish consumption 
triggers. 
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found in fish tissue from locations in different parts of New Jersey and that PFUnDA is 

bioaccumulative in fish, even more so than perfluorooctane sulfonate (PFOS).  

The Risk Subcommittee reviewed the available scientific literature on PFUnDA and determined 

that there is sufficient information to develop an RfD for use as the basis for fish consumption 

triggers for PFUnDA.  The TIBC can use these triggers together with fish tissue monitoring data 

to develop fish consumption advisories, which provide non-regulatory advice on how the public 

can reduce their risk by avoiding or limiting consumption of certain recreationally caught fish.  

The RfD presented in this document is based on the information that is currently available and is 

intended to be used only for fish consumption advisory triggers. These triggers are used to 

protect public health by reducing exposure to fish contaminated with PFUnDA.   The Risk 

Subcommittee recommends that if NJDEP considers development of regulatory standards for 

PFUnDA in the future, the basis for the RfD developed in this document be reevaluated to 

determine whether it is of sufficient certainty for regulatory use.  Such a reevaluation should 

consider any more recent scientific information that has become available.   

Document Development Process and Scope of Document  

A PubMed literature search for the keywords (perfluoroundecanoic acid OR PFUnDA OR 

PFUnA or PFUDa) AND (toxicity OR toxicology) conducted on March 15, 2022 identified 109 

citations. These publications were screened by title (and abstract, when necessary) to identify 

publications potentially relevant to development of an RfD.  Relevant publications included 

those reporting data on toxicity or toxicokinetics of PFUnDA in mammalian species, as well as 

additional publications judged to provide relevant supporting information for RfD development 

including selected publications on human exposure to PFUnDA, toxicity of PFUnDA in non-

mammalian species, and in vitro studies of PFUnDA.  Additional relevant studies that were cited 

in the publications from the PubMed search (i.e., through backward searching) were also 

reviewed.   

The literature search also identified numerous human studies of associations of blood serum 

PFAS with a variety of health endpoints.  Such studies typically evaluate potential associations 

of the health effect of interest with the multiple PFAS detected in the blood serum of the 

subjects.  As discussed in the section on Human Epidemiological Studies below, information on 

those studies that specifically noted associations of health endpoints with PFUnDA are included 

in Appendix 1 of this document.  

Guidance and standards developed by other agencies 

USEPA has not conducted a toxicity assessment or developed standards or guidance values for 

PFUnDA.  Information on toxicity assessments of PFUnDA from three other states (Hawaii, 

Texas, Wisconsin) was identified in the Interstate Technology and Regulatory Council PFAS 

Water and Soil Values Table (ITRC, 2022) and the Environmental Council of the States (ECOS) 
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White Paper on Processes & Considerations for Setting State PFAS Standards (Longsworth, 

2022).  

Hawaii 

The Hawaii Department of Health (HIDOH, 2021, 

https://health.hawaii.gov/heer/files/2021/11/PFASActionLevelsWAttachmentHIDOHApril-

2021.pdf) developed RfDs for 18 PFAS including PFUnDA. These RfDs were used to develop 

Action Levels for drinking water, ground water, surface water, and soil. The RfD for PFUnDA 

of 5 ng/kg/day was developed by applying the relative potency factor (RPF) of 4 for PFUnDA 

that was provided by Netherlands National Institute for Public Health (RIVM) (2018; later 

published by Bil et al., 2021) to the USEPA (2016a) RfD for perfluorooctanoic acid (PFOA) of 

20 ng/kg/day.  The RIVM (2018) RPFs are based on relative potency for causing increased liver 

weights in male rats as compared to PFOA, which is the index compound and is assigned a RPF 

of 1.  To apply the RPF of 4, the USEPA (2016a) PFOA RfD of 20 ng/kg/day was divided by 4 

to arrive at the PFUnDA RfD of 5 ng/kg/day.  A major uncertainty in the HIDOH approach is 

that the relative potencies of PFUnDA and other PFAS as compared to PFOA are estimated by 

applying the RIVM (2018) RPFs to the USEPA (2016a) RfD for perfluorooctanoic acid (PFOA), 

which is based on developmental delays in mouse offspring.  However, the RIVM (2018) RPFs 

are based on relative potency for increased liver weight in male rats and are not intended for use 

in estimation of the relative potencies of PFAS for other toxicological effects such as the 

developmental effects that are the basis of the USEPA (2016a) RfD. 

 

Texas 

The Texas Council for Environmental Quality (TCEQ, 2016) developed Reference Doses for 16 

PFAS including PFUnDA.  These RfDs are used as the basis for Protective Concentration Levels 

for groundwater and soil.  TCEQ did not identify any toxicity data for PFUnDA.  Based on the 

assumption that PFAS toxicity increases with carbon chain length, RfDs for PFAS for which no 

toxicity data was identified were based on the RfD for another PFAS with the same or longer 

carbon chain. (Note: Although not discussed by TCEQ, the assumption that toxicity increases 

with chain length is not necessarily true for PFAS of very long chain lengths such as 

perfluorododecanoic acid [PFDoDA, C12].) TCEQ used its Reference Dose of 12 ng/kg/day for 

PFDoDA as the RfD for PFUnDA.   

The PFDoDA RfD is based on a 14-day rat study (Shi et al., 2007) in which the NOAEL and 

LOAEL for decreased body weight were stated to be 1 and 5 mg/kg/day, respectively; it was 

stated that serum testosterone and estradiol were also reduced at 5 mg/kg/day.  Because no half-

life data were available to develop a rat-to-human interspecies toxicokinetic extrapolation factor, 

the mouse-to-human toxicokinetic factor of 81 from the USEPA (2009) Provisional Drinking 

Water Health Advisory was used for the toxicokinetic adjustment.  It should be noted that the 

scientific basis for this factor appears to be uncertain since it is based on the half-life of mice, 

while the RfD is based on a rat study. A total uncertainty factor of 1000 was applied to the 

https://health.hawaii.gov/heer/files/2021/11/PFASActionLevelsWAttachmentHIDOHApril-2021.pdf
https://health.hawaii.gov/heer/files/2021/11/PFASActionLevelsWAttachmentHIDOHApril-2021.pdf
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NOAEL of 1 mg/kg/day, including an intra-human UF of 10, an interspecies UF of 1 (i.e., no 

adjustment), a LOAEL-to-NOAEL UF of 1 (i.e., no adjustment), a subacute-to-chronic UF of 10, 

and a database UF of 10 for “significant insufficiencies (e.g., no chronic or subchronic studies).”  

It should be noted that it is standard practice in the derivation of RfDs for PFAS by New Jersey 

and USEPA, as well as numerous other states, to use an interspecies UF of 3, not 1 as was used 

by Texas, to account for toxicodynamic differences when a chemical-specific interspecies 

toxicokinetic factor is used. 

Wisconsin 

The Wisconsin Department of Health Services (WIDHS, 2020) developed RfDs for 12 PFAS 

including PFUnDA for use in developing recommended groundwater standards.  The WIDHS 

RfD of 300 ng/kg/day is based on the NOAEL of 0.3 mg/kg/day for decreased offspring body 

weight in the rat repeated dose and reproductive-developmental study (Takahashi et al., 2014).  

This study is summarized in detail in the Animal Toxicology section below.  A total UF including 

an intraspecies UF of 10, an interspecies UF of 10, and a database limitation UF of 10 were 

applied.  No adjustment was made (i.e., UFs of 1) for less than chronic exposure since the critical 

effect results from developmental exposures over a short time period, or for LOAEL-to-NOAEL 

extrapolation, since a NOAEL was used.   

 

WIDHS also developed an RfD of 10 ng/kg/day for the more sensitive hepatic effects (NOAEL 

of 0.1 mg/kg/day) in parental males in Takahashi et al. (2014) that included a total UF of 10,000 

intraspecies UF of 10, interspecies UF of 10, less-than-chronic duration UF of 10, database 

limitation UF of 10).  However, this lower RfD was dismissed by stating that rodent hepatic 

effects of PFAS in general are not relevant to humans.  As discussed in detail in the Mode of 

Action section, New Jersey and USEPA have determined this conclusion is not supported by the 

available scientific information.  

 

Additionally, WIDHS used the default interspecies UF of 10 in development of the RfD for 

PFUnDA.  This default UF is composed of two UFs equal to the square root of 10 each.  These 

UFs are rounded to 3, and include 3 for interspecies toxicodynamic differences and 3 for 

interspecies toxicokinetic differences. As discussed in the Reference Dose Development section 

below, it is generally accepted that the default UF of 3 for toxicokinetic differences does not 

sufficiently account for the much slower excretion of PFAS in humans than in laboratory animals 

since  the difference in PFAS excretion rate between humans and laboratory animals is much 

greater than 3-fold.   The much slower excretion of PFAS in humans than in laboratory animals 

results in a much higher internal dose in humans than in animals given the same administered 

dose, and this difference should be accounted for with chemical-specific data on interspecies 

toxicokinetic differences.  
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Biomonitoring and human exposure data 

Data on serum PFUnDA from the U.S. general population are available for the NHANES 

monitoring cycles from 1999-2000 through 2017-18 (CDC, 2022a).  The 2017-18 data are the 

most recent data that are available, and the NHANES website (CDC, 2022b) states that “the 

NHANES program suspended field operations in March 2020 due to the coronavirus disease 

2019 (COVID-19) pandemic. As a result, data collection for the NHANES 2019-2020 cycle was 

not completed and the collected data are not nationally representative.” 

 

PFUnDA was detected in the U.S. general population, although not as frequently as some other 

long chain PFAS such as PFOA, PFOS, PFNA, and perfluorohexanoic acid (PFHxS).  The 50th 

percentile (median) serum PFUnDA level was below the limit of detection (LOD; 0.2 - 0.3 ng/L) 

in the three NHANES cycles from 1999 to 2008. In 2009-10, the median value was 0.172, which 

was above the LOD of 0.1 ng/ml in this NHANES cycle. In the four more recent NHANES 

cycles from 2011 to 2018 (Table 2), all with an LOD of 0.1 ng/ml, the median serum PFUnDA 

value was at or above the LOD in 2011-12 (0.120 ng/ml) and 2017-18 (0.100 ng/ml), but below 

the LOD in 2013-14 and 2015-16.   

 

In general, serum PFUnDA levels (Tables 1 and 2, below) in NHANES are much lower than for 

PFOA and PFOS.  For comparison to the PFUnDA data in Tables 1 and 2, the 50th percentile 

(median) NHANES serum levels for PFOA were approximately 5.2 ng/ml in 1999-2000 and 1.4 

ng/ml in 2017-18, and approximately 30 ng/ml in 1999-2000 and 4.3 ng/ml in 2017-18 for 

PFOS.    

