
INSTRUCTIONS FOR STAFF WORKSHEET 
Contains a summary of available data and ongoing staff analysis 
Data and analysis are subject to change 

Last Revised: 5/3/17 

Perfluorooctanoic Acid 

Supplement to Original Review (completed on 12/07/2007) 

Re-Evaluation Focused on Key Studies Identified in [IS EPA 

Health Effects Support Documents Released May 2016 

Refer to original review worksheet {located at: \\Data3fb\eh~IRA\COMMON\Guidance - Water\To~ 

reviews-completed\Final\PFOA\PFOA 2007Review\PFOA Final Nov07.pdf) developed in 2007 for 

additional information 

CAS # 335-67-1(free acid) 
335-66-0 (acid fluoride) 

3825-26-1 (ammonium salt, APFO) 
2395-00-8 (potassium salt) 

335-93-3 (silver salt) 
335-95-5 (sodium salt) 

[Note: perfluorooctanoate anion does not have a specific CAS number.] 

Synonyms: PFOA 

IUPA C ham e (Pu b Ch enO: 
2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, Z 8, 8, 8-pentadecafluorooctanoic acid 

Chemical Formula: C8-H-F 15-02 

Structure 

Initial Primaw Re-Review 
(Partial) Final Prilnary Re-Review 
(Final) Final Re-Review 
Initial Secondary" Re-Review 
(partial) Final Re-Review 
(final) Final Secondary Re- 
Review 
lnitial Team Re-Review 
(partial) Final Re-Review 
(final) Final Secondary Re- 
Review 

JAJ 

Tox Team 

7/22/2016 
11/712016 

9/6/2016 
11/9/2016 

9/16/2016 
11/23/2016 
3/31/2017 

9/5/2016 
11/08/2016 

9/12/2016 
11/16/2016 

10/5/2016 
12/22/2016 
4/2012017 
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Current MDH Criteria: 

Acute nHRL (2009)* = Not iDerived (Insufficient Data) ** 

Short-term nHRL (2009)* - Not Derived (Insufficient Data)]** 

Subchronic n[ IRL (2009)* = Not Derived (h~sufficient Data)[** 

Chronic nHRL (2009)* = 0.3 ug/L (Development, Hepatic system, Imnmne system) 

* Values officially became HRLs (i.e., promnlgated into rule) in May 2009, however, the full review and values (as a~-IBVs) 
were finalized in Dec 2007. 

**Serum concentrations are the best dose-metric for extrapolating to hunmns. At the present time the i~fformation necessary 
to estimate less than chronic doses (i.e., acute, short-term or subchronic) that would result in a given serum concentration is 
not available. Additional uncertainty cxists regarding toxicoldnetics in early life. Therefore, acute, short-total and 
subchronic HRLs were not derived. 

MDH Health-Based Guidance Evaluation 
Perfluorooctanoic acid (PFOA) is a synthetic, fully fluorinated, organic acid used in a variety of consumer products 
and in the production of fluoropolymers and generated as a degradation product of other perfluorinated compounds. 
PFOA is one of a large group of perfluoroalkyl substances (PFASs) that are used to make products more resistant to 
stains, grease, and water. Major U.S. manufacturers voluntarily agreed to phase out production of PFOA by the end of 
2015. 

Because of strong carbon-fluorine bonds, PFOA is stable to metabolic and environmental degradation. Exposure to 
PFOA in the United States remains possible due to its legacy uses, existing and legacy uses on imported goods, 
degradation of precursors, and extremely high persistence in the environment and the human body. 

PFOA was selected for re-evaluation under the Contaminants of Emerging Concern (CEC) program because the US 
EPA recently published a new final Health Advisor (HA) (USEPA 2016b) along with a Health Effects Support 
Document (HESD) (USEPA 2016a) for PFOA which contain new information ,and more in-depth assessments (e.g., 
phannacokinetic modeling) of pre-existing studies. MDtt initiated a re-evaluation of the 2009 ttRL value to 
detemfine whether changes to this value are warranted. US EPA’s published docmnents include a comprehensive 
review of the toxicological literature. This comprehensive review will not be duplicated in the re-evaluation. Rather, 
the re-evaluation will focus on the key studies identified in US EPA’s risk response assessment. 

PFOA is a bioaccumulative chemical, with an average half-life of 2.3 years in humans. High, short-term exposures 
result in an internal body burden that can take several years to be eliminated from the body. Therefore, a single 
Health-based Value has been derived that is protective of short-term exposures such as bottle-fed and breast-fed 
infants as well as long-term exposures. 

Noncancer HBV = 0.035 ug/L (Developmental, Hepatic (liver), Immune, and Renal (kidney) systems) 
R~ (MDH 2017) 

Cancer cHBV = Not Applicable 
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Note: Table below is only a partial list andJbcuses on more recendy available gMdance values° 

0.07 ug/L Lifetime drinking (USEPA2016b) 5/19/2016 
water health Based on RfD derived from a developmental tox study in mice 
advisory (HA) (reduced ossification of proximal phalanges & accelerated puberty 

in male pups), RSC of 0.2, mad lactating women intake rate (0.054 
L!kg-d). HA is protective of short as well as lifetime exposure. 
A cancer-based value was also calculated (0.5 ug!L) but since it was 
greater than the noncancer value it was not used. 
[previous provisional HA was 0.4 ug/L (2009)] 

0.4 ugiL Draft Groundwater Alaska (August 22, 2015) personal communication from Ted Wu to 8/22/2015 
value Jimmy Seow. Based on US EPA 2014 draft toxicity values. 

0.4 ugiL Drinking water Delaware Dept of Resources and Environmental Control aci 
guideline value (USEPA 2016b) 

0.4 ugfL Provisional Illinois EPA aci (ASTSWMO 2015). Based on RfD from MDH. 
(Class I) Groundwater 

Rcmcdiation 
2 ugiL    Obj ectivc 

(Class II) 
0.06 ugiL Drinking water      Maine Department of Health and Human Services aci (ASTSWMO 

guideline value 2015) 
0.42 ugiL Drinking water Michigan Department of Environmental Quality 2011 aci (USEPA 

guideline value 2016b) 
0.04 ugiL Drinking water (New Jersey Department of Environmental Protection. 2007) 

guideline value Based on ~target’ human blood level of 0.018 mg!mL, total UF of 
100 (10A, 10H), DW-to-blood concentration factor of 100, and RSC 
of 0.2 

0.014 Draft Health-based (New Jersey Drinking Water Quality Institute 2016) health-based 
ug/L MCL MCL recommendation is based on target human serum level of 

0.0145 ugimL based on increase liver wt in mice. A total UF of 300 
(10H, 3A, 10DB) was applied. A clearance factor of 0.00014 was 
applied, resulting in an RfD of 2 ngikg-d (or 0.000002 mg/kg-d). 
The draft MCL is based on the RfD, 2 L/70 kg-d intake rate and an 
RSC of 0.2. Recommendation was finalized in March 2017. 
NJ also calculated a cancer slope factor of 0.021 per mgikg-d based 
on increascd incidcnce oftcsticular tumors. The hcalth-bascd MCL 
based on cancer effects @1 in a million lifetime cancer risk level is 
0.014 ug/I~ - same as the non cancer valu e. 

2 ugiL Drinking water North Carolina Division &Water Quality aci (United States 
guideline value Environmental Protection Agency (EPA) - Office of Water 2016b) 

Groundwater uscd (TCEQ 2016) 
0.29 ug!L as drinking water Based on RtO 0.000012 mg/kg-d 
0.02 ug/L Drinking water Vermont Agency of Natural Resources aci (United States 

guideline value Enviro~maental Protection Agency (EPA) - Office of Water 2016b) 
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5 ugiL 

50 ugiL 

0.2 ugfL 

0.3 ug/L 

0.3 ug/L 

>0.1-0.6 
ugiL 

>0.6-1.5 
ug/L 

>1.5-5.0 
ug/L 

5.0 ugiL 
0.5 ug/L 

0.09 ugiL 

enHealth interim 

Drinking water 
quality guideline 

Rccrcational watcr 
quality, guideline 
Drinking water 
screening value 
(2016a) & 
proposed Drinking 
Water Guideline 
(2016b) 

Drinking Water 
(and ground water 
used for drinking 
water) 

Lifelong 
prccautiona~ valuc 

Precautionary. 
Action Values 
(PAV) 

PAV10 

PAV3 

PAV1 

PAVo 

PAV for infants & 
pregnant women 

(Anstralian Health Protection Principal Committee. enHealth 2016) 
.h...i~.t.p.....[/..~3y.~F~.h...e..‘..a.~.t-..h.....As.~:g~v.au/~nvir~nm~nt/factsheets/D~cuments/p...f.. 

as-i nterim-health-values-ah ppc .pdf 
Based on TDI of 0.0015 mgikg-d 

(Hcatth Canada 2016a) Screening Value and draft proposed drinking 
water guideline (Health Canada 2016b). Draft document included 
calculation of a cancer based value of 30 ug/L Noncancer value 
based on POD~o_ of 0.000625 mg/kg-d (Perkins et al 2004 rat study) 
and composite UF of 25 resulting in a TDI of 0.000025 mgikg-d. 
The TDI was combined with a 0.2 RSC and 1.5L/70 kg - d to 
calculate proposed guideline. Documents are expected to be 
finalized in 2017. [previous (2010) Drinking Water Guidance Value 
for PFOA was 0.7 ug/L] 
(Danish Ministry of the Environment 2015) 
Based on TDI of 0.0001 mgikg-d, ~RSC’ of 0.1, and intake rate of 
0.03 Likg-d. Since tox profiles ofPFOS, PFOA and PFOSA arc 
similar COlnpliance with a composite drinking water quality criteria, 
i.e., addition of the concentration/limit value ratios should be kept 
<1. Water guidance for PFOS and PFOSA is 0.1 ug/L 

(Health. 2006) Drinking Water value - lifelong health tolerable 
guidance value fbr all populations groups (from 2003) 
PAVs tolerable for a maximum of 10 yrs, 3 yrs, 1 yrs, or immediate 
action. PVA is for composiw qfPFOA and PFOS. In addition, in 
accordance of the Drinking Water Ordinance, efforts are to be made, 
as expeditiously as possible and insofar as financial resources and 
the local circumstances allow, to reduce composite perfluorocarbon 
levels to less than the HPV (health-based precautionary value) of 0.1 
ggiL. 

(Sweden) Livsmedelsverket (2014), aci (Danish Ministq~ of the 
Environment 2015). 
A maximal tolerable level of 0.09 ggiL was derived for PFOS. 
As a precautionary, measure, the limit value of 0.09 ug/L was further 
applied for the sum of seven PFAS substances found in 
contaminated drinking water: Perfluoroctane sulfonate (PFOS); 
Perfluorhexane sulfbnate (PFHxS); Perfluorobutane sulfonate 
(PFBS); Perfluoroctanoic acid (PFOA); Perfluoroheptanoic acid 
(PFHpA); Pedluorohexanoic acid (PFHxA); and Perfluoropentanoic 
acid (PFPeA). 

6/2 9/2 016 

1/5/2007 
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0.3 ugiL Health Value (United Kingdom. Drinking Water lnspectorate 2007) 
Level 1 = 0.3 ug/L (consult local health professionals & monitor 

DW) 
Level 2 = 10 ugiL (Level I + put measures in place to reduce to 

below 10 ug/L) 
Lcvcl 3 = 90 ug/L (Lcvcl 1 + 2 + takc action to rcducc cxposurc wii 

7 days) 

0.00002 mgikg-d 

0.00002 mg/kg-d 

0.000006 mgikg-d 

0.0000153 mgikg-d 

0.000002 mg/kg-d 

0.021 per tng/kg-d 

0.0015 mg/kg-d 

focuses on more recenztj, released 

~ (2016) (USEPA 2016a) 5/49/2016 
Heal~ Effects Suppo~ Document for Pe~uorooctanoic 
Acid (PFOA) 

Dra~ inte~ediate (ATSDR 2015) 9/15/2015 
M~ ~p ://w~.atsdr. cdc .g~/~_~.f!~_~p_~.~:_p_~ 

Dra~ Toxicological Profile for PerfluoroNkyls. 
(Dra~ M~s wcrc derived based on non-hum~ pinnate stu@ 
Toxicological (it was felt that extrapolating from the rodent studies 
Review 2015) incuwed too much unce~ainty). BMDL10 for liver weight 

(Butenhoffet al 2002 study in lnonkeys) used to generate 
a HED POD of 0.00154 mg!kg-d Total UF 90 (3A, 10H, 
2 DB) resulted in inte~ediate M~ of 0.00002 mgikg-d 
(Prevention. 2014) 
Based on POD of 0.0018 mgNg-d (geometric mean of 6 
HEDs for liver effects) and tmal UF of 300 (3A, 10H, 
~0~) 

Nte~ediate ~ (Michigan Depament of Environmental Quality 2011) 
Based on LOAEL of 3 mgikg-d (monkey study by 
ButeN~offet al 2002). Adjusted for differences in half- 
litE = 0.046 lngikg-d. Divided by 3,000 total UF (3A, 

10H, 10L, 10S) 
DraR ~ (New Jersey Drinking Water Quality Institute 2016) draR 

target human serum level of 0.0145 ug/mL based on 
increase liver ,~ in mice. A total UF of 300 (10H, 3A, 
10DB) was applied. A clearance factor of 0.00014 was 
applicd, resulting in an ~D of 2 ngikg-d (or 0.000002 
mg/kg-d). 
NJ also calculated a cancer slope factor of 0.021 per 

Draft CSF mgNg-d based on increased incidence of testicular 
rumors. 

Interim TDI (Australian Health Protection Principal CommiRee 2016) 6/29/2016 
[adoptcd 2008 EFSA TDI] 

http:/iwww.health.nsw.gov.au/cnvironmentif~tshects~o 
cuments/pt~s-interim-healfl~-values-ah ppc. pdf 
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0.000025 mgikg-d 

0.0001 mgikg-d 

0.0015 mgikg-d 

Draft TDI 

TDI 

TDI 

(Health Canada 2016a) Screening Value and draft 
proposed drinking water guideline (Health Canada 
2016b). Draft document included calculation of a cancer 
based TDI of 0.003 mg/kg-d (resulting in DW guidance 
level of 30 ug/L), which was less conservative than the 
noncancer TDI. Noncancer value based on POD~,~,) of 
0.000625 mg/kg-d (Perkins et al 2004 rat study) and 
composite UF of 25 resulting in a TDI of 0.000025 
mg/kg-d. Doctmaents are expected to be finalized in 2017. 

[The previous Drinking Water Guidance Value of 0.7 
ug/L (Health Canada 2010) was based on HED of 
0.000077 mg!kg-d (based on monkey study by Butenhoff 
et al 2002 and serum level of 77 ug/mL @LOAEL)]. 
(Danish Ministry of the Environment 2015) 
Based on BMDL10 of 0.456 mg/kg-d from Palazzolo et al 
90 day rat study. Converted to HED of 0.003 mgikg-d by 
-142 factor for TK, UFA 3 and UFH of 10. 
(EFSA 2008) Administered dose NOAEL of 0.06 mgikg- 
d (subchronic study in rats) and administered dose 
BMDL10 from a number of rat and mouse studies of 0.3 - 
0.7 mg/kg-d. Admin dose BMDL10 value of 0.3 mg/kg-d 
was selected and an overall UF of 200 (10A, 10H, & 2 to 
compensate for uncertainties related to internal dose 
kinetics) resulted in a TDI of 0.0015 mgikg-d. 

6/30/2016 

6/2/2 016 

1/14/2009 

:. :~w~: -a-i~.,~-Ti]=~-~ -fi~..~ ~ ~ ? , ~ ~ ~ ~ 

Toxlcokinetlcs: 
Source: (USEPA 2016a) (See Chapter 2 for additional information) and (USEPA 2016b) as well as MDH 2007 review 
worksheet. 

NOTE: Toxicokineiw prqfiles and the underlying mechanism.for half-life d~fferences across species/L, enders are not 

completely understood, although many q/’the d~]&~nces appear to be related to elimination kinetics and 

¢bctors that control membrane uwnsport. 7b date, three trans~ortJbmilws appear to play a role in absorption, 

distribu#on, and excretion: o~2ganic anion transporters (OATsg, otkganic anion transporting polypeptides 

(()AlTOs), and multidrug resismnce-associated protein~ 

Absorption: Absorption data are available for oral, inhalation, and dermal exposure in laboratory, animals, and 
extensive data are available from humans demonstrating the presence of PFOA in serum. PFOA is 
moderately soluble in aqueous solutions and oleophobic (i.e., minimally soluble in body lipids), 
movcmcnt across the apical and basal mcmbranc surfaces of the lung, gastrointcstinal tract, and 
skin involves transporters or mechanisms other than simple diffusion across the lipid bilayer. As 
discussed above, them are throe transport families that appear to play a role (i.e., OATs, OATPs, 
and MRPs) in enterocytes in uptake of PFOA. Together they ftmction in the uptake of organic 
anions from gastrointestinal contents and transport of those anions into the portal blood supply. 

Based on animal data, PFOA is well absorbed following oral exposure, with several studies 
reporting >90% total absorbed. An inhalation study in rats resulted in measurable serum 
concentrations following repeated exposure demonstrating absorption of PFOA, however percent 
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absorption was not reported. There is evidence that PFOA is absorbed following dermal exposure. 
The results of in vilro percutaneous absorption studies of PFOA through rat and huma.n skin have 
been reported by Fasano et al 2005 and suggest only a small portion (1.44 _+ 1.13%) of the total 
AFPO applicd pcnctratcd through rat skin and a ncgligiblc amount (0.048 _+ 0.01%) pcnctratcd 
human skin after 48 hours. The calculated permeability’ coefficients were 3.25 ± 1.51 x 10-5 
centimeters per hour (era/h) m~d 9.49 ± 2.86 x 10.7 cmih in rat and humax~ skin, respectively. A 
dermal toxici~ study by Kennedy (1985) indicated that application of an aqueous paste of APFO 
could produce toxicity at high doses. 

Distribution: It has been suggested that PFOA circulates in the body by noncovalently binding to plasma 
proteins. Protein binding in plasma from cynomolgus monkcys, rats, and humans was cvaluatcd via 
in ~itro methods - rat, human, and monkey’ plasma proteins were able to bind 97-100% of the 
PFOA added at concentrations ranging from 1 to 500 ppm. Human serum albumin (HSA) carded 
the largest portion of the PFOA among the protein componems of human plasma. Serum albumin is 
a common carrier of hydrophobic materials in the blood, including short- and lnedium-chain fatty 
acids, thyroxine (T4), heme, inorganic ions, and some pharmaceuticals. Approximately 60% of the 
serum protein in humans and rats is albumin. A variety of measurements of the albuminiPFOA 
complex suggest a conformational change in the protein as a result of the PFOA binding as well. 