 

The four most recent NHANES cycles from 2011 to 2018 included data for Asians, while the 

earlier cycles shown in Table 1 did not.  It is notable that the serum PFUnDA levels in Asians 

were two- to several-fold higher than in the other racial/ethnic groups (Mexican Americans, 

Non-Hispanic Blacks, Non-Hispanic Whites, all Hispanics) at all percentiles (50th, 75th, 90th, 

95th) in all four cycles. Review of all NHANES serum PFAS data indicates that serum levels of 

several other long-chain PFAS also appear to be higher in Asians than other groups, but this 

difference is most notable for PFUnDA.  

 

Yu et al. (2021) present serum PFAS data from residents of two NJ communities whose drinking 

water was contaminated with perfluorononanoic acid (PFNA, C9) from a nearby industrial 

source.  The industrial facility used and discharged a mixture of PFAS consisting primarily of 

PFNA (~70%) and also containing PFUnDA (~24%), as discussed in DWQI (2015).  In this 

vicinity, PFUnDA that was concluded to arise from this industrial source was detected in soil, 

surface water, and fish (Washington et al., 2020; Goodrow et al., 2020), but it was not detected 

groundwater (which is the drinking water source) in this vicinity, likely due retention in the soil 

from binding to soil particles (McCord et al., 2020).    
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The study population in Yu et al. (2021) included 120 adults (age 20-74; 38 males, 82 females) 

who had lived in the impacted communities for at least two years before drinking water exposure 

stopped in 2014.  While the focus of the study was PFNA, serum levels for 12 PFAS including 

PFUnDA are presented.  Serum PFUnDA levels from 2017-18 in the study population can be 

compared with 2017-18 NHANES data (Table 2) and 2016-18 New Jersey general population 

data (Yu et al., 2020) for adults age 20 and older.  Comparison with NHANES and the New 

Jersey general population data suggests higher PFUnDA exposure in the residents of the 

impacted communities.  Specifically, the geometric mean, median, and 95th percentile of serum 

PFUnDA concentrations were 0.215, 0.201, and 1.193 ng/ml in residents of the impacted 

communities (Yu et al., 2021), as compared with 0.129, 0.100, and 0.400 ng/ml in 2017-18 

NHANES (Table 2) and 0.10, 0.11, and 0.43 ng/ml in the NJ general population in 2016-18 (Yu 

et al., 2020).   

 

Table 1 (from CDC, 2022a)
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Table 2 (from CDC, 2022a) 

 
 

A study of pregnant women from the San Francisco, CA area found that women who reported 

eating fish at least once a week had higher serum PFUnDA levels than those who ate fish less 

frequently.  Serum PFUnDA levels were similar in those who ate red meat at least once a week 

compared with those who ate it with less frequently, and serum PFUnDA levels were lower in 

those who consumed poultry at least once a week than in those who consumed poultry less often 

(Eick et al., 2021).  Studies of European populations have reported that higher levels of serum 

PFUnDA and other long chain PFAS that are highly bioaccumulative in aquatic organisms are 

associated with consumption of fish and shellfish (Haug et al., 2010; Klenow et al., 2013; 

Thépaut et al., 2021), while consumption of fruits and vegetables was associated with higher 

levels of PFAS that are not highly bioaccumulative in fish (PFOA, PFHxA, PFHxS; Klenow et 

al., 2013).  

PFUnDA exposures to the fetus and infant are of potential concern because PFUnDA, like other 

PFAS, causes developmental toxicity in laboratory animals (Takahashi et al., 2014; discussed in 

detail below).  Like other PFAS, PFUnDA has been detected in human breast milk (So et al., 

2006; Fujii et al., 2012; Motas Guzman et al., 2016; Nyberg et al., 2018; Macheka et al., 2022).  
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These studies evaluated breast milk from women in Africa, Asia, and Europe; no breast milk 

data from North America were identified.  PFUnDA was also found in human cord blood (Kung 

et al., 2021), placenta (Mamsen et al., 2017; Bangma et al., 2020), and fetal organs (Mamsen et 

al., 2017; Mamsen et al., 2019).  

PFUnA was also detected in all 12 liver samples that were evaluated in a study of residents of 

Catalonia, Spain (Karrman et al., 2010).  

Toxicokinetics  

Summary 

In general, PFAS are excreted much more slowly in humans than in laboratory animals.  For this 

reason, the same administered dose results in a much higher internal dose (e.g., blood serum 

level) in humans than in laboratory animals.  Toxicokinetic data from humans and laboratory 

animals are used to develop chemical-specific adjustment factors that account for this 

interspecies toxicokinetic difference in RfDs (and cancer slope factors, when applicable). 

Information on toxicokinetics of PFUnDA is relatively limited.  Sources of toxicokinetic data 

include a study in mice after intravenous and oral administration (Fujii et al., 2015); a study in 

microminipigs after oral administration (Guruge et al., 2016); limited data on toxicokinetics in 

rats (Goecke-Flora et al., 1996; Mertens et al., 2010), and data on human urinary clearance 

(Zhang et al., 2013; Fujii et al., 2015), human biliary clearance (Fujii et al., 2015), and estimated 

human half-life (Zhang et al., 2013).  More details on each of these studies are provided below. 

All of the studies reviewed in this section evaluated other PFAS in addition to PFUnDA.  Data 

on other PFAS, particularly PFOA, PFNA, and perfluorodecanoic acid (PFDA; C10), are 

discussed below along with the PFUnDA data for comparison purposes. 

Available data indicate that PFUnDA is well absorbed after oral exposure.  Like other 

perfluoroalkyl acids (PFAAs; carboxylates and sulfonates with a totally fluorinated carbon 

chain), PFUnDA is not metabolized.  PFUnDA accumulated in liver to a greater extent than both 

shorter chain and longer chain perfluoroalkyl carboxylates (PFCAs) in mice, and to a greater 

extent than shorter chain PFCAs in microminipigs.  In both mice and humans, urinary clearance 

of PFUnDA was much slower than for shorter-chain PFCAs and fecal clearance was similar as in 

shorter-chain PFCAs, resulting in fecal clearance contributing a much greater proportion of total 

clearance for PFUnDA than for shorter chain PFCAs.  The limited available data indicates that 

most PFUnDA is also excreted in the bile, rather than the urine, in rats.  The rate of PFUnDA 

excretion appears to be generally similar in males and females in both mice and rats, in contrast 

to some other PFCAs (e.g., PFOA, PFNA) that are much more rapidly excreted in female rats 

than male rats.  PFUnDA is excreted much more slowly in humans than in rodents. 

The elimination half-lives of PFUnDA in male rats and humans are of interest because they are 

used for the interspecies toxicokinetic adjustment in the RfD developed herein, which is based 

on toxicity in male rats (see below).  Although the half-life of PFUnDA in rats is not reported in 
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the literature, the half-life in male rats was estimated (see below) as 30 days based on available 

toxicokinetic data.  Based on the available information, the estimated mean half-life of PFUnDA 

in humans is 12 years. 

Animal studies 

Mouse study (Fujii et al., 2015) 

Study description 

Fujii et al. (2015) provides information on absorption, distribution, and excretion of PFUnDA in 

male and female mice. A single dose of PFUnDA dissolved in ethanol:water:dimethyl sulfoxide 

(5:4:1; dosing volume - 10 ml/kg) was administered by intravenous (IV) injection (9 per sex per 

group) or oral gavage (9 per sex per group).  The IV dose was 0.31 µmol/kg, calculated to be 

0.175 mg/kg, and the oral dose was 3.13 µmol/kg, calculated to be 1.77 mg/kg.  Other PFCAs 

included in the study using the same protocol and doses (µmol/kg) were perfluorohexanoic acid 

(PFHxA; C6), perfluoroheptanoic acid (PFHpA; C7), PFOA, PFNA, PFDA, PFDoDA, 

perfluorotridecanoic acid (PFTrDA; C13), and perfluorotetradecanoic acid (PFTeDA; C14).  

Blood samples were collected for PFUnDA analysis at 0, 0.5, 1, 3, 6, 12, and 24 hours after IV 

administration, and at the same timepoints except 0.5 hours after gavage administration. Urine 

and feces were collected for PFUnDA analysis for 24 hours after dosing in metabolic cages. 

Mice were sacrificed 24 hours after dosing, and liver, kidney, brain, and adipose tissue were 

collected for PFUnDA analysis.  The human component of Fujii et al. (2015) is discussed below.  

Absorption 

Data from Fujii et al. (2015) indicates that PFUnDA is virtually completely absorbed after oral 

administration to male and female mice.  PFUnDA detected in the feces after oral administration 

arises both from PFUnDA that is not absorbed and passes through the gastrointestinal tract and 

PFUnDA eliminated via biliary excretion, while PFUnDA in the feces after IV dosing comes 

only from biliary excretion.  The percent of the PFUnDA that was absorbed after oral dosing to 

mice was estimated by Fujii et al. (2015) by comparing the fecal clearance after IV and gavage 

administration.  Fecal clearance was 2.4+0.9 ml/day/kg after IV dosing and 5.5+2.6 ml/day/kg 

after gavage in males and 3.0+1.4 ml/day/kg after IV dosing and 2.9+1.7 ml/day/kg after gavage 

in females; the average for both sexes was 2.7+1.2 ml/day/kg after IV dosing and 4.2+2.5 

ml/day/kg after gavage.  These data were used to estimate the percentage of the dose absorbed 

after oral (gavage) dosing as 99.3% in males, 100.0% in females, and an average of both sexes of 

99.6%. 

Distribution 

Fujii et al. (2015) provides information on tissue distribution in male and female mice for 

PFUnDA and eight other PFCAs. The percentage of total dose distributed to blood serum, liver, 

brain and adipose tissue in mice 24 hours after dosing is shown for PFUnDA and the other 

PFCAs in Table 3 for IV dosing and Table 4 for gavage dosing.  By far the greatest percentage of 

the PFUnDA dose was found in the liver (90.1% in males and 69.2% in females after gavage; 
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78.4% in males and 53.3% in females after IV).  About 10% of the dose was present in blood 

serum after gavage dosing, with slightly higher percentages after IV administration, and the 

percentages of the dose in kidney, brain, and adipose tissue were much lower (0.04 to 1.7%).   

Comparison of data for PFUnDA and other PFCAs indicates that after gavage administration, the 

percentage of the dose distributed to the liver was higher for PFUnDA than for any of the other 

shorter chain and longer chain PFCAs included in the study; this was also true after IV 

administration except that the percentage in liver was almost identical for PFUnDA and PFDA 

(C10). Additionally, the percentage of the PFCA dose in blood serum decreased with chain 

length in both sexes with both IV and gavage dosing.   

Excretion 

In male and female mice, the percentage of PFUnDA excreted in urine 24 hours after dosing was 

much lower than for shorter chain PFCAs (Fujii et al., 2015).  For example, it was 100-fold 

lower than for PFOA and 10 to 15-fold lower than for PFNA after gavage administration. In 

contrast, the percentage of PFUnDA in feces (0.6 to 0.9% for IV; 0.9% to 1.2% for oral) was 

generally similar as for other PFCAs with 8 or more carbons (Tables 3 and 4).   