The binding of PFOA to hmnan TTR (thyroid hormone transport protein) has also been evaluated 
in vitro using a radioligand-binding assay. PFOA demonstrated a high binding affinity for TTR 
with 949 nmol, causing a 50% inhibition ofT4 binding to the TTR. lit also is possible that PFOA 
will display nonspecific binding to proteins within the cellular matrix as well as in the serum but 
little work has been done to investigate that probability. 

No clinical studies are available that examined tissue distribution in humans fbllowing 
administration of a controlled dose of PFOA However, samples collected in biomonitoring and 
epidemiology studies provide data showing distribution of PFOA within the body. 

The highest tissue concentrations are usually in the liver. Liver accumulation in males is greater 
than in females. Other tissues with a tendency to accumulate PFOA are the kidneys, lungs, heart, 
and nmscle, plus the testes in males and uterus in females. Post-mortem studies in humans have 
fbund PFOA in livcr, lungs, bonc, and kidncys, but only low lcvcls in brain. 

During pregmmcy, PFOA is present in the placenta and aanniotic fluid in both animals and humans. 
Post-deliveu, PFOA is transferred to offspring through lactation in a dose-related manner. 

MDHNotes: Publications by (Cation 2015), (Kim 201~), gLiu 2011), (Fromme 2010), and 

(Karrman 2007) indicate that levels’ in human cord blood/~’erum are typically ~90% of malernal 

serum concentrations and levels in breast milk are ~vpicaily ~5% of maternal serum 

concentrations. One study (t,)’omme 2010) also measured serum concentrations in mothers and 

breastfed infants’ at 6 months qfter delive~y and reported ~5-fold higher serum concentrations in 
infants than in their mothers. 

Metabolism: PFOA is stable to metabolic and environmental degradation because of strong carbon-fluorine 
bonds. It also is resistant to metabolic biotransformation. 

Elimination: Excretion data are available for oral exposure in humans and laboratory, animals. Several studies 
have investigated the elimination of PFOA in humans, Cynomolgus monkeys, and rats. In human 
females, elimination pathways include pregnancy (cord blood) and lactation (breast milk). 
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Elimination half-lives differ alnong species. There are also significant gender differences in 
humans and some laboratory animal species. Information from humans does not, at this time, 
provide sufficient data to detemline the magnitude of inter-individual and gender differences in 
excretory half-lives. The transporters appear to play an important role in renal excretion of PFOA 
and possibly its biliau elimination as well. 

Reported half-life in humans typically range from 2.3 - 3.8 years. Half-lives from animals 
included: monkeys (M/F 30/21 days); rats (M/F 11.5 days/3.4 hours); and lnice (M/F 27.1/15.6 
days). The gender difference between male and female rats is not seen in mice. Several studies 
have evaluated the impact of developmental age on gender differences in rats and found that PFOA 
plasma concentrations were 35-65-fold higher in males than in females at > 5 weeks of age but not 
at 4 weeks. It appears that maturation of the transport features responsible for the gender difference 
in elimination occurs between the ages of 3 and 5 weeks in the female rat ,and appears to be related 
to hormonal control. 

Dose level also impact excretion. Rigden et al (2015) evaluated urinaU levels of PFOA following 
doses of(), 10, 33 & 100 mg/kg-d for 3 days. The urinaiT levels at 33 and 100 mg/kg-d were 500 
and 3,200 times greater than at 10 mg/kg-d suggesting that there is a threshold limit on resorption 
(e.g., saturation of resorption). As a consequence, half-life for continuous low-dose exposure would 
be longer than for single or short-term high-dose exposures. 

Several studies evaluating the role of transporters in the kidnev tubules have been conducted. Most 
studies have examined the organic anion transporters (OATs) located in the proximal portion of the 
descending tubule. OATs a3e fotmd in other tissues as well ,and were discussed earlier for their role 
in absorption and distribution, h~ the kidney, they are responsible for delivery of organic anions, 
including a large number of medications from the serum into the kidney tubule for excretion as 
well as reabsorption of anions from the glomerular filtrate. The transporters are particularly 
important in excretion of PFOA because it binds to surfaces of sermn proteins (particularly 
albumin), ~vhich makes much of it unavailable for removal during glomerular filtration. Other 
transporter fanlilies believed to be involved in renal excretion are the OATPs and the nmltidrug 
resistance-associated proteins (MRPs). However, they have not been evaluated as extensively as 
the OATs for their role in renal excretion. 

Knowledge about specific OAT, OATP, and MRP transporters in the kidney is evolving. Studies to 
date regarding the gender specific elimination rates in rats indicate that female rats possess all 
active sccretory mechanism that male rats do not possess. Sex hormones were also observed to 
have all effect on elimination rates in rats. Male sex hormones (e.g., testosterone) appear to 
decrease the presence of OATs in the renal basolateral membranes while female sex hormones (e.g, 
estradiol) appear to increase the transporters. 

Much work remains to be done to explain the gender differences between male and female rats and 
to determine whether it is relevant to humans. Similarities are possible because the long half-life in 
humans suggcsts that they might bc more like the male rat than the female rat. Thcrc is a broad 
range of half-lives in human epidemiology studies suggesting a variability in the unbound fraction 
of PFOA in serum or in human transport capabilities resnlting from genetic variations in structures 
and consequemly in function. Genetic variations in human OATs and OATPs are described in a 
review by Zafr et al. (2008). 

MDH’s East Metro PFC biomonitofing project sampled a subset: of people living in the East Metro region 
who were connected to a contaminated public water supply (Nelson 2016). Treatment to remove PFCs was 
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added to thc PWS and voltmtccr participants had blood levels measured at three timc points: 2008, 2010 and 
2014: 
2008 - 14.9 u~iL geo mean (CI 12.9 - 17.3); 95*l~percentile 60 ugiL (range 1.6 - 117 ug/L) 
2010 - 11.2 ugiL geo mean (CI 9.7 - 13.1); 95’l~percentile 48.7 ugiL (range 0.94 - 110.5 ugiL) 
2014 - 5.5 ug/L geo mean (CI 4.6 - 6.4); 95~: percentile 26 ugiL (range <LOD - 47 ug/L) 

New Oakdale residents (N-156) were also sampled in 2014. Since these individuals did not have 
historical exposure to the contaminated water their serum samples may be representative of non- 
water exposures: 
2014 - 1.8 geo mean ugiL (CI 1.6-2.0); 951h percentile 5 ugiL (range 0.17-8.1). 

Personal cormnunication with Deanna Scher re: FDL study indicated lower levels in this population 
compared to East Metro 2014 levels (and the 2011-2012 NHANES levels). 

NHANES biomonitoring data - The CDC’s Fourth National Report on Human Exposure to Envimlunemal 
Chemicals (CDC 2009) included exposure data for PFOA from 2003 to 2004 collected by NHANES. PFOA 
was detected in a high percentage of the general U.S. population. Since that time, the CDC has issued 
several updates to the tables. The most recent update was released in 2017(CDC 2017): 

Geometric mean ug/L (95’~’% CI) and 95m Percentile ugiL (95h% CI) from 1999 through 2014 were: 

1999 - 2000:5.21 (4.72-5.74) and 11.9 (10.9-13.5) u~jL 
2003-2004:3.95 (3.65-4.27) and 9.80 (7.40-14.1) 
2005-2006:3.92 (3.48-4.42) and 11.3 (8.80-14.5) 
2007-2008:4.12 (4.01-4.24) and 9.60 (8.90-10.1) 
2009-2010:3.07 (2.81-3.36) and 7.50 (6.20-9.70) 
2011-2012: : 2.08 (1.95-2.22) and 5.68 (5.02-6.49) 
2013-2014:1.94 (1.76-2.14) and 5.57 (4.60-6.27) 

Taken together, the data suggest that PFOA concentrations in human serum in the U.S. declined between 
1999 and 2012. Over the course of the study, the geometric mean concentration of PFOA in human serum 
decreased from 5.21 ~giL to 2.08 bt "giL and the 95th percentile concentration decreased from 11.9 ~tgiL to 
5.68 ~L. During this time, there has been a major reduction in environmental emissions by the 
manufacturers as well as a phase-out of production of C-8 compounds in the United States. 

Toxicodynamics: 
Source: (USEPA 2016a) (See Chapter 2 for additional information) and (USEPA 2016b) as well as MDH 2007 review 
worksheet. 

Mode/Mechanism 
of Action 

Information: 

Noncancer Effects - 
Since PFOA is metabolically stable it is the toxicity of the parent compound that is of concern. 

iHuman epidemiology data report associations between PFOA exposure and high cholesterol, 
increased liver enzymes, decreased vaccination response, thyroid disorders, pregnancy-induced 
hypertension and preeclampsia, and cancer (testicular and kidney). Epidemiology studies 
examined workers at PFOA production plants, a high-exposure community population near a 
production plant in the United States (i.e., the C8 cohort), and members of the general 
population in the United States, Europe, and Asia. 