Clearance values 

Based on the data from their mouse toxicokinetic studies, Fujii et al. (2015) provide values for 

the urinary, fecal, and total (urinary plus fecal) clearance of PFUnDA and other PFCAs in males, 

females, and the average of both sexes in the first 24 hours after IV and oral dosing.  IV data are 

more meaningful than oral data for fecal clearance because oral clearance includes PFAS that 

was not absorbed in the gastrointestinal tract.  The average values for males and females for IV 

clearance are discussed herein since the clearance data for males and females were generally 

similar.  

Urinary clearance in mice decreased with increasing chain length from 8 to 11 carbons (11.4, 

3.3, 0.9, 0.4 ml/day/kg for PFOA, PFNA, PFDA, and PFUnDA, respectively) while fecal 

clearance was slightly higher for PFUnDA (2.7 ml/day/kg) than for PFOA, PFNA, and PFDA 

(1.5, 1.2, and 1.6 ml/day/kg, respectively).  Total clearance was highest for PFOA (13.0 

ml/day/kg), primarily due to the higher urinary clearance, while total clearance for PFNA, 

PFDA, and PFUnDA was generally similar (4.5, 2.5, and 3.1 ml/day/kg, respectively). The 

percent of total clearance through urine decreased and percent clearance through feces 

correspondingly increased with increasing chain length from 8 to 11 carbons.  Specifically, the 

percent of clearance through urine was 88%, 73%, 36%, and 13% for PFOA, PFNA, PFDA, and 

PFUnDA, while the percent clearance through feces was 12%, 27%, 64%, and 87%.  These data 

indicate that fecal clearance of PFUnDA was approximately seven-fold higher than urinary 

clearance.  

Elimination half-life 

Elimination half-life values are not provided in the mouse toxicokinetic study. This study 

evaluated distribution and excretion for only 24 hours (Fujii et al., 2015).  
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Table 3 (from Fujii et al., 2015).
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Table 4 (from Fujii et al., 2015). 

 

Microminipig study – Guruge et al. (2016) 

Study design 

Guruge et al. (2016) evaluated the time course of blood levels and tissue distribution of PFUnDA 

and nine other perfluoroalkyl acids (PFAAs) in female microminipigs.  Female microminipigs 

(n=3) were administered a gelatin capsule containing doses of 3 mg/kg each of PFUnDA and 

nine other PFAAs (PFOS, perfluorobutanoic acid [PFBA, C4], perfluoropentanoic acid [PFPeA, 

C5], PFHxA, PFHpA, PFOA, PFNA, PFDA, and PFDoDA); two control female microminipigs 

were given a capsule that did not contain PFAAs.  Blood was collected for PFAA analysis prior 

to dosing and at 3, 6, 9, 12, and 24 hours and 2, 4, 8, 11, 15, and 21 days after dosing.  Animals 
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were sacrificed 21 days after dosing, and PFAAs were analyzed in liver, kidney, spleen, and 

muscle. 

Absorption 

Absorption was not evaluated in Guruge et al. (2016). 

Distribution 

Guruge et al. (2016) reported that 27% of the administered dose of PFUnDA was recovered from 

blood, liver, kidney, spleen and muscle in female microminipigs at sacrifice 21 days after dosing. 

PFUnDA concentrations in liver were 5.9 times higher than in blood (noting that data are 

reported for whole blood, not blood serum).  The liver:blood ratio for PFUnDA was higher than 

for shorter-chain PFCAs (e.g., PFOA-0.3; PFNA-1.2; PFDA-3.3) and PFOS (3.4), but lower than 

for PFDoDA (C12; 10.3).  The PFUnDA tissue:blood ratios were lower for other tissues (kidney 

-1.0; muscle - 0.3; and spleen -1.0). As was the case for the liver:blood ratios, tissue:blood ratios 

for the other tissues for shorter chain PFCAs and PFOS were lower than for PFUnDA, and they 

were higher for PFDoDA than for PFUnDA.  Additionally, the percentage of the administered 

PFUnDA dose in liver was higher than in blood for the other tissues at 21 days after dosing.  In 

general, the percent of the administered dose in liver increased, and the percent in blood 

decreased, with increasing chain length for the PFCAs.      

Excretion   

Urinary and fecal excretion was not evaluated in the microminipig toxicokinetic study (Guruge 

et al., 2016). 

Elimination half-life  

Elimination half-lives in microminipigs were estimated based on decline in PFAA blood levels 

for 21 days after a single oral dose.  Half-lives for PFOA, PFNA, PFDA, and PFUnDA were 

estimated as 63.0, 49.5, 40.8, and 38.5 days, respectively.  This pattern of shorter half-life with 

increasing chain length from 8-11 carbons differs from the pattern in rodents, in which half-lives 

generally increase with increasing chain length in this range.  

Rat studies – (Mertens et al., 2010; Goecke-Flora et al., 1996) 

 

Mertens et al. (2010) is a rat subchronic toxicity study of S-111-S-WB (i.e, Surflon; discussed in 

DWQI, 2015), a technical mixture of perfluorocarboxylates (PFCAs) consisting primarily of 

PFNA, with smaller percentages of PFOA, PFUnDA, and perfluorotridecanoic acid (PFTrDA, 

C13).  The toxicokinetic component of this study included single dose (route not stated, assumed 

to be oral) and repeated dose evaluations.  A single dose of 0.025, 0.125, or 0.6 mg/kg Surflon 

was administered to rats (5 per sex).  Urine and feces were collected at 0-6, 6-12, and 12-24 

hours, and then daily through 7 days, and analyzed for PFOA, PFNA, PFUnDA, and PFTrDA.  

The total amount of each PFCA excreted in urine and feces was calculated.  In the repeated dose 

study, rats were dosed orally with 0.025 or 0.125 mg/kg/day (5 per sex per dose level) or 0.6 

mg/kg/day (6 per sex) for 92 days. Blood samples were taken during weeks 2, 4, 7, 9, 10, 11, and 
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12 of dosing.  In the mid-dose (0.125 mg/kg/day) group, urine and feces were collected at 0-6, 6-

12, and 12-24 hours and daily through 7 days after the final dose on day 91.   

Some aspects of the reporting of the results of the toxicokinetic studies in Mertens et al. (2010) 

lack detail, including numerical data.  After repeated dosing, serum concentrations of PFUnDA 

were similar in males and females given the same dose, indicating that the excretion rate of 

PFUnDA is similar in both sexes of rats; this was also the case for PFTrDA.  In contrast, serum 

levels of PFOA and PFNA were much higher in males than females given the same dose; both of 

these PFCAs are known to be much more rapidly excreted in female rats than male rats.  The 

authors state that steady-state serum PFUnDA concentrations had not yet been attained in male 

or female rats after 90 days of daily dosing, and the figure depicting serum PFUnDA over time 

shows that serum levels were still increasing at the end of the study.  Since steady-state is 

attained after 4 to 5 half-lives with repeated dosing 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3223885/pdf/pch16535.pdf), these data suggest 

a PFUnDA half-life in rats of at least 2.5 weeks (18 days).   

Mertens et al. (2010) did not estimate elimination half-lives of PFUnDA or the other PFAS 

present in the PFAS mixture used in their study.  Urine PFUnDA data were not reported because 

of lack of accuracy due to low recovery in the analytical method.  The authors state that about 

15% of a single dose of PFUnDA was eliminated in the feces in the 7 days after dosing in both 

male and female rats, and time to excrete half of the amount excreted in 7 days was about 40-50 

hours.  In contrast, about 250 – 370% of the daily dose was excreted in the 7 days following 90 

days of daily dosing, indicating that accumulation had occurred over the 90-day dosing period. 

An earlier study (Goecke-Flora et al., 1996) used fluorine-19 NMR spectra to evaluate whether 

PFHpA, PFNA, and PFUnDA were present in urine and/or bile of male rats after a single IV 

dose (PFHpA -150 mg/kg; PFNA and PFUnDA – 50 mg/kg).  PFUnDA was detected only in 

bile, while PFNA was detected in both urine and bile and PFHpA was detected only in urine.  It 

should be noted that PFAS (and other compounds) that are excreted in bile undergo 

enterohepatic circulation, in which bile containing PFAS is released into the small intestine 

followed by reabsorption of the PFAS from the small intestine (with the non-absorbed portion 

excreted in the feces).  This process slows the rate of excretion of compounds that are primarily 

excreted in the bile. 

A preliminary estimate of the half-life of PFUnDA in male rats can be made using information 

for rats from Mertens et al. (2010) and Goecke-Flora et al. (1996), as well as the information for 

mice from Fujii et al. (2015).  Mertens et al. (2010) report that 15% of a single dose was excreted 

in the feces in 7 days, and urinary excretion is assumed to be negligible compared to fecal 

excretion based on Goecke-Flora et al. (1996) and further supported by the seven-fold lower 

clearance in urine than in feces in mice in Fujii et al. (2015).  Based on this information, it is 

assumed that 85% of the dose remains in the body of the male rat after 7 days, based solely on 

fecal elimination. An online half-life calculator (https://www.calculator.net/half-life-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3223885/pdf/pch16535.pdf
https://www.calculator.net/half-life-calculator.html?type=1&nt=85&n0=100&t=7&t12=&x=46&y=15
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calculator.html?type=1&nt=85&n0=100&t=7&t12=&x=46&y=15) provides a half-life estimate 

of 30 days if 85% of the dose remains in the body after 7 days.  It should be noted that this is an 

upper bound estimate, since consideration of urinary excretion would result in a lower half-life 

value. A lower half-life value would result in a higher interspecies toxicokinetic extrapolation 

factor (see Interspecies dosimetric adjustment section below), which would result in a lower 

RfD. 

 

Human studies 

Fujii et al. (2015) 

Fujii et al. (2015) estimated human urinary and fecal clearance from paired urine-serum and bile-

serum samples from Japanese subjects.  Bile (drainage for 24 hours) and paired serum samples 

came from 3 male and 2 female patients (age 68-90) from whom bile was drained for a medical 

condition.  Urine (collected for 24 hours) and paired serum samples came from healthy adult 

volunteers (5 per sex; age 21-81).  Fecal clearance was not measured directly but was estimated 

by assuming 98% reabsorption from bile for each of the PFCAs evaluated, based on estimated 

98% biliary reabsorption of PFOA.  The estimate of 98% biliary reabsorption of PFOA was 

based on an assumed human volume of distribution for PFOA of 200 ml/kg (from previously 

reported mouse data) and a human half-life for PFOA of 3.8 years from a study of occupationally 

exposed retired workers (Olsen et al., 2007), and a body weight of 50 kg was assumed for 

estimating both urinary and fecal clearance.  Because of the assumptions used to estimate human 

fecal clearance, these values are more uncertain than the human urinary clearance values and the 

mouse urinary and fecal clearance values from the same study. 

Relative urinary, fecal, and total clearance of the PFCAs in humans followed a generally similar 

pattern as was observed in mice (Figure 1).  Specifically, urinary clearance declined with chain 

length from 8 to 11 carbons (0.044, 0.038, 0.015, and 0.005 ml/day/kg for PFOA, PFNA, PFDA, 

and PFUnDA, respectively), while estimated fecal clearance was relatively constant (0.052, 

0.024, 0.050, and 0.060 ml/day/kg for PFOA, PFNA, PFDA, and PFUnDA, respectively).  

However, estimated clearance values were much lower in humans than in mice (Figure 1).  The 

estimated animal:human total clearance ratios based on mouse oral clearance data are 115:1, 

52:1, 45:1, and 68:1 for PFOA, PFNA, PFDA, and PFUnDA, respectively.  It should be noted 

that these animal:human ratios are uncertain because of the uncertainty in the human fecal 

clearance, which is the major portion of the estimated total human clearance for most of these 

PFAS, including PFUnDA. 

 

 

 

 

https://www.calculator.net/half-life-calculator.html?type=1&nt=85&n0=100&t=7&t12=&x=46&y=15
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Figure 1 (from Fujii et al., 2015). 

 

 

Zhang et al. (2013)  

Zhang et al. (2013) also provides human urinary clearance values and elimination half-life 

estimates for PFUnDA and other PFAAs from a study of the Chinese general population.  These 

estimates are based on paired urine and serum concentrations from 47 males (age 20-88 years), 

19 females older than 50 years (maximum age 78 years), and 20 females age 50 years or younger 

(i.e., of childbearing age; minimum age 21 years).  In this study, a morning urine sample was 

collected, and total daily urinary excretion was estimated by assuming a total daily urine volume 
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of 1.2 L for females and 1.4 L for males.  In estimating clearance values, body weights of 55 kg 

for females and 65 kg for males were assumed.   

Mean urinary clearance values were determined separately for women < 50 years of age and 

older women and men combined.  Urinary clearance estimates from Zhang et al. (2013) are 

much higher than those reported by Fujii et al. (2015).  In younger women, the urinary clearance 

of PFOA, PFNA, PFDA, and PFUnDA was estimated as 0.30, 0.25, 0.066, and 0.064 ml/day/kg, 

respectively. In older women and men, the values for PFOA, PFNA, PFDA, and PFUnDA were 

0.77, 0.15, 0.096, and 0.065 ml/day/kg, respectively.  Coincidentally, the urinary clearance 

values for PFUnDA in Zhang et al. (2013) are essentially identical to the total clearance value of 

0.065 ml/day/kg (0.060 ml/day/kg fecal clearance plus 0.005 ml/day/kg urinary clearance) 

estimated by Fujii et al. (2015).   

Zhang et al. (2013) provide estimated elimination half-lives for PFAS in women age years 50 or 

younger and in men and older women.  The estimates are based on the urinary clearance values 

discussed above, with elimination through menstrual blood loss also considered for younger 

women.  However, fecal elimination is not considered in these half-life estimates, and, all other 

factors being equal, half-live values that consider fecal elimination would be lower.  Mean half-

life values in men and older women for PFOA, PFNA, PFDA, and PFUnDA were 2.6, 4.3, 12, 

and 12 years, respectively. In younger women, the estimated half-lives for PFOA, PFNA, PFDA, 

and PFUnDA were 2.1, 2.5, 4.5, and 4.5 years, respectively.  In all cases, geometric mean and 

median values were somewhat lower than mean values.  

Health Effects 

Human epidemiology 

Numerous studies have evaluated associations of serum PFAS with a wide variety of health 

outcomes, and long-chain PFAS that have a large epidemiological database, particularly PFOA 

and PFOS, are associated with health effects such as increased serum cholesterol, increased liver 

enzymes, decreased birth weight, and decreased antibody response to vaccines, and, for PFOA, 

certain types of cancer. These human epidemiology studies typically evaluate multiple PFAS, 

including PFUnDA in some cases, and the literature search conducted for this document 

identified studies that report associations of PFUnDA with a number of health effects; these 

studies are listed in Appendix 1.  These health effects include decreased birth weight and other 

measures of fetal growth in one or both sexes, increased serum cholesterol, increased carotid 

artery atherosclerosis in the elderly, decreased lipids in neonatal cord blood, decreased eczema 

and asthma in children, increases or no effect in different studies of childhood infections, 

changes in parameters related to thyroid function, decreased estradiol and testosterone in men, 

and other endpoints.   

A more thorough evaluation of the epidemiological literature would be needed to determine the 

strength and consistency of the  evidence for associations of PFUnDA with health endpoint(s).  
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However, only one or a small number of studies report associations with serum PFUnDA for 

each health endpoint, and other studies of these health endpoints that included PFUnDA among 

the PFAS that were measured in blood serum did not find associations with PFUnDA.   

Additionally, many of the studies that report associations of health effects with PFUnDA also 

report associations of other PFAS with these health effects.  As discussed in the New Jersey 

Drinking Water Quality Institute Health Effects Subcommittee evaluations of PFOA and PFOS 

(DWQI, 2017; DWQI, 2018), serum levels of multiple PFAS are often correlated. The relative 

contribution of individual PFAS to observed associations with health effects cannot be 

determined without special modeling approaches that were not performed in the studies reporting 

associations with PFUnDA. Therefore, evaluation of the specific impact of PFUnDA on the 

observed associations is not possible as other PFAS that co-occur with PFUnDA may have 

driven these associations.   For the reasons discussed above, the human studies are not 

appropriate as the basis for a toxicity factor (i.e., RfD) for PFUnDA.   

Animal Toxicology 

Toxicity studies of PFUnDA in mammalian species include: a 14-day oral range finding study in 

rats (Takahashi et al., 2014); an oral repeated dose (males – 42 days of dosing; females – 41-46 

days of dosing) and reproductive- developmental study in rats (Takahashi et al., 2014); two oral 

rat studies of effects on Leydig cells (Yan et al., 2021; Xin et al., 2022); a study of development 

of insulitis and diabetes in a mouse strain that is a model of Type 1 diabetes that used much 

lower doses than the other mammalian studies (Bodin et al., 2016); and an oral study of effects 

on mast-cell mediated allergic inflammation in mice that used much higher doses than the other 

mammalian studies (Lee and Kim, 2018).  An additional study of hepatic biochemical effects in 

rats exposed via IV injection (Goecke-Flora and Reo, 1996) is discussed under mode of action, 

below.  Important gaps in the toxicity database for PFUnDA include a lack of chronic and 

carcinogenicity data, lack of mouse studies at relevant doses, and lack of studies of specific 

endpoints such as immune system function that are known to be sensitive endpoints for other 

PFAAs.  

 

14-day oral range finding study in rats (Takahashi et al., 2014) 

A 14-day oral range finding study in rats is briefly reported in the Materials and Methods section 

of the publication reporting an oral repeated dose and reproductive-developmental study in rats 

(Takahashi et al., 2014).  Male and female Crl:CD (SD) rats were dosed with 2, 6, 20, 60, 200, or 

600 mg/kg/day (presumably by gavage, although not stated) for 14 days.  The number of animals 

per group is not stated, but is assumed to be 5 per sex based on the statement that deaths occurred 

in 5/5 males and 4/5 females at 20 mg/kg/day, and in all animals at 60, 200, and 600 mg/kg/day.  

Liver weight was increased in all males and females at 2 and 6 mg/kg/day, and serum levels of 

the liver enzyme ALP and blood urea nitrogen were increased in males at these same two doses.   
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Oral repeated dose and reproductive- developmental study in rats (Takahashi et al., 2014) 

Crl:CD (SD) rats, age 10 weeks, were dosed by oral gavage with 0, 0.1, 0.3, or 1.0 mg/kg/day 

PFUnDA (CAS RN 2058-94-8; 98.5% pure) in corn oil; controls were dosed with the corn oil 

vehicle.  Males (12 per dose group) were dosed daily for 42 days, starting 14 days before mating.  

Five of the 12 males in each dose group were used as a recovery group and evaluated 14 days 

after the end of dosing. Females (12 per dose group) were dosed daily for 41-46 days, from 14 

days before mating and throughout mating and gestation, until lactation day 4.  Additional 

groups of control and high dose females (5 per group) that were not mated were dosed daily for 

42 days followed by a 14-day recovery period.  

 

Parameters observed in all animals during the study included clinical signs (daily); body weight 

(twice per week in main group males, females prior to mating, and recovery group males and 

females; gestation day [GD] 0, 4, 7, 11, 14, 17, and 20, and postnatal day [PND] 2 and 4 in 

pregnant females); functional observation battery in cage, in the hand, and open field (once per 

week during dosing period).  Parameters including sensory reactions, grip strength, and 

spontaneous motor activity observed in 5 animals per group in main group males and recovery 

group males and females on dosing day 37, in recovery group males and females on day 8 of 

recovery, and main group females on PND 4.   

 

Urinalysis was performed during the last week of dosing, and blood was collected for 

hematology and clinical chemistry evaluations at sacrifice.  At sacrifice, the following organs 

were weighed from all animals:  brain, thyroid, thymus, heart, liver, spleen, kidney, adrenal 

gland, testis, and epididymis.  Histopathological examination was performed for 5 control and 

high dose (1.0 mg/kg/day) males and females, and for all animals if histopathological changes 

were found in high dose animals, for the following organs:  cerebrum, cerebellum, pituitary 

gland, spinal cord, sciatic nerve, thyroid, parathyroid, adrenal glands, thymus, spleen, lymph 

nodes, heart, lung, trachea, stomach, duodenum, jejunum, ileum, cecum, colon, rectum, liver, 

kidney, bladder, testis, epididymis, uterus, seminal vesicle, sternum and femur.    

 

Main group females were evaluated for estrous cyclicity with vaginal lavage prior to mating, 

which began after 14 days of dosing.  Pregnant females delivered spontaneously and nursed until 

sacrifice on PND 4.  Parameters evaluated include litter size, number of live and dead pups of 

each sex, and pup body weight on PND 0 and 4.  Pups were evaluated for malformations on PND 

0 and gross internal examination was performed at sacrifice on PND 4.   

 

No mortality occurred during the study.  There were no clinical signs, effects on the functional 

observation battery, or changes in sensory reactivity or spontaneous motor activity other than 

decreased forefoot grip strength in both males and females in the 1.0 mg/kg/day recovery group.  
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Body weight gain (p-value<0.05) was decreased in high dose (1.0 mg/kg/day) males and non-

mated females during the dosing and recovery periods, and in main group females during the 

lactation period.  Additionally, body weight was decreased (p<0.05) in non-mated females at the 

end (days 38 and 41) of the dosing period and throughout (days 0-13) the recovery period.  Since 

food consumption was decreased only on PND 4 in high dose females, the body weight changes 

at 1.0 mg/kg/day in males and in females at other timepoints were considered a direct effect of 

PFUnDA, rather than secondary to decreased food consumption.  