For PFOA, oral animal studies of short-term subchronic and chronic duration are available in 
multiple species including monkeys, rats, and mice. These studies report developmemal effects, 
liver and kidney toxicity, immune effects, and cancer (liver, testicular, and pancreatic). 
Dcvclopmcntal cffccts obscrvcd in animals includc dccrcascd survival, dclaycd cyc opcning and 
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reduced ossification, skeletal defects, altered tinting of on-set of puberty, and altered lnamlnary 
gland development. 

Because of its impact on cellular receptors and proteins, PFOA possesses the ability to impact 
the biotransformation of dietary constituents, intermediate metabolites, and other xenobiotic 
chemicals by altering enzyme activities and transport kinetics. PFOA is known to activate 
PPAR pathways by incrcasing transcription of mitochondrial and pcroxisomal lipid mctabolism, 
sterol, and bile acid biosynthesis and retinol lnetabolism genes. Based on transcriptional 
activation of many genes in PPARcz-null mice, however, indicate fl~at it also can activate 
CAR, FXK and PXR and metabolic activities linked to these nuclear receptors. 

Cancer Effects - 
Under EPA’s Guidelines for Carcinogen Risk Assessment (USEPA 2005a), there is "suggestive 
cvidcncc of carcinogcnic potcntial" for PFOA. Epidcmiology studics dcmonstratc an association 
of serum PFOA with kidney and testicular tumors among highly exposed members of the 
general population. Two chronic bioassays of PFOA support a positive finding for its ability- to 
be tumorigenic in one or more organs of male rats, including the liver, testes, and pancreas. [The 
half-life in,female rats’ is very short so it is possible that carcinogenic potential in female has not 
adequately been tested. No cancer bioassays are available in other species. ~ 
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Supplement to Original Review- Completed on 12/10/2007. 

Table 6-A1. Study Summary of Key Studies Considered for RfD Derivation 

Sources: (USEPA 2016a) [See Section 3.1] [reviewed by 2~DH epi sm[f no suggesCed edi/~J 

Epidemiology studies of effects of PFOA have been conducted in three types of populmions: 
workers exposed in chemical plants producing or using PFOA (-~serum concentration range of 0.010 > 2.0 (means around 1 4 gg/mL), 
high-exposure communities (i.e., an area in West Virginia and Ohio that experienced water contmniuation over a period of more than 20 
years) (,-serum concentration range 0.010-0.100 pgimL), and 
general population studies with background exposures (-serum concentration range below. LOD to < 0.010 btg/mL). 

Although moderate-to-high correlations between PFOA and PFOS are often seen in general populations (r > 0.5), the correlation is lower in the West 
Virginia and Ohio high-exposure area (r-0.3). In evaluating and synthesizing results from these studies, it is important to consider differences in the 
exposure range within the study population and the exposure level within the referent group, as differences (or inconsistencies) can be expected 
depending on the shape of the exposure-response curve and the exposure range encompassed by different studies. In addition, the optimal choice of 
an exposure metric (e.g., cumulative or a time-specific) depends on the specific outcome being examined. Health outcomes assessed include blood 
lipid and clinical chemistry- profiles, thyroid effects, diabetes, immune function, birth and fetal and developmental growth measures, and cancer. 

Serum #pids 
The association between PFOA and serum lipids has been examined in several studies in different populations. Cross-sectional and longitudinal 
studies in occupational settings and in the high-exposure community (the C8 Health Project study population) generally observed positive 
associations between serum PFOA and total cholesterol (TC) in adults and children (aged 1-< 18 yrs); most of these effect estimates were 
statistically significant. Although exceptions to this pattern are present (e.g., some of the analyses examining incidence of self-reported high 
cholesterol based on medication use, the results are relatively consistent and robust. Similar associations were seen in analyses of LDL, bm were not 
seen with HDL. The range of exposure in occupational studies is large (with means vaodng between 0.4 and > 12 btg/mL), and the mean serum levels 
in the C8 population studies were around 0.08 ~tg/mL. Positive associations betaveen serum PFOA and TC (i.e., increasing lipid level with increasing 
PFOA) were observed in most of the general population studies at mean exposure levels of 0.002-0.007 gg/mL. The interpretation of results for these 
general population studies is limited, however, by the moderately strong correlations (Spearman r > 0.6) and similarity in results seen for PFOS and 
PFOA. Additionally, many of the C8 studies do not appear to have controlled for the impact of diet on serum lipids. 

Liver disease and liver function - 

Few studies of the relationship bet~veen PFOA and liver disease are available, but the C8 Health Project did not observe associations with hepatitis, 

fatty liver disease, or other types of liver disease. In the studies of PFOA exposure and liver enzymes (measured in serum), positive ,associations were 

seen. The results of the occupational studies provide evidence of an association with increases in serum AST, ALT, and GGT, with the most 

consistent results seen for ALT. The associations were not large and might depend on the covariates in the models, including BMI, use of lipid 
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lowering medications, and triglycerides. Two population-based studies of highly exposed residents in contanfinated regions near a fluorochemical 
industry in West Virginia have evaluated associations with liver enzymes, and the larger of the two studies reported associations of increasing serum 
In ALT and In GGT levels with increasing serum PFOA concentrations. A cross sectional analysis of data from the NHANES, representative of the 
U.S. national population, also found associations with in PFOA concentration with increasing serum ALT and in GGT levels. Serum bilirubin was 
inversely associated with serum PFOA in the occupational studies. A U-shaped exposure-response pattern for serum bilirubin was observed among 
the participants in the C8 Health Project, which might explain the inverse associations reported for occupational cohorts. Overall, an association of 
serum PFOA concentration with elevations in serum levels of ALT and GGT has been consistently obselwed in occupational, highly exposed 
residential communities, and the US. general population. The associations are not large in magnitude, but indicate the potential of PFOA to affect 
liver function. 

[t1~lmune j~,lnction -- 

Associations between prenatal, childhood, or adult PFOA exposure and risk of infectious diseases (as a marker of immune suppression) have not 
been consistently seen, although there was some indication of effect modification by gender (i.e., associations seen in female children but not in male 
children). Three staadies have examined associations between maternal and!or child serum PFOA levels and vaccine response (measured by antibody 
levels) in children (meaan 0.004 ugimL) and in adults (mean 0.032 ugimL). The study in adults was part of the high-exposure community C8 Health 
Project. A reduced antibody response to one of the three influenza strains tested after subjects received the flu vaccine was seen with increasing levels 
of serum PFOA; these results were not seen with PFOS. The studies in children were conducted in general populations in Norway and in the Faroe 
Islands. Decreased vaccine response in relation to PFOA levels was seen in these studies, but similar results also were seen with correlated PFASs 
(e.g., PFOS). 

/Note: NTP recently completed a drali monograph (NTP 2016a) regarding the immunotoxici& associated with e~qoosure to PFOA and !’I,OX A peer 

review mee~ng was held July 19, 2016. The panel agreed that: 

The scient~c evMencejbr suppression oj’lhe amibody responsej?om experimental animal studies and human studies ~fPF()A support a 

Mgh and moderate level Qf evMence, respectively. 

3(oderate level qfevMence ~n experimental animal studiesjbr increased hypersensitiv~&-relaled outcomes, and low level qfevidence in 

humans. [;Note draft mo~ograph kad proposed high level of eWdence for experimental anm~als but fol!owing peer review d~scussion this 

was changed to mode~¢Jte.] 

7~e drq[~ monog~vph was ftna!ized in September 2016 ~VT’P 20I 6a) 

Thyroid - 
Three large studies provide support for an association between PFOA exposure and incidence or prevalence of thyroid disease in ~vonren or children 
with background exposure (mean 0.026 - 0.123 ug/mL), but not in men. In addition, associations between PFOA and TSH were seen in pregnant 
females with anti-TPO antibodies, ha contrast, generally null associations were found between PFOA and TStt in people who had not been diagnosed 
with thyroid disease. 

Diabetes - 

Draft Document - for review a~ discussion purposes only. Draft document does not constitute Agency policy 
PFOA- 13 of 92 

2475.0013 
STATE_07438016 



No associations were observed between serum PFOA levels and type II diabetes incidence rate in general or worker populations with mean serum 
PFOA up to 0.0913-0.113 gg/mL. PFOA was not associated with measures of metabolic syndrome in adolescents or adults. However, one study 
found an increased risk for developing gestational diabetes in females with mean serum PFOA (measured preconception) of 0.00394 gg/mL. 

Fertility, pregnancy, and birth oulcomes 
There are no occupational exposure or general population studies examining pregnancy-related hypertension and preeclampsia in relation to PFOA 
exposure. The only data available come from the high-exposure C8 Health Prqiect study population. Several studies, using different designs and 
exposure measures, have examined that ontcome in this population. There is a progressively greater refinement and reduction in misclassification (or 
cxposurc and outcome) among this set of studics. Each ofthc studies provides some evidence of mr association between PFOA cxposurc and risk of 
pregnancy-induced hypertension or prccclampsia (0.01 - 0.02 ug/mL), with the most robust findings from the methodologically strongest study. 