 

Hematology changes considered to be treatment-related at the high dose (1.0 mg/kg/day) were 

decreased fibrinogen and decreased activated partial prothrombin time (p<0.05) in main group 

and recovery group males, and decreased fibrinogen (p<0.05) in main group females. Clinical 

chemistry changes considered to be treatment-related at the high dose (1.0 mg/kg/day) were 

increased blood urea nitrogen in main group (p<0.01) and recovery group (p<0.05) males and 

females, increased ALP (p<0.01) in main group males and recovery group males and females, 

decreased total protein (p<0.01) in main group males and females and recovery group females, 

and decreased albumin in main group males.  There were no treatment related effects on 

urinalysis parameters.   

 

Organ weight changes noted by the authors were as follows: Relative liver weight was increased 

(p<0.01) at 0.3 mg/kg/day in main group males, and absolute liver weight (p<0.01, in all dosed 

groups except for p<0.05 in recovery group females) and relative liver weight (p<0.01) were 

increased at 1.0 mg/kg/day in main group and recovery group males and females.  Additionally, 

absolute and relative spleen weight were decreased (p<0.05) at 1.0 mg/kg/day in main group 

males.  

 

The only gross pathological changes that were noted were enlarged livers in 2 of 7 males and 

dark red foci in the stomach in 3 of 7 males at 1.0 mg/kg/day in the main group.   

 

Histopathological changes were observed in the liver as listed below.  These changes did not 

occur in the control groups:   

 

• Hepatocellular hypertrophy at 0.3 mg/kg/day in 3 of 12 males (25%) and 1 of 12 females 

(8%) in the main group, and at 1.0 mg/kg/day in 7 of 7 males (100%) and 11 of 12 females 

(92%) in the main group and 5 of 5 males and females (100%) in the recovery group.  In 

males, the effect was more severe at 1.0 mg/kg/day in both the main and recovery groups 

than at 0.3 mg/kg/day in the main group.  In females, the effect was more severe at 1.0 

mg/kg/day in the recovery group than in the main group.  

• Focal necrosis (minimal) at 1.0 mg/kg/day in 2 of 7 males (26%) and 2 of 12 females (17%) 

in the main group. 
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• Hepatocyte degeneration at 1.0 mg/kg/day in 3 of 5 males and females (60%) in the recovery 

group. 

• Diffuse hepatocyte vacuolation at 1.0 mg/kg/day in 3 of 7 main dose males (43%) and 1 of 5 

recovery group males (20%). 

• Cell infiltration of Glisson's sheath (connective tissue surrounding the liver) at 1.0 mg/kg/day 

in 2 of 5 females (40%) in the recovery group.   

Additionally, erosion of the glandular stomach was observed at 1.0 mg/kg/day in 3 of 7 males 

(43%) in the main dose group.  

In the reproductive-developmental component of the study, PFUnDA did not cause effects on the 

estrous cycle, reproductive performance, delivery, nursing, sex ratio of live pups, or viability on 

PND 4, and there were no visible abnormalities in the pups at birth.  Thymic remnants noted 

during the gross pathology examination at sacrifice on PND 4 in the necks of two pups at 0.3 

mg/kg/day and two pups at 1.0 mg/kg/day were not considered to be treatment related.   

Body weights of both male and female pups was decreased (p<0.01) at 1.0 mg/kg/day on PND 0 

and PND 4.  Since maternal body weight of pregnant dams was not decreased in the dosed 

groups, the authors concluded that the decreased pup body weight on PND 0 was a direct effect 

of in utero exposure to PFUnDA and that the decrease on PND 4 resulted from in utero and/or 

lactational exposure.  

Based on the results of the study, the authors identified the liver as a sensitive target organ for 

PFUnDA.  They noted that the hematological, clinical chemistry, and liver histopathological 

effects, including increased severity of hepatocellular hypertrophy in males, persisted until the 

end of the 14-day recovery period, suggesting that PFUnDA is slowly excreted.  They also noted 

that males appeared to be more sensitive to hepatic effects of PFUnDA than females, since liver 

weight was significantly (p<0.01) increased in males but not females at 0.3 mg/kg/day, and the 

hepatic histopathological changes were more severe in males.  

  

The authors identified a NOAEL for systemic effects of 0.1 mg/kg/day in males and females, 

based on hepatocellular hypertrophy in both sexes at 0.3 mg/kg/day; relative liver weight was 

also significantly increased in males at this dose.  The NOAEL for reproductive-developmental 

effects was identified as 0.3 mg/kg/day, based on decreased pup body weight at 1.0 mg/kg/day.   

 

Studies of effects of oral exposure to PFUnDA on Leydig cells in rats (Yan et al., 2021; Xin et 

al., 2022) 

Two studies from the same research group evaluated effects of oral exposure to PFUnDA on 

testicular Leydig cells in rats (Yan et al., 2021; Xin et al., 2022).   

 

In Yan et al. (2021), male Sprague-Dawley rats (9 per dose group) were dosed by gavage with 0, 

1, 5, or 10 mg/kg/day PFUnDA in corn oil for 21 days from age 35 days to 56 days; controls 
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were dosed with the corn oil vehicle, and animals were sacrificed at the end of the dosing period.  

This dosing period was selected to include the period of pubertal Leydig cell development.  In 

the low dose group (1 mg/kg/day), body weight gain during the dosing period did not differ from 

controls, while body weight was significantly decreased at the end of the dosing period in the 

two higher dose groups (5 and 10 mg/kg/day).  Absolute testis and epididymis weights were also 

decreased compared to controls at 5 and 10 mg/kg/day, but relative testis weight was increased;  

relative epididymis weight data were not provided.  

 

Serum testosterone and luteinizing hormone levels were significantly decreased at all doses, 

while serum follicle stimulating hormones was decreased only at the two higher doses, and 

serum estradiol was not affected; these parameters were evaluated at sacrifice at the end of the 

dosing period.  Immunohistochemical staining for proteins specific to Leydig cells in general, 

mature Leydig cells, and Sertoli cells indicated that the number of Leydig cells and mature 

Leydig cells in the testes were decreased at 5 and 10 mg/kg/day while Sertoli cell numbers were 

not affected.  Histopathological evaluation of several sections of the epididymis indicated that 

the number of sperm in the epididymal tubules was decreased in PFUnDA-treated rats.  

Photographs of the microscopic histology at each dose are included in the publication, but 

quantitative information on the dose-response for this effect is not provided.   

 

Additional mechanistic studies reported in Yan et al. (2021) evaluated effects of PFUnDA on 

testicular gene expression, protein levels, lipids, oxidative stress, and phosphorylation pathways 

related to regulation of autophagy.  In summary, several testicular genes were downregulated at 

all doses of PFUnDA, while others were affected only at higher doses.  Similarly, levels of 

proteins associated with affected genes were decreased, some at all doses and others only at 

higher doses. Testicular triglyceride levels were increased at 5 and 10 mg/kg/day, while 

testicular cholesterol levels were unaffected.  PFUnDA also induced oxidative stress and 

decreased phosphorylation of proteins related to autophagy; these effects were stated by the 

authors to potentially affect the differentiation of Leydig cells. 

 

Based on the results of Yan et al. (2021), Xin et al. (2022) evaluated the effects of lower doses of 

PFUnDA on Leydig cell function in adult male rats.  Eight-week-old male Sprague-Dawley rats 

(10 per dose group) were dosed by gavage with 0, 0.1, 0.5, 1, or 5 mg/kg/day PFUnDA for 28 

days; controls were dosed with the corn oil vehicle, and animals were sacrificed at the end of the 

dosing period. One animal each in the 0.1 and 1 mg/kg/day groups and two animals in the 0.5 

mg/kg/day group died from dosing errors.  At the end of the dosing period, body weight was 

reduced by 15% and 55% in the 1 and 5 mg/kg/day groups, respectively.  Absolute and relative 

testis weights were reduced at 5 mg/kg/day, and absolute epididymis weight (relative weight not 

shown) was reduced at 1 and 5 mg/kg/day.  The authors state that data for the specific endpoints 

related to Leydig cell function evaluated in this study are not shown for the 5 mg/kg/day dose 

group because of the large magnitude of the body weight decrease at this dose. 
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At the end of the dosing period, serum testosterone levels were decreased at all doses, and the 

decrease was significant (p<0.05) at 0.5 and 1 mg/kg/day, but not at 0.1 mg/kg/day.  Serum 

luteinizing hormone and follicle stimulating hormone levels were not affected.  

Immunohistochemical staining of proteins that are biomarkers for Leydig cells in general and 

mature Leydig cells indicated that the total Leydig cell number was reduced at all doses with 

significance (p<0.01) at 1 mg/kg/day, and the number of mature Leydig cells was significantly 

reduced in a dose-related manner at all doses (0.1 mg/kg/day and higher).  Studies of Leydig cell 

gene expression and protein levels indicated that PFUnDA down regulated genes and decreased 

levels of proteins related to testicular function, with some genes and proteins affected at the low 

dose (0.1 mg/kg/day) and others affected at higher doses.  Similarly, PFUnDA decreased 

phosphorylation of proteins related to Leydig cell function, with phosphorylation of some 

proteins affected at the low dose (0.1 mg/kg/day) and others affected at higher doses. 

 

Study of development of insulitis and diabetes in a mouse strain that is a model of Type 1 

diabetes that used much lower doses than the other mammalian toxicology studies (Bodin et al., 

2016) 

Bodin et al. (2016) studied the effects of exposure to PFUnDA beginning in utero and continuing 

through adulthood in female non-obese diabetic (NOD) mice, a model strain for Type 1 diabetes.  

Dams (approximately 23-24 per dose group) were exposed to 0, 3, 30, and 300 µg/L PFUnDA in 

drinking water prior to mating and throughout gestation and lactation.  As such, offspring were 

potentially exposed in utero and through breast milk, and female offspring (8-10 per litter) were 

further exposed through drinking water to these same concentrations from weaning to up to 30 

weeks of age.  Female offspring were evaluated for development of insulitis (inflammation of the 

islets of Langerhans in the pancreas) and diabetes; females were selected because they are more 

susceptible than males to these effects in this mouse strain. 

 

Based on body weight and measured drinking water consumption at 10 weeks of age, the doses 

were calculated as about 0.417, 41.7, and 41.7 µg/kg/day (0.000417, 0.00417, and 0.0417 

mg/kg/day).  These doses are much lower than in the other animal studies described above. 

 

There were no effects on litter size or the sex ratio of offspring in the PFUnDA-treated groups.  