The association between PFOA and birth weight was examined in numerous studies. Most studies measured PFOA using maternal blood samples 
taken in the second or third trimester or in cord blood samples. Studies on the high-exposure C8 community population did not observe associations 
between PFOA and either birth weight among term births or the risk of low birth weight among all (singleton) births. In contrast, several analyses of 
general populations indicate a negative association between PFOA levels and birth weight, while others did not attain statistical significance. A meta- 
analysis of many of these studies fotmd a mean birth weight reduction of 19 g (95% CI: -30, -9) per each one unit (ng!mL) increase in maternal or 
cord seruln PFOA levels. It has been suggested that GFR can impact birth weight. A recta-analysis based on PBPK simulations fotmd that some of 
the association reported between PFOA mad birth weight is attributable to GFR mad that the actual association could be closer to a 7-g reduction (95% 
CI: -8, -6). Vetoer et al. (2015) showed that, in individuals with low GFR, there arc increased levels of seruln PFOA and lower birth weights. While 
there is some uncertainty in the interpretation of the observed association between PFOA and birth weight given the potential impact of low GFR, the 
available information indicates that the association between PFOA exposure and birth weight for the general population cannot be ruled out. In 
humans with low GFR (which includes t~males with pregnancy-induced hypertension or preeclampsia), the impact on body weight is likely due to a 
combination of the low GFR and the serum PFOA. 

Two studies examined development of puberty in females in relation to prenatal exposure to PFOA as measured through maternal or cord blood 
samples in follow-up of pregnancy cohorts conducted in England. The results of these two studies are conflicting, with no association (or possible 
indication of an earlier menarche seen with higher PFOA) in one study, and a later menarche seen with higher PFOA in the second study. Another 
study examined PFOA exposure measured concurrently with the assessment of pubertal status. An association between later age at menarche and 
higher PFOA levels was observed, but the interpretation of this finding is complicated by the potential effect of puberty on the exposure biomarker 
levels (i.e., reverse causality). 

Studies found a positive association with ADHD in children in the highly exposed community and the general population. No other behavior 
endpoints in children were associated with maternal PFOA levels in either population. Limited data suggest a correlation between higher PFOA 
levels (>0.02 gg/mL) in females and decreases in fecundity and fertility, but there are no clear effects of PFOA on male fertility endpoints (0.0035 
0.005 gg/mL). 

C8 Science Panel conclusions 
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As part of the C8 Health Project, the C8 Science Panel used epidemiological and other data available to them to assess probable links between PFOA 
exposure and disease. Analyses conducted by the C8 Science Panel used historical serum PFOA estimates over time, which were developed based on 
estimated intake of contaminated drinking water. The panel concluded that a probable link existed between PFOA exposure and ulcerative colitis, 
high cholesterol, pregnancy-induced hypertension, and thyroid disease. 

The C8 Science Panel found no probable link between PFOA exposure and multiple other conditions, including birth defects, other autoimmune 
diseases (e.g., rheumatoid arthritis, lupus, type 1 diabetes, Crolm’s disease, MS), Upe II diabetes, high blood pressure, corona~" arte~ disease, 
infectious disease, liver disease, Parkinson’s disease, osteoarthritis, neurodevelopmental disorders in children (e.g., ADHD, learning disabilities), 
miscarriage or stillbirth, chronic kidney disease, stroke, asthma or COPD, and preterm birth or low birth weight. 

Evidence of carcinogenic effects of PFOA in epidemiology studies is based on studies of kidney and testicular cancer. These cancers have relatively 
high 5-year survival rates of 73% for kidney cancer and 95% for testicular cancer (based on National Cancer Institute [NCI] Surveillance, 
Epidemiology, and End Results data for 2005-2011). Thus studies that examine cancer incidence are particularly useful for these types of cancer. The 
high-exposure conununity studies also have the advantage for testicular cancer of including the age period of greatest risk, as the median age at 
diagnosis is 33 years. The two occupational cohorts in Minnesota and West Virginia do not support an increased risk of these cancers, but each of 
them is limited by a small number of observed deaths and incident cases. Two studies involving members of the C8 Health Project showed a positive 
association between PFOA levels (mean at enrolhnent of 0.024 ~tgilnL) and kidney and testicular cancers. There is some overlap in the cases included 
in these studies. None of the general population studies examined kidney or testicular c~mcer, but no associations were found in the general 
population between mean serum PFOA levels up to 0.0866 ggimL and colorectal, breast, prostate, bladder, or liver cancer. As part of the C8 Health 
Prqj ect, the C8 Science Panel concluded that a probable link existed between PFOA exposure mad testicular and kidney cancer. 

A group of independent toxicologists and epidelniologists critically reviewed the epidemiological evidence for cancer based on 18 studies of 
occupational exposure to PFOA and general population exposure with or without co-exposure to PFOS. The project was funded by 3M, but the 
company was not involved in the preparation or approval of the report. The authors evaluated the published studies based on the study design, 
subjects, exposure assessment, outcome assessment, control for confounding, and sources of bias. They followed the Bradford Hill guidelines on the 
strength of the association, consistency, plausibility, and biological gradient in reaching their conclusion. They found a lack of concordance between 
colnmunity exposures and occupational exposures one or two magnitudes higher than those for the general population. The discrepant findings across 
the study populations were described as likely due to chance, confounding, and/or bias (Chang et al. 2014). 

PFOA is a bioaccumulative compound and the most appropriate dose-metric regardless of duration is average serum concentration% 
Therefore a single study summary tame is provided below rather than one table for each duration. The contents of the table below focuses 
on the key endpoints mad studies largely identified in the US EPA Health Advisory (l-k&) and Health Effects Support Documem (HESD) Released 
May 2016. For additional infornaation regarding MDH’s previous assessment refer to review worksheet from 2007. "II~e studies included in EPA’s 
HESD and HE were determined by EPA to provide the most current and comprehensive description of the to~cological properties of PFOA mad 
the ri sk it poses to humans through drinki ng water. From these studies, those that presented serum data mnenable fbr modeling (i.e., determination 
of HEDs) were selected *br dose-response analysis. The resulting subset of studies is lirnited because of the need to have dose and species-specific 
serum values ti)r model input, as well as exposure duratious of sufl]cieut length to achieve values near to steady-state projections or applicable to 
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developmental endpoints with lit)time consequences following short4erm exposures. The pharl~3acokinetically modeled average serum values 
from the animal studies are restricted to the anmial species selected for their low-dose response to oral PFOA intake. Additional studies have been 
incl uded by MDH i f they provided in:formation on additional endpomts of interest. 

* EPA used a peer-reviewed pharn~acokinetic model developed by (Wambaugh 2013) to calc~flate lhe average serum concentrations associated with the 
candidal,e NOAELs and LOAELs from the toxicological daI~base. Average serum levels of PFOA from ~t~c model were used 1~) determine the HED associated 
with tim study NOAEL a~d LOAEL. Wambaugh et al. (2013) used a model based on ~lm A~derse~ et a]. (2006) concept ~hat saturable fermi msog~fion is 
responsible fbr the long serum hN~=lives seen in hunmns and animals. A nnique i~at~c of the ptmrmacokinefic approach i~ the use of a single model fbr lira throe 
species and reliance on the serum PFOA level as the measure of exposure. For each species, the nmdel acconmmda{ed the appropriate to~coMnefic variables l~r 
the species/strain. The pkm~cokmetic anab.sis *i~cili~ted exmm~u~tion Ibr co~istency in fl~e average serum valnes associated with effect and no-effect doses 
from the anna1PFOA studies. A no~erarcNcal model for parameter vanes was assnmed wherein a si@e mm~efic value represeNed Nl individuals of the 
same species, gender, and strain. Body weight, tl~e number of doses, m~d nmg~tude of rite doses were the otfly parameters tlmt varied. 

Study Description - 
du ration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Admin Dose 
(mg~kg/d) 

[ave serum 
concenl# 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Study PODrlrD 
(mg/kg/d)~ 

UF~ Candidate 
RiD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

2-Gen Garage Study - 
Sprague-Dm~-ley Rats 

(F0 30/sev’dose; F1 
60isex/grp) 

F0 - dosed 10 wks 
prior to mating & until 

sac (M after mating; F 
after weaning) 
Stndy duration 84 

days (FO M) 

F1 - in utero, 
lactation, & through 

0, 1,3, 10 or30 
Sexually mature 
PTs have very short 

half-life. As a 
re.sult serum 

measured f!~al 

10 & 30 mg&g-d 

were 0.37 & 1.02 
ug/mL) and more 

episodic. As a 

result uli#& qf 

deve h)pmen 

F0 - Females: no effects 

F0 - Males 

>_ 45.9 ug/mL - q" rel liv wt (Ms - 21,47, 61, 

& 84%, p<0.01): ~" rel kidney wt (Ms - 

16-117, 22-23, 21-22, 23-27%, p<0 01)# 

[Note: hL~tological assessment does not 

appear lo have been conducWd] 

~ 101.2 ngknL - + BW (7, 12, & 26%, p<0.01); 
]" mean rel to bw food consumption (Ms- 

105,110 & 118% of controls) 
> 171.1 ugknL - Tthickaaess & prominence of 

the zona glomerulosa & vacuolation in the 
cells of the adrenal cortex (Ms 2/10 & 

7/’10) 

F0 & F1 (adul0 
Ms 
NA 

EPA NOAEL 

45.9 ug!mL 

EPA LOAEL 

based on ~bBW 
& ~" rel kidney 

300 

(3A, 
10H, 

IOL) 
EPA 

i 0.00002 
~EPA 

(Butenhoff 
2004a) aa~d act 
EPA 2016a 

#[EPA indicates 

&at q"/adn<v wts 

at lower doses 

can be regarded 

as adaptive 

response to 

transport 
challenge, 

however no 

supporting 
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Study Description - 

duration, route/ 
vehicle, species/ 

strain, age at dosing, 
N/sex/group, etc. 
mating for Ms & 

weaning for Fs. 
Study duration 16 wks 
(M) (112 days); 10 

wks (F) (70 da)s) 

F2 - through PND22 

Admin Dose 
(m~k~d) 
[ave ser[ull 

concerti# 

studies in rats are 

limited 

Predicted AUC 

ug/mL*h 

92500, 204000, 

345000, & 412000 
mg/L-h (EPA 

2016a Table 4-3) 

Average serum 

concentration = 
predicted M AU C 

ug/mL-hr/(84 d x 

24 hr/d) 

45.9 ugknL 
101.2 
171.1 
204.4 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

204.4 ug/mL - sac of 1M @day 45 duc to 
adverse clinical signs; clinical signs in 
other Ms including dehydration, urine- 
stained abdonfinal fur, & ungroomed coat; 
~ absol food consumption @91% of 
controls) 

¯ IDH B~gfD modeling: 
FO M B W @te~w#nation (Bk/IDL/BMD) 

75. 6/8 Z 2 ug/mL (B~o) lowest value but 

modeling ident{fied as "questionable ". 