Early signs of diabetes including alterations in pancreatic histology were evaluated in female 

offspring at 7 and 11 weeks of age.  The average grade of severity of insulitis was significantly 

increased (p<0.05) at the high dose (300 µg/L) at 11 weeks, and the authors stated that there was 

a trend toward increased severity at 7 weeks, although effects were not statistically significant. In 

pancreatic islets where insulitis was not present, the number of tissue resident macrophages was 

decreased with increased PFUnDA dose, although this effect was not statistically significant, and 

the number of apoptotic cells was significantly increased at the high dose at age 11 weeks.  The 

incidence of diabetes increased over time in all groups starting at age 15 weeks and did not 
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significantly differ between dose groups, but development of diabetes appeared to be delayed at 

the two lower doses (3 and 30 µg/L).   

 

Study of effects of oral exposure to PFUnDA on mast cell-mediated allergic inflammation in 

mice (Lee and Kim, 2018) 

Lee and Kim (2018) state that ovalbumin is used as a sensitizer in a model of active systemic 

anaphylaxis, which is relevant for evaluation of mast cell function and allergic inflammation.  

The Materials and Methods section of Lee and Kim (2018) state that male ICR mice (5 per dose 

group) were dosed by intraperitoneal injection with ovalbumin on days 0 and 7, followed by oral 

dosing of PFUnDA, PFHpA, PFNA, or PFDA in phosphate buffered saline (100 mg/kg) on days 

9, 11, and 13. Control groups not dosed with ovalbumin and/or PFAAs are not mentioned.  It is 

stated that on day 14, another dose of ovalbumin was injected intraperitoneally, and rectal 

temperature was measured every 10 minutes until sacrifice at 70 minutes, and that at sacrifice, 

blood was collected for measurement of serum histamine, TNF-alpha, IgE, and IgG1.   

However, the experimental protocol presented in the Materials and Methods section is 

inconsistent with the data shown in the Results section, which include data from a group of mice 

not dosed with ovalbumin or PFAAs and groups of mice dosed with PFAAs but not ovalbumin. 

Additionally, other aspects of the experimental protocol are also not clearly described.  As such, 

it was not possible to evaluate the results and conclusions of this study. Additionally, the dose of 

PFUnDA used in this study (100 mg/kg) is much higher than the doses at which effects occurred 

in the rat toxicity studies described above (Takahashi et al., 2014 – 0.3 mg/kg/day; Xin et al., 

2022 – 0.1 mg/kg/day).  For these reasons, this study was not considered relevant to RfD 

development, and it was not further summarized or considered. 

Mode of action  

The discussion in this section focuses on the mode of action (MOA) for hepatic toxicity of 

PFUnDA, since this effect was selected as the critical endpoint for the RfD (see Reference Dose 

Development section, below).  Additional data relevant to the potential MOAs for other effects of 

PFUnDA (for example, thyroid disruption in zebrafish; Kim et al., 2021) are not discussed 

herein.  

Detailed evaluations of the MOA for hepatic effects in rodents of other PFAS were performed by 

the New Jersey Drinking Water Quality Institute (PFNA - DWQI, 2015; PFOA – DWQI, 2017; 

PFOS – DWQI, 2018) and NJDEP (chloroperfluoropolyether carboxylates, ClPFPECAs – 

NJDEP, 2021). These evaluations concluded that the hepatic effects of these PFAS in rodents are 

adverse and relevant to humans.  Specifically, it was concluded that increased liver weight and 

hepatocellular hypertrophy caused by these PFAS are accompanied by and/or progress to other 

more severe effects including necrosis and other adverse histopathological changes, and 

increased serum levels of liver enzymes.  The human relevance of hepatic effects of PFAS in 

laboratory animals is further supported by human epidemiological studies that report associations 
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of PFOA, PFNA, and ClPFPECAs with increased serum levels of liver enzymes. The New 

Jersey RfDs for PFOA, PFNA, and ClPFPECAs are based on increased relative liver weight in 

rodents.  For PFOS, a candidate RfD based on hepatic effects in rats was developed, but the final 

RfD was based on immune system suppression in mice, which was a more sensitive endpoint.   

 

The conclusions of recent USEPA evaluations of several PFAS regarding adversity and human 

relevance of hepatic effects in rodents are consistent with those of NJ DWQI and NJDEP.  

USEPA selected rodent hepatic toxicity as the critical effect for the RfDs for PFBA (draft 

USEPA, 2021a) and GenX (USEPA, 2021b), and USEPA also considered rodent hepatotoxicity 

as a potential critical effect for the updated RfDs for PFOA (draft USEPA 2021c), PFOS (draft 

USEPA 2021d), and the RfD for PFHxA (draft USEPA, 2022).   

 

Additionally, scientists from The Netherlands National Institute for Public Health (RIVM) 

reviewed data relevant to the MOA of rodent hepatic effects of PFAS and concluded that the 

rodent hepatic effects of PFAS in general should be considered adverse and relevant to humans 

for the purposes of risk assessment (Bil et al., 2021). Bil et al. (2021) developed relative potency 

factors (RPFs) for 23 PFAS including PFUnDA based on relative potency (via the oral exposure 

route) for increased relative liver weight in male rats.  PFOA was designated as the index 

compound and assigned an RPF of 1, and the RPFs for the other 22 PFAS were based on 

comparison to PFOA. 

 

The New Jersey, USEPA, and RIVM documents cited above conclude that increased liver 

weight and other hepatic effects of PFAS occur through both peroxisome proliferator activated 

receptor-alpha (PPAR-alpha) dependent and PPAR-alpha independent processes.  The relative 

importance of PPAR-alpha dependent and independent processes for rodent hepatic effects 

differs among PFAS (Post et al., 2017).  For example, hepatic effects of PFOS in rats appear to 

be almost totally PPAR-alpha independent, while both PPAR-alpha dependent and independent 

processes contribute to the rodent hepatic effects of PFOA and PFNA.  

 

Several studies provide information on the MOA for hepatic effects of PFUnDA.  These data 

indicate that, like other PFAS, PFUnDA can activate both PPAR-alpha and other receptors 

unrelated to PPAR-alpha (i.e., the estrogen receptor) in the liver.  

 

Goecke-Flora and Reo (1996) reported that the activity of fatty acyl CoA-oxidase, a marker for 

PPAR-alpha activation, in male rats injected intraperitoneally with a single 50 mg/kg dose of 

PFUnDA was about four times higher than in control rats 3 and 5 days after dosing.   

 

Wolf et al. (2012) evaluated PFCAs with 4-12 carbons and perfluoroalkyl sulfonates (PFSAs) 

with 4, 6, and 8 carbons for in vitro transactivation of mouse and human PPAR-alpha in 

transiently infected COS-1 cells. Because this is an in vitro study, differences in the receptor 
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transactivation dose-response data among PFAAs reflect differences in intrinsic potency for 

receptor transactivation but do not reflect differences in toxicokinetics (i.e., generally higher 

internal doses from the same administered dose with increasing chain length).  PFUnDA 

activated both mouse and human PPAR-alpha.  PFUnDA, as well as PFOA and PFNA, were 

among the more potent activators of mouse PPAR-alpha, while the three PFSAs were less potent 

than the 9 PFCAs.  In contrast, the potency for PFOA and PFNA activation of human PPAR-

alpha was similar as for mouse PPAR-alpha, while PFUnDA was about 10-fold less potent as an  

activator of human PPAR-alpha than mouse PPAR-alpha.    

 

Additionally, PFUnDA activated the hepatic estrogen receptor with potency similar to PFOA and 

PFNA in rainbow trout (Benninghoff et al., 2011), a species which is insensitive to PPAR-alpha 

activation (Tilton et al., 2008).  In a subsequent study that did not include PFUnDA 

(Benninghoff et al., 2012), PFOA, PFNA, and PFDA were tested for liver tumor promoting 

activity in rainbow trout. All three PFCAs increased the incidence and number of liver tumors in 

rainbow trout that had been initiated with aflatoxin, and they also induced a genomic signature 

similar to that induced by 17-beta-estradiol.  In contrast, clofibrate, a model PPAR-alpha 

activating compound, did not promote liver tumors and did not regulate genes in common with 

17-beta-estradiol (Tilton et al., 2008). 

Development of Reference Dose 

There are no human or animal data on the potential carcinogenicity of PFUnDA. Therefore, the 

fish consumption triggers for PFUnDA are based on a RfD for non-carcinogenic effects. 

Selection of critical study and endpoint 

Non-carcinogenic toxicological effects that are sensitive, well established, adverse or a precursor 

to adverse effect(s) and considered relevant to humans are appropriate for consideration as the 

basis for RfD development.   

In the limited toxicological database for PFUnDA, the studies at which effects were reported at 

relatively low doses include the rat repeated dose and reproductive-developmental study in 

which parental males were exposed for 42 days and parental females were exposed for 41-46 

days (Takahashi et al., 2014), the study of Leydig cell function in adult male rats exposed for 28 

days (Xin et al., 2022), and the study of insulitis and diabetes development in female NOD mice 

(Bodin et al., 2016).  

In Takahashi et al. (2014), the LOAEL for systemic effects was 0.3 mg/kg/day.  At this dose, 

relative liver weight was significantly increased (p<0.01) compared to controls in males, and 

hepatocellular hypertrophy occurred in 3 of 12 males (25%) and 1 of 12 females (8%) but not in 

any controls.  The LOAEL for developmental effects in this study was 1.0 mg/kg/day.  At this 

dose, pup body weight was significantly decreased (p<0.01) on PND 0 and PND 4 in the absence 

of decreased maternal body weight.  
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In Xin et al. (2022), the LOAEL was 0.1 mg/kg/day, the lowest dose included in the study.  The 

number of mature Leydig cells, as assessed by immunohistochemical staining of a protein 

biomarker, was significantly decreased at all doses in a dose-related fashion, including at 0.1 

mg/kg/day (p<0.05).  Statistically significant decreases in related parameters, including total 

number of Leydig cells and serum testosterone levels, occurred at higher doses. Additionally, 

some biochemical changes related to Leydig cell function including changes in expression of 

some genes, levels of some proteins, and phosphorylation of some proteins were statistically 

significant at 0.1 mg/kg/day, while other changes were statistically significant at higher doses. 

In Bodin et al. (2016), the grade of severity of insulitis and the number of apoptotic cells in the 

pancreatic islets in NOD mice, a model strain for Type 1 diabetes, were significantly increased 

(p<0.05) at the high dose (approximately 0.042 mg/kg/day) at 11 weeks. The incidence of 

diabetes increased over time in all groups starting at age 15 weeks and did not significantly differ 

between dose groups, but development of diabetes appeared to be delayed at the two lower doses 

(approximately 0.00042 and 0.0042 mg/kg/day).   

From the studies and toxicological endpoints described above, increased relative liver weight in 

male rats exposed for 42 days (Takahashi et al., 2014) was selected as the primary basis for the 

RfD, and dose-response evaluation was performed for this dataset.  In Takahashi et al. (2014), 

relative liver weight was increased in males at all doses in a dose-related fashion, with 

statistically significant increases at the two higher doses (0.3 and 1.0 mg/kg/day).  Therefore, the 

NOAEL and LOAEL for increased relative liver weight in males in this study were identified as 

0.1 mg/kg/day and 0.3 mg/kg/day, respectively. Increased relative liver weight in females and 

decreased pup body weight were less sensitive endpoints than increased relative liver weight in 

males in this study.  Although Bodin et al. (2016) and Xin et al. (2022) reported toxicological 

effects at lower doses than Takahashi et al. (2014), they were not elected as the primary basis for 

the RfD for reasons discussed below.  

As discussed in the Mode of Action section above, increased relative liver weight is a well-

established and sensitive endpoint that is considered relevant to humans for PFAS in general and 

has been used as the critical endpoint for RfDs for several other PFAS.  There is no information 

to suggest that the increased relative liver weight caused by PFUnDA in rats is not relevant to 

humans, and the selection of increased relative liver weight as the critical endpoint for PFUnDA 

is supported by other effects of PFUnDA that are indicative of liver damage in Takahashi et al. 

(2014).  Specifically, serum levels of the liver enzyme ALP were increased at 1.0 mg/kg/day in 

males at the end of the dosing period and in both sexes after a 14 day recovery period; severity of 

hepatocellular hypertrophy increased with increasing dose in males both at the end of dosing and 

after a 14 day recovery period; focal necrosis at 1.0 mg/kg/day was reported in both sexes at the 

end of the dosing period; hepatocyte degeneration was reported at 1.0 mg/kg/day in males and 

females at the end of the recovery period; and hepatocyte vacuolation, potentially associated with 

steatosis (NJDEP, 2021) was reported at 1.0 mg/kg/day in males at the end of dosing and after 

the recovery period. 
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Although the LOAEL of 0.1 mg/kg/day for decreased number of mature Leydig cells in Xin et 

al. (2022) is lower than the LOAEL of 0.3 mg/kg/day for hepatic effects in Takahashi et al. 

(2014), the Leydig cell effects were not selected as the critical effect for RfD development for 

several reasons.  First, this effect is not as well established as hepatic effects for PFAS in general 

and, to our knowledge, it has not been used as the basis for RfD development by USEPA or other 

agencies.  Additionally, data for this effect are presented in a bar graph by Xin et al. (2022) and 

numerical data are not presented.  Benchmark Dose modeling could not be performed for this 

effect since numerical data are needed and they were not available.  That being said, this study 

suggests the potential for effects that are more sensitive than increased relative liver weight, 

including Leydig cell toxicity, and this possibility is considered in development of the RfD (see 

Application of uncertainty factors section, below). 

 

Bodin et al. (2016) reported statistically significant effects on severity of insulitis and number of 

apoptotic cells in the pancreatic islets at 0.042 mg/kg/day, a lower dose than in the other studies. 

This study was not considered appropriate as the primary basis for RfD development for several 

reasons: it was conducted in a non-standard strain of mice that is susceptible to diabetes; the 

endpoints affected by PFUnDA have not been used as the basis for RfD development to our 

knowledge, and the data are presented graphically (numerical data are not presented).  As is the 

case for Xin et al. (2022), this study suggests the potential for effects that are more sensitive than 

increased relative liver weight, and this possibility is considered in the development of the RfD. 

Determination of Point of Departure (POD) 

The first step in dose-response analysis is identification of a Point of Departure (POD), which is 

the dose within or close to the dose range used in the study from which extrapolation begins. As 

described below, if a Benchmark Dose can be developed, it is preferred for use as the POD. If 

BMD modeling does not give an acceptable fit to the data, the NOAEL (or LOAEL, if a NOAEL 

is not identified) is used as the POD.  The BMD modeling presented below was performed using 

USEPA BMD Software Version 3.2. 

 

BMD modeling for a 10% change in relative liver weight, consistent with the Benchmark 

Response (BMR) for relative liver weight used in previous New Jersey PFAS risk assessments 

(DWQI, 2015; DWQI, 2017; NJDEP, 2021), was performed for the most sensitive dataset, adult 

male rats in Takahashi et al. (2014). The data are shown in Table 5. 

 

Table 5. Relative liver weight (% of body weight) in male rats (Takahashi et al. 2014) 

Dose N Mean Std. Dev. 

0 5 2.88 0.27 

0.1 5 3.02 0.19 

0.3 5 3.39 0.16 

1 5 4.18 0.19 
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The BMD modeling results are provided in Appendix 2.  The model with normal distribution and 

constant variance that provided the best fit was the polynomial degree 2 model, and this model 

was recommended by the BMD software.  For this model, the AIC was the lowest (AIC = -3.35). 

This model provided a BMD of 0.23 mg/kg/day and a BMDL of 0.19 mg/kg/day.  Because a 

restricted model with a normal distribution and constant variance fit the dataset, BMD modeling 

results from unrestricted models were not considered.  Therefore, the BMDL of 0.19 mg/kg/day 

was selected as the POD for relative liver weight. The dose-response plot that is the basis for this 

BMDL is shown in Figure 2.  

 

Figure 2. Graphical results for recommended BMDL model for increased relative liver 

weight in male rats (Takahashi et al., 2014).

 
 

Interspecies dosimetric adjustment 

Because PFAS are excreted much more rapidly in rats than in humans, the same administered 

dose results in a much higher internal dose (i.e., body burden) in humans than in rats.  Serum 

PFUnDA levels were not measured in any of the available toxicity studies, and the POD for 

increased relative liver weight identified above is based on administered doses to rats 

(mg/kg/day). To account for the much higher internal dose from a given administered dose in 

humans as compared to rats, the PODs from the rat studies were converted to human equivalent 

doses (HEDs) by adjusting for the ratio of estimated half-lives in humans and male rats.  This 

approach, using the ratio of human:rodent half-lives to determine HEDs, has been used in the 

development of toxicity factors (RfDs and cancer slope factors) for other PFAS including for the 

chronic RfD for ClPFPECAs (NJDEP, 2021), short-term RfDs for PFOA and PFOS (USEPA, 

2009), PFOA cancer slope factor (DWQI, 2017), and chronic and subchronic PFBS RfDs (MDH, 

2020; USEPA, 2021e). 

 

The mean human half-live values for PFUnDA reported in Zhang et al. (2013) are 12 years for 

men and older women and 4.5 years for women of childbearing age.  Since the critical effect for 

PFUnDA is hepatic toxicity, which is not specific to women of childbearing age, the half-life for 

men and older women is relevant to HED development.  The half-life of 12 years from Zhang et 

al. (2013) is based on urinary clearance, and consideration of fecal clearance would result in a 
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shorter half-life.  However, the urinary clearance value for PFUnDA of 0.065 ml/day/kg from 

Zhang et al. (2013) is identical to the total clearance value of 0.065 ml/day/kg (0.060 ml/day/kg 

fecal clearance plus 0.005 ml/day/kg urinary clearance) estimated by Fujii et al. (2015).   

 

Additionally, the human half-life estimates for all PFCAs in Zhang et al. (2013) are based on the 

volume of distribution for PFOA of 170 ml/kg reported by Thompson et al. (2010).  However, 

Fujii et al. (2015) report that the volume of distribution of PFUnDA in mice is larger than for 

PFOA.  Relevant to this topic, Zhang et al. (2013) discuss that the volumes of distribution for 

PFOA in different mammalian species are quite consistent as reported by Han et al. (2012), and 

this may also be true for other PFCAs including PFUnDA.  This information suggests that the 

human volume of distribution of PFUnDA is likely to be larger than for PFOA, and a larger 

volume of distribution results in a longer half-life with a given clearance value, as shown below: 

 

Half-life (days) = 0.693  x  Volume of Distribution (ml/kg)   

                                        Clearance (ml/day/kg) 

 

Where: 0.693 = natural log of 2 

 

Taken together, the information on clearance values and volume of distribution discussed above 

indicates that, although uncertain, the human half-live of 12 years (4380 days) provided by 

Zhang et al. (2013) is appropriate for development of the interspecies dosimetric factor for 

PFUnDA. 

 

The half-life of PFUnDA in rats has not been reported, and a half-life of 30 days in male rats was 

estimated from the relevant available information in the Toxicokinetics section above.  While 

uncertain, this estimate appears reasonable based on half-lives in male rats reported for PFOA, 

PFNA, and PFDA of 6 days, 30 days, and 40 days, respectively (Ohmori et al., 2003). Therefore, 

it is considered appropriate for development of the interspecies dosimetric factor for PFUnDA.    

 

The ratio of the estimated human and male rat half-lives (4380 days/30 days) is 146.  This value 

is similar to the ratio of human and rat half-lives of 120 for PFOA that was used as the 

dosimetric adjustment factor in developing the cancer slope factor for PFOA by DWQI (2017).     

The human dose corresponding to the POD in male rats of 0.19 mg/kg/day (i.e., the HED) is 

(0.19 mg/kg/day)/146 = 0.0013 mg/kg/day or 1300 ng/kg/day.  

 

The HED for the POD for increased relative liver weight for PFOA is 6100 ng/kg/day (DWQI, 

2017).  The 4.7-fold difference between the PFOA HED of 6100 ng/kg/day (based on data from 

male mice) and the PFUnDA HED of 1300 ng/kg/day for increased relative liver weight (based 

on data from male rats) is consistent with the relative potency factor (RPF) of 4 for increased 

relative liver weight for PFUnDA relative to PFOA, which is assigned a value of 1, from Bil et 

al. (2021).  That being said, it should be noted that the RPFs developed by Bil et al. (2021) are all 

based on data from male rats.  

 



32 
 

Application of uncertainty factors   

The RfD was developed by application of uncertainty factors (UFs) to the HED of 1300 

ng/kg/day that corresponds with the BMDL for increased liver weight in male rats. The choice of 

uncertainty factors was consistent with current USEPA IRIS guidance (USEPA, 2002; USEPA, 

2016b) and previous risk assessments developed by NJDEP.  The UFs address specific factors 

for which there is uncertainty about the relationship of the HED derived from the rat POD to the 

protection of sensitive human subpopulations over a lifetime of exposure. UFs are generally 

applied as factors of 1 (no adjustment), 3 or 10, with 3 and 10 representing 0.5 and 1.0 log-unit. 

Because individual UFs represent log-units, the product of two UFs of 3 is taken to be 10, 

consistent with USEPA guidance (USEPA, 2002).  

 

The five UFs shown below were considered. USEPA (2002) recommends that the total UF not 

exceed 3000 since a higher UF indicates that the level of uncertainty is too great to support RfD 

development.  USEPA (2002) further notes that the maximum recommended total UF of 3000 

applies only to the five UFs listed below and that it does not apply to other adjustment factors 

such as the interspecies toxicokinetic adjustment derived above.   