FO M rel right kidney wt @ termina#on 

(BAlm) 6.56/16.0 ug/mL 

FO M tel #vet wt @ termina~on ~MR~o) 
models unusable or questionable (lowest 

vahws ] 6. 5~20. 4 ug~mL) 

F1 - pups !remember F rats very short t/:J 
Highest dose grp - -,~mean pup wt/litter (~8- 

9.5%) J" mortal@~ shortly after weaning; 
delayed sexual maturation (Ms ave 3.7 
days & Fs ave 1.7 days longer) 

F1 - adult offspring 
>_ 45.9 ugknL - 4 BW (Ms @termination 6, 6, 

11, & 22%); " absol & tel (Ms 20, 40, 53, 
& 76%) liver wts (Ms); ]" tel kidney wt 
(Ms - 11-13, 18-19, 17, & 16-17%) 

>_ 101.2 ugknL - discolored axeas in liver (Ms 
6/’60, 10/60, & 9/60), diffuse hepatocellular 
hypertrophy & scattered incidence of 
focal-to-multifocal necrosis & 
inflammation in liver (Ms); ~, absol & rel 
pituita~ wt (no histological changes) 

Study PODH~D 

(m~k~/d)~ 

[NOAEL!LOAE 
L~m> NA/0.0064 
mg/kg-d] 

F0 Males 
6.56 (F0) ug/mL 

Ms 

MDH BMDL 

16.0 (F0) ug!mL 
Ms 

MDH BMD 
based on "[’ rel 

kidncy wt 

[F0 
NOAEL/LOAE 

0.00092/0.0022 
mg/kg-d] 

F1 pups 
171.1 ug/mI_, 

EPA NOAEL 

204.4 ug/mL 
EPA LOAEL 

based on ,bpup 
BW& T 

number of dead 
pups 

UF2 i Candidate 
~ RfD 

mg/kg-d 

30 i 0.00003 l 
(3A, i MDH 

MDH i compa~qso 

i n purposes 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Reported details of 
male repro orgox~ 
histology from above 
study 

Admin Dose 

(m~kF_Jd) 
[ave serHlll 

concen]# 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

> 171.1 ug/mL - ~, absol tbod intake but rel 
food consump signif ]" (Ms) 

204.4 ug/mL - ~" incidence of urine-stained 
abdominal fur, abdominal distention; 
hypertrophy & vacuolation of the zona 
glomcrsulosa of the adrenal gland (7/10); 
motor activ@" (Ms); ~, BW!BWG (Fs) 
during cohabitation; T ave number of 
estrous stages (5.4 vs 4.7 per 21 days) but 
upon further evaluation fbund not to be 
signif different 

MDII BII/ID modeling of adu# F1 A4ales: 

FI MBW@te~mation (BMR~o) 90.0/1!1 
ug:~mL but mode#ng identified as 

Questionab#. 
F1 M rel right kidney wt @ termination 

(B~¢o) !9. 7/~5.3 u,~/mL 

F1 M rel #ver wt @ te~vnina#on (B~4R~o) all 
models unusable (lowest values ] 6. 9/2 {. 
ug/mL) 

F2 Pups [remember F rats’ vety short t~] - 

101.2 & 171.1 ug/mL - ’]" mortali~~ PND1 but 

independent stats analysis by EPA found 

no differences btwn grps. 

Note: pups were killed at weaning, therejbre 

post-weaning effects observed m F1 were not 

evaluated 

No evidence of altered testicular and sperm 
structure & function trt F0 rats w/mean grp 
serum concen of up to ~45 gg/mL. Significant 
dose-related ~" in seminal vesicle wt (p<0.05) 

Study PODH~I) 

(m~kR/d)~ 

[ Sel%lnl concerti~I 

*MDH notes" 

Ihat gwen the 

very short half- 

life in female 
rats this animal 

model may not 

be adequaW to 

assess 

developmental 

toxicl~’ 

F2 
204.4 

ug/mL/NA 

EPA 
NOAEL/LOAE 

L 
*see MDH note 
abo~ 

Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

York et al 2010 
aci EPA 2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Neurodevelopmental 

dietary study - 
C57BL!6~q3kl 

pregnant mice 

6/grp 
Exposed GD1 to end 
of pregnancy. 

The behavior of the 
weaned offspring ~vas 

analyzed in 

locomotor, circadian 
activit.v, elevated plus 

maze, and forced 
swim tests at 5-8 
weeks of age. Muscle 

strength and motor 

coordination tests 
were given at 3-4 
mons of agc. 

Admin Dose 

(m~k~d) 
[ave SelHlll 

concert]# 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Study PODdeD 

(m~k~/d)~ 

[ Sel%lnl concert]# 

wi & w/o fluid in F1 Ms, but fcrtilib~ of trt Ms 
in all generations comparable to the controls. 

0 or 0.3 Locomotor activity, anxiet.--related behavior, 

depression-like behavior, or muscle strength 

were not altered in offspring. In circadian 
activity, tests, M offspring were significantly 

more active (p = 0.013) & F offspring were 
significantly less active (p - 0.036) than 

control offspring during the first hour of the 

test. 

Trted M offspring were significantly more 

active (p<0.05) thala controls from the dark 
phase of day 1 through the dark phase day 2. 

Both M & F trt offspring had signifless 
inactive periods (p<0.05) during the light phase 
compaxed to their respective controls. In the 

accelerating rotarod test, trted F offspring 
e~fibited 4, fall latency over the four trials 

compared to control Fs, but no eff}ct of trt was 

observed in M offspring. 

Authors concluded that prenatal exposure to 

0.3 rag&g/day resulted m gender-related 

postnatal alterations in off!~pring behm,ior & 

motor fraction at 3 4 marts qf age. 

UF2 i Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

Onishchenko et 

al 2011 aci EPA 

2016a 
(=’otTcet71s ; 

small nmnber of 

animah" Jbr 
neurological 

assessment, not 
clear 

controlled fat; 
mice were housed 

3-4/cage this 

can impact 

behm,ioz and 
single close g~T 

prohibits fitH 

dose response 

evalua#on. 
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Study Description - 

duration, route/ 
vehicle, species/ 

strain, age at dosing, 

N/sex/group, etc. 

Admin Dose 

(m~k~d) 
[ave serHHl 

concen]# 

Study PODHED 

(m~k~/d)~ 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

UF2 i Candidate 
RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Admin Dose 

(m~k~d) 
[ave serHHl 

concen]# 

Study PODHED 

(m~k~/d)~ 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

[serulll coF!cen]# 

UF2 i Candidate 
RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

Developmental 0, 1, 5, or 10 Maternal Maternal- (YaJlia 2010) and 
garage study - ICR mg/kg-d >_1 (admin dose) - ]’rel maternal liver (35", NA aci EPA 2016a 
mice 115", & 185**%) & kidney (16"*, 14.5", NOAEL 

& 27**%) wt; hepatic hypertrophy; renal 
cells in outer medullar & proximal tubule 

Draft Document - for review a~l discussion purposes o~fly. Draft document does not constitute Agency policy 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Dosed on GD0-17 

(prenatal study, N-5-9 

dams/grp) 
Dosed GD0-18 
(posmatal study, N-5 

dams/grp) 

Pups only assessed 

until PND4 

Developmental 

Garage Study- 
Pregnant CD-1 Mice 

(N-10/grp) 

Treated GD11-16 

Admin Dose 

(m~k~d) 
[ave serufll 

eoneen]# 

0,2, 10or25 
mg/kg -d 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

were slightly hypertrophic (no incidcnce 
data or dose-response data); ]" BUN (27.8", 
25.4 & 20.5 vs control 22.6 - no cle~ dose 
response) & phosphorus (no clear dose 
response) 

>_5 (admin dose) - ~,matemal BW (12" & 
17**%); ]’absol maternal liver wt, ;total 
scram protein (15 * & 22**%) & globulin 
(22** & 32**%); ~’AST (311 & 813**%), 
ALT (150 & 372**%), & ALP (32 & 
296**%); ; albumin (11 & 15*%), 
triglycerides (47 & 82**%), phospholipids 
(10 & 33*%), TC (8 & 32*%),& free fatty 
acids (34 & 44*%); 

10 (admha dose) - ,~ GGT; delayed parturition 
w/~58% of all pups born stillborn ,and 
death occtming w!i 6 hrs of birth in 
remaining pups. 

Developmental 
>_5 (admin dose) - ,blive fetal birth wt (9.5** & 

28**%); lpup BW (8** & 29**%); ~ 
survival on PND4 (84.4** & 0**%); 
q’incidence cleft sternum, reduced 
phalanges ossification, & delayed eruption 
of incisors [all starts signif at next dose 
level up] 

>--2 (admin dose) ;placental ~, T incidence 

of resorption & dead fetuses; post- 
implantation loss 8.83, 30.98 & 55.41% 

compared to 3.87% in controls; parietal & 

S-TGC & GlyT cell fi~equency in the 

Study POD~D 

(m~k~/d)~ 

[sertlnl COl]cen]# 

1 mg/kg-d 

(admin dose) 
LO AEL 

Developmental 

1 mg/kg-d 

(admin dose) 
NOAEL 

5 mg/kg-d 

(admin dose) 
LOAEL based 

on -,b pup BW 

& survival 

NA 
NOAEL 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Dams wcrc sac’d on 

GD 16 

Targeted 

Developmental 
Garage Study- 

Pregnant CD-1 Mice 

N=17-21 dams/dose 
Animals dosed GD1- 

17 

Focused assessment of 

liver effects. 
Only F pups assessed 

after weaning. 
Impact of high fat diet 

(HFD) was also 
assessed - 
On PND35 offspring 

were placed on HFD 

with 60% kcal% fat or 

Admin Dose 
(mg/kg/d) 

[ave serulll 

concen]# 

0, 0.01, 0.1, 0.3, 
or 1 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

placental junctional & labyrinth zones was 
~ in dose dependent m,~xqner; 

>_10 (admin dose) - j, fctal wt & number of live 

fetuses; placentas displayed necrotic 

changes 

25 (admm dose) - +maternal BW 

MDH BA41_) modeling: 

For ’compariso~ purposes only" since 

BMD mode#ng couM not be conducted because 

we do not hm,e fitll nested dafasei (which 
would require indiWducd cm~mal dam) 

Number q/’#ve,~tuses: a# model resuhs 

unusable. 

Fetal BW B~DL/BNID+ 2.2%~2.56 (admin 

dosO mg/lcg-d 

>_ 0.01 (admin dose) - T chronic active 
per/portal inflammation @PND21 (still 
observed @PND91 in >0.3 mg/kg-d); 

q’hepatocellular hypertrophy @PND91 

<_ 0.3 (admin dose) - LDL, HDL & TC levels 
in PFOA + HFD were lower than controls 

+ HFD; dose related T tel liver wt (@PND 

21) 

*Transmission electron microscopy (TEM) was 

only conducted on control & high dose grps. 
TEM of liver sections on PND91 showed 
cellular damage & mitochondrial abnormalities 
w/no evidence of peroxisome proliferation. W/i 

hypertrophied hepatocytes, m itochondria were 
q" in number but also e~fibited altered 

morphologies suggestive of q’ &/’or 

uncontrolled fission & fusion reactions. 

Study PODdeD 
(mg/kg/d)~ 

[s~runl concert]~+ 

2 mg/kg-d 

(admin dose) 
LOAEL based 

on 
4"resorptions, 

placental effects 
& fetal death 

0.01 mg,q~g-d 
(adm dose) 

EPA NOAEL 

0.3 mg/kg-d 

(adm dose) 
EPA LOAEL 

based on 

@PND91 in 
HFD ~J~imals 
(gestational 

lactational 
exposure only) 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
control diet with 10% 
kca1% fat (1 pup from 

7-10 dams/dose grp). 
After 6 wks animals 

were returned to 
Purina 5001 diet. 

4 wk gavage study in 

BALB/C or C57BL/6 
female weanling mice 

N- 5!grp 

Garaged 5d/wk for 4 
wks 

Admin Dose 

(m~k~d) 

concen]# 

0, 1,5 or 10 
mg/kg-d 5 d/wk 

Time adjusted: 
0, 0.71, 3.6 or 7.1 
mg/kg-d 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Authors state: findings confirm that 

developmenta! exposures to PFOA reduce 
allerations in choleslerol biosynthesis cmd fi~tly 

acM metabolism, and demonstrate that those 
responses may vary when anima£~" are 

challenged with a high-Jal diet..., al PND 9i, 

when PFOA ls only detected at a low, residual 

level in the serum, these mice exhibited a dose- 
dependent increase in hepatocelhdar 
t~vpertrophy. Ullrastructura! examina#on 

confirms that the h)gaertrophy was ~ot due to 

peroxisome prol@ra#on or SER induc#on as 

wouM be expected with PP~As or enz),ne 

inducers, respectively. 

Rather,/~werWophied cells contain increased 

numbetw of dividing and prol{/~raling 

mitochon&ia either as lhe result qf impaired 

mitochon&ia/ fmction o,~ possibly, a 

mitochon&qal &ff}ct due lo &velopmental 

PFOA exposure. 

Study PODdeD 

(m~k~/d)~ 

Reference 
(note limitations 
in comment filed) 

BALB/C mice: 

>_ 1 (adm dose) -~absol & rel liver wt; ;absol & 
rel uterine wt; delayed vaginal opening 

(VO) VO did not occur at 5 or 10 mg/kg-d 

(adm dose) 
> 5 (adm dose) - lmammar?.’ gland 

development (.~ duetal length, number of 

temfinal buds, stimulated terminal ducts, 
BrdU revealed signif lower number of 

proliferating cells) 

10 (adm dose) - +BW 

[sertlnl concerti# 

BALB/C mice: 
NA/1 mg/kg-d 

(adm dose) 
EPA 

NOAELiLOAE 
L based on 

delayed VO, T 
liver wt & 
~uterine ~ 

UF2 i Candidate 
~ RfD 

mg/kg-d 

Yang et al 2009 

aci EPA 2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Developmental 
Garage Study- CD-1 

Pregnant Mice 

Study 1: 28-48/grp 
GDI-17 & pups were 

cross fostered. No 
pups remained with 
their original birth 

mother 

Study duration 18 

Admin Dose 

(m~k~d) 
[ave serHnl 

concen]# 

Study 1 - 

0, 3, or 5 on GD 1- 
17 
Pups cross 
fostered resulting 
in 7 trt grps: C, 

3U, 5U, 3L, 5L, 

3U+L, & 5U+L 

~’~ F H ITI 

were measured at 

weaning ~ also in 

F pups @ 6 & 9 
wks of age 

Predicted AUC 
ug/mL*h 
33700 & 40700 

mg/L-h (EPA 

2016a Table 4-3) 

Average serum 

concen tration 
predicted AUC 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

C57BL!6 mice: 
>_ 1 (adm dose) q’absol & rel liver wt; ]’absol & 

rel uterine wt but signif +@10 mg/kg-d) 

> 5 (adm dose) - stilnulatoo~ effect on 
mammmy gland development; delayed VO 

(VO did not occur at 10 mg/kg-d (adm 

dose)) 

10 (adm dose) - J~BW; inhibition of mammao, 
gland development 

Study 1 
Cross-fostering study to determine if posmatal 

BW deficits, neonatal lethality, & develop 
delays were the result of gestational exposure, 
lactational exposure, or a combination of 

gestational & lactational exposure 

Maternal 

77.9 ug/mL - Tliver +vt; delayed lactational 

morphology 

94.2 ug/mL - q’BW/k3WG, ~" whole litter loss 

Rel liver ~ "[" & reduced mamma~- gland 

development (~PND63 (F) in all exposed 
offspring 

77.9 ug/mL - ,l, pup BW (M/F pup U 4/8 & 

13/15%, U+L- 15/21 & 21/25%); ,beye 

opening & body hair growth (U & U+L); 

"[’liver wt in all trt grps (25 46%); 

94.2 ug/mL - ,~pup birth BW; +posmatal 

survival (U+L); +eye opening & body hair 

growth (U & U+L) 

Study PODdeD 
(m~kg/d)+ 

[seriull eOl"lCen]# 

C5 7BL/6 miec: 

NA/1 mg/kg-d 

(adm dose) 
EPA 

NOAELiLOAE 

L based on ~" 
liver & uterine 

wts 

Study 1 
~Iatern~d 

NA 
EPA NOAEL 

77.9 ug/mL 

EPA LOAEL 

based on 

~’absol & rel 

maternal liver 
wt 

Developmental 

NA 

EPA NOAEL 

77.9 ug/ml_, 

EPA LOAEL 
based on 
delayed eye 
opening & hair 

growth, ~’rel 

liver wt, ,I, BW, 

delayed 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Study 2: 12-14/grp 
Restricted Exposure 

Study 

Study duration 12 

(GOT-17) 

Admin Dose 
(mg/kg/d) 

[ave serHlll 

concert]# 

ug/mL-hr/(18 d x 

24 hr/d)- 
7Z9 ug/mL 

94.2 

Study 2 
0 or5 

GD7-17 

(~=12/14) 
C D10-17 
GD13-17 (N-12) 

GD15-17 (N=12) 

Measured final 
SeFHI71 

concentration GD 
7-~ 7:24.8 ug/mL 

Predicted AUC 
ug/mL*h 

25400 mg/L-h 

(EPA 2016a Table 
4-3) 

Average sertlm 
concentration = 
predicted AUC 
ug/mL-hr/(12 d x 
24 lu’/d)= 
8Z9 ng/mL 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

q’Rel liver ratios in pups exposed lactationally 

@serum levels ~ 15 ughnL; in pups exposed in 
utero 65-70 ug/mL. 