 

• UFintraspecies – To account for the potential greater sensitivity of sensitive human 

subpopulations than the average human population. A full value of 10 is typically applied 

unless the endpoint is based on human data that include sensitive sub-populations. 

 

• UFduration – Applied when a study of less than chronic duration is used to account for 

potential effects at lower doses with chronic exposure. 

 

• UFinterspecies – Applied when animal data are used to address the potentially greater 

sensitivity of humans than animals. Two factors of 3 each (i.e., one half on a log scale of 

the full default UF of 10) are normally applied to account for toxicokinetic and 

toxicodynamic differences. For PFUnDA, the interspecies toxicokinetic difference is 

accounted for with the ratio of half-lives in humans and rats. A UF of 3 (rather than a full 

value of 10) is therefore used to account for potential toxicodynamic differences between 

rodents and humans. 

 

• UFLOAEL – Applied when a LOAEL is used to estimate the corresponding NOAEL, when 

no NOAEL is identified in the study under consideration. A UFLOAEL of 1 is used (i.e., no 

adjustment) when a BMDL is used since the BMDL is considered to be an estimate of the 

NOAEL. 

 

• UFdatabase – To account for potentially more sensitive effects, target organs, populations, 

or life stages that have not been fully evaluated.  Examples of such database gaps include 

lack of data on reproductive, developmental, or immune system effects, as well as lack of 

sufficient data (e.g., from multiple species) for any specific effects that have been 

identified for the contaminant being evaluated or related contaminants.  
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The UFs used in the RfD for PFUnDA and the rationale for their selection are as follows: 

 

• UFintraspecies = 10.  The default value of 10 was used to account for potentially more 

sensitive human subpopulations. 

 

• UFinterspecies = 3.  To account for interspecies toxicodynamic differences as discussed 

above. 

 

• UFduration = 10.   In the critical study (Takahashi et al., 2014), male rats were dosed for 42 

days (less than subchronic duration).   

 

Although the New Jersey RfDs for PFOA and PFOS are based on studies of less than 

chronic duration, no adjustment for duration of exposure was made (i.e., a UFduration of 1).  

These RfDs were based on data on serum PFAS levels rather than administered dose, and 

available data indicated that the critical effect does not occur at lower serum PFAS levels 

or increase in magnitude with longer exposure at the same serum PFAS level.  In these 

cases, the possibility that serum PFAS levels may continue to increase with longer 

exposure is taken into account by the use of serum PFAS levels as the dose metric.   

 

In contrast, the New Jersey RfDs for PFNA and ClPFPECAs, which are also based on 

studies of less than chronic duration,  include a UFduration of 10 because the data indicated 

that the critical effect occurred at lower doses and/or increased in magnitude with longer 

exposure duration.   

 

For PFUnDA, the RfD is based on administered dose, because serum PFAS levels were 

not reported in the critical study.  The critical study is of less than subchronic duration, no 

chronic data are available, and there is no information about whether or not the critical 

effect would occur at lower doses and/or increase in magnitude with longer exposure 

duration.  As such, the default UFduration of 10 was applied. 

 

• UFLOAEL = 1.  No adjustment was made because a BMDL is used. 

 

• UFdatabase = 3.  The decreased absolute and relative spleen weight in male rats reported in 

Takahashi et al. (2014) suggests the potential for more sensitive types of immune system 

toxicity.  Toxicity to Leydig cells in rats as reported by Xin et al. (2022) occurred a dose 

3 times below the LOAEL for increased liver weight, and effects on the pancreas were 

reported in female mice from a strain susceptible to diabetes were reported at low doses 

(Bodin et al., 2016).  Additionally, there are no data on other sensitive endpoints (e.g., 

effects on mammary gland development) which have been identified as a sensitive 

endpoints for other PFAS.  

 

UFTotal = 1000 
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The RfD was derived from the HED of 1300 ng/kg/day (0.0013 mg/kg/day), which is based on a 

BMDL of 0.19 mg/kg/day, and the total UF of 1000 as follows: 

 

Reference Dose = 1300 ng/kg/day / 1000 = 1.3 ng/kg/day 

Fish consumption trigger levels 

Fish consumption trigger levels for daily consumption that are based on an RfD for non-

carcinogenic effects are developed with the following equation, as recommended by USEPA 

(2000): 

 

Daily trigger concentration (ng/g) = RfD (ng/kg/day) x 70 kg 

      227 g 

 

Where: Body weight = 70 kg 

  Meal size = 227 g 

 

For consumption triggers that are less frequent than daily (weekly, monthly, once every three 

months, yearly), the daily (unlimited) consumption triggers were multiplied for the appropriate 

timeframe (i.e., 7-fold for weekly, 30-fold for monthly, 91-fold for once every 3 months (i.e., 

four times per year), 365-fold for yearly).  

 

The equation shown above was used to develop triggers for PFUnDA, using the RfD of 1.3 

ng/kg/day presented above.  The consumption trigger for daily consumption is 0.40 ng/kg/day, 

and this value and the triggers for less frequent consumption are shown in Table 6.  New Jersey 

fish advisory triggers were also previously developed for PFOA, PFOS, and PFNA using this 

same approach (NJDEP, 2018). 

 

PFUnDA and other long-chain PFAS such as PFOS, PFNA, and PFOA cause developmental 

toxicity in laboratory animals.  In humans, the developing fetus and infant/young child are 

considered susceptible subpopulations for the developmental effects of these PFAS (DWQI, 

2015; DWQI, 2017; DWQI, 2018; USEPA, 2016a; USEPA, 2016c, USEPA, 2021c, USEPA, 

2021d). Because PFUnDA and other long-chain PFAS have long human half-lives (several 

years), body burdens remain elevated for many years after exposure ends.  Therefore, in women 

who have elevated body burdens when they become pregnant, these body burdens will remain 

elevated during pregnancy and lactation.  As discussed in the Biomonitoring section above, 

PFUnDA, like other long-chain PFAS, is present in human breast milk.  While numerical data 

are not available specifically for PFUnDA, serum levels of other long-chain PFAS in breast fed 

infants are higher than maternal serum levels and this is also be expected to be the case for 

PFUnDA.   
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For these reasons, it is not advisable for subgroups susceptible to developmental effects (i.e., 

pregnant and nursing women, young children, women of childbearing age) to receive large doses 

of PFUnDA or other long-chain PFAS, even if infrequent.  Therefore, consistent with the 

approach used for advisory triggers for PFOA, PFOS, and PFNA (NJDEP, 2018), the advisory 

triggers for PFUnDA for consumption "Once Every 3 Months" or "Yearly" are not considered to 

be protective for individuals in these high-risk groups.  For the general population (i.e., all others 

not in the high-risk group) these meal frequencies are allowed (Table 6). This approach has also 

been used for fish consumption advisories for other contaminants that cause developmental 

toxicity such as mercury and PCBs.  

 

Table 6. Fish Tissue Concentrations Triggering Consumption 

Advisories for the General Population and the High-Risk 

Population (ng/g; µg/kg; ppb) for PFUnDA  

Fish Advisory 

Consumption 

Frequency 

General 

Population 

High Risk 

Population 

Unlimited 

(based on daily) 
≤0.40* ≤0.40* 

Weekly 0.40 - 2.8 0.40 - 2.8 

Monthly >2.8 - 12.0 >2.8 - 12.0 

Once every 3 months** >12.0 - 36.5 Not applicable 

Yearly** >36.5 - 146 Not applicable 

Do not eat >146 >12.0 

These calculations are based on a meal size of 8 oz. (227 g), and a body 

weight of 70 kg.  

* The reporting level for PFUnDA in the NJDEP study of PFAS in fish 

(Goodrow et al., 2020) was 0.5 - 1 ng/g. 

** Advisories based on consumption frequency of "Once Every 3 

Months" or "Yearly" are not applicable to individuals in high-risk groups 

(pregnant and nursing women, young children, women of childbearing 

age).   

 

 

Discussion of uncertainties  

The RfD presented in this document is based on currently available information and is intended 

to be used only for development of non-regulatory fish consumption advisory triggers.  

Development of the RfD for PFUnDA required the use of several assumptions, particularly for 
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the toxicokinetic parameters used in the interspecies toxicokinetic adjustment.  If NJDEP 

considers development of regulatory standards for PFUnDA in the future, the Risk 

Subcommittee recommends that the basis for the RfD developed in this document be reevaluated 

to determine whether it is of sufficient certainty for regulatory use and that more recent scientific 

information that may have become available should be considered.   

The uncertainty factors applied in the development of the RfD are intended to account for 

uncertainties associated with the following uncertainties: inter-individual and interspecies 

susceptibility to the toxicity of PFUnDA; lack of data on chronic exposure; and potentially more 

sensitive toxicological effects.  Specific uncertainties associated with the RfD and fish 

consumption triggers for PFUnDA are discussed below.  

 

• There are no data on potential carcinogenic effects of PFUnDA. Chronic exposure to 

other PFAS, including PFOA, PFOS, and GenX, causes tumors in rats, but other long-

chain PFAS have not been tested for carcinogenicity.  Additionally, PFOA, a long chain-

PFCA structurally analogous to PFUnDA, is associated with several types of cancer in 

humans. The application of the database uncertainty factor is intended to account for the 

lack of data for non-carcinogenic effects that are potentially more sensitive than the 

critical effect for the RfD, but it does not account for lack of data on carcinogenicity 

 

• Without additional toxicological data from species other than the rat, it is not possible to 

definitively determine whether the RfD for PFUnDA is sufficiently protective.  Mice are 

more sensitive than rats to several PFAS including PFOA, PFNA, PFOS, and HFPO-DA 

(GenX), and this is potentially also the case for PFUnDA.  The interspecies uncertainty 

factor is intended to account for this uncertainty.  

 

• PFUnDA is detected in human breast milk, but no data on relationship between maternal 

exposure and breast milk concentration are available.  It is known that exposure to the 

infant through breast milk is greater than maternal exposure for other long-chain PFAS.  

Without information on maternal transfer of PFUnDA to breast milk, it is not possible to 

definitively determine whether the RfD for PFUnDA is sufficiently protective for 

maternal exposures resulting in potentially higher exposures to breast fed infants. 

 

• Uncertainties about the human relevance of effects observed in animals are inherent to all 

risk assessments based on animal data. As discussed above, the effects of PFUnDA 

observed in experimental animals are considered relevant to humans for the purposes of 

risk assessment.  

 

• Available information indicates that the toxicological effects of PFUnDA (e.g., liver 

toxicity, decreased offspring growth) are also common to other PFAS that are detected in 

recreationally caught fish in NJ, including PFOS and PFNA.  Therefore, toxicological 

interactions may occur when there is co-exposure to PFUnDA and these other PFAS 

through fish consumption. However, the potential for additive toxicity of PFUnDA and 



37 
 

other PFAS was not considered in the development of the fish consumption trigger levels 

for PFUnDA. 
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