MDH did not attempt B~D modeling due to 

the small number of dose grps ~md lack of 

nested data (which wouM require individual 

animal data). 

Study 2 
Dams & 1 M & 1 F pup necropsied on PND22. 
Mamma~~ gland development in F offspring 
assessed at various interval up to 18 months of 
age. BW of 1 pup/sex/dose weighed weekly 
from PND29-245. 
=~laternal 
"I’BWG in dmns exposed GD 7-17 or 10-17; q’ 
liv wt all grps except GD 15-17. Qualitatively 
mammary glands fbr trt dams appeoxed 
immature comp~xed to controls. Control dams 
nursing offspring exposed to PFOA in utero 
also had delayed lactational morphology 
presnm ably the result of exposure to the control 
dam from maternal grooming of in utcro 
exposed offspring. 

Pups 

,~birth BW (Ms) in dams dosed GD7-17 or 10- 

17. By PND78 M offspring BW had 
recovered. Offspmag of dams dosed GD 13- 

17 weighed significantly more on PND 161. 

Rel liver wl q" in all grps. Eye opening & 

body hair growth delayed in pups expos 

GD7-17 & 10-17 

Study POD~so 
(mg/kg/d)~ 

[serunl co11cen]~I 

mamma~+ glared 
development (F) 

[NOAEL!LOAE 

LI n,:D NA/0.0109 
mg/kg-d] 

Stud,/2 
Maternal 

NA 

EPA NOAEL 

87.9 ug!mL 

EPA LOAEL 

based on 

"]’matemal rel 

liver wts 

Developmental 

NA 
EPA NOAEL 

87.9 ug/mL 

EPA LOAEL 

based on 
delayed eye 

opening & hair 

growth, ~’rel 

UF2 

300 

(3A, 
10H, 

10L) 
EPA 

i Candidate 
~ RfD 

mg/kg-d 

[0.00004 

i EPa 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Mamm aD7 
development gavage 
study - CD-1 
Pregnant Mice 

Blood, liver, brain, & 
4th & 5th mammaD’ 
glands were collected 
from femalc pups. 

Study duration 18 
days 
GDI-17 (13/grp) 
6 offspnng!grp sac on 
PNDs 7, 14, 21, 28, 
42, 63, & 84 

Admin Dose 

(m~k~d) 
[ave serHlll 

concen]# 

0, 0.3, 1.0, or 3.0 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

MammaD" gland development scores (ductal 
elongation & branching, appearance of TEBs) 
signif ,1, in all exposed grps @PND29 & 32. 
Mmnma~/tissues not scored at 18 mons of age 
due to lack of protocol for mature aafimals, 
however, d~xk loci (composition m~known) in 
manamary tissue occurred at higher frequency 
in exposed mfimals. 

>_ 0.3 [12.4 ug!mI,] - ]" rel liver wt PND7 (M/F: 

Study PODdeD 

(m~k~/d)~ 

[serunl COl]cen]# 

liver wt, ,I, BW 

(M), delayed 

mamma~" gland 
development (F) 

[NOAEL/LOAE 
L~mD NA/0.0123 
mg&g-d] 

NA 

UF2 

300 

(3A, 
10H, 

IOL) 
EPA 

i Candidate 
~ RfD 

mg/kg-d 

i 0.00004 

i EPA 

F of/sT~ring serum 
CO!TCeR. tlq~asHped 

on PND7(ear#est 
time poin0 4.9& 

1 l. 02~, & 20. 7 

ug/mL & PND14 
(peak #veh9 

4.535, !6.95, ~ 
26. 525 ug/mL 

EPA modeled ave 

serum value @0.3 
mg/kg-d was 124 
ug/mL (Table 4- 

8). Values for 
other doses not 
reported. Using 

the ave sermn 

concen calculated 
for pregnant CD-1 

from Lau et al & 

Wolf et al the ave 
serum concen for 
1 & 3 mg/kg-d 

>1 

26"/19", 59’/38", & 97*/76*%, p50.05); 
delayed mammary gland development (F 
pups) @PND14 & 21 (however, 
developmental scores did not show dose- 
related trend - e.g., PND21: 1.9, 1.3, & 1.6 
vs 3.4 for controls) 
- "~ tel liver wt PND14 (M/F: 17126" & 
41"/58*%); delayed mamma~" gland 
development (F pups) @PND7 to 84 

} rel liver wt PND14, 21 & 28 (M&F) 

MDH BMD ~ode#ng using serum concen: 
Fbr ’c’o~:~,)arison purposes only ’since optimal 

BMD mode#rig could not be conducWd because 

we do not have rid[ nested da~aset (which 
would req~m’e indivMual m#mcd 

BMR+o%- a# model results either questionable 

or unusable. Ques#onable result w/h)west 
AIC O. 779/7.61 ug/mL 

BMR+sD - a# model results either ques#onable 

or unusab#. Queslionable result w/lowest 
AIC 0.994/!.98 ug/mL 

EPA NOAEL 

12.4 ug!mL 

EPA LOAEL 

based on Tli~,er 
wt & delayed 

manunary gland 
development 

@eND14 

[NOAEL/LOAE 
L~+:~)NA/0.0017 
mg/kg-d] 

Reference 
(note limitations 
in comment filed) 

(Macon 2011) 
and aci EPA 
2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Study duration 8 days 

6D 10-17 (3-5/grp) 

Multigenerational 

Garage Study - CD-1 
Mice 

Examination of 
extended consequence 
of altered mammary 

gland development. 

Admin Dose 

(m~kF_Jd) 
[ave serHnl 

concen]# 

would bc 38 & 

77.8 ug/mL 

0, 0.01, 0.1 or 1.0 

F q,ffi’pring serum 

concert, measured 

on PNDI (earlwst 
time pomt) 0.0226 

(control), 0.2845. 

2.3035, ~ 16.3055 

ug/mL 

P0~a - 0 (N 10), 1 
(N 12), or 5 (N 
11) mg/kg-d GD1 - 

17. 

POI~ - 0 (N 7) or 1 
(N 10) mg/kg-d 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

> 0.01 - staffs signif decrease in qualitative 
developmental scores @PND21 for 
mammary gland (2.2, 1.8 & 1.6 vs 3.3 in 
controls). Quantitative scores only statis 
signif @ highest dose 

>_ 0.1 - staffs signif decrease in number of 
temfinal end buds (TEB) 

1 - Tliver ~vts 

Using the serum concentrations reported on 

15¥D 1 (Post 2012) ca/culated BMDL/BMD¢o~ 
serum concentrations of O 024770. 0257 ug+mL 

.!br ~ qua#taaw" mammmT gland development 

score @PDN21 & 0.0229/0.0251 ug,mL for ~ � 

7~s @PND21. 

MDH modeling usinx PND! serum concen: 
For ’comparis’on purposes only ’since optimal 

BMD mode#rig couM not be cona~cted because 

we do not hove f!~# nested dataset (which 
would req~ire individuM animal a’a~aO 

0.0836/0.379 ug/mL f!:r ~ # TEBs @PND2!: 

BMDL/BMD~s~ O. 0836/0.3 79 ug:)nL (lowest 

BMDL) O. l N~0. 68 5 t@)nL (viable alwrna/e) 

A4emured serum levels ¢ug/mL) (iLPND22 : 

PO: Control 0.0040; control t 5ppb DW 

0.0748; 1 mg/~g-d 655g; ! mg.kg-d 5 

ppb DW 4. 772; & 5 rag&g-d26.98 ug/mL. 

pups: control O. 0006: control D W O. 02~3; 

1 mg/kg-d 2. 4438; 1 mg/kg-d + D W 2. 7439; 

& 5 mg/kg-d lO. 045 ug/mL 

Study PODHI~D 

(m~kR/d)~ 

NA/0.01 mg/kg- 

d (adm dose) 
EPA 

NOAELiLOAE 

L 

based on 
qualitative 
mamma~ gland 

development 

score 

LOAEL of 1 
mg/kg-d (adm 

dose) based 
only on 

quantitative 

SCOI’e 

NA 
EPA NOAEL 

1 mg/kg-d (adm 
dose) 

EPA LOAEL 

UF~ i Candidate 
~ RfD 

mg/kg-d 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Mammary gland 

whole-mounts were 

scored on a 
develop~nental scale 

(quantitative 

measut~+x, as in study 

above, do not c~pear 

to have been 

conducted) 

Lactational challenge 

substudy - dmns were 

separated from 
offspring for 3 hr on 
PND l0 (peak of 

lactation) & then 
returned to litter & 
allowed to nurse for 
30 rain. 

Admin Dose 

(m~k~d) 
[ave serulll 

concert]# 

GDI-17 + 5 ppb 
in DW starting 

GD7 for duration 

of stu@. F1 
females & F2 
continued to 

receive DW until 
end of study 
(except during F 1 

breeding & early 
gestation). 

So 5 ’dose’ grps : 

* O, 

. 0 ~ D W(~O. 054 

gestation 8- 

O. !05 ~g/day 

lactation), 

i mg~g-d 

(gest only) 

1 mg/~g-d 

[gesmtion) 

~DW 

(37 ~ 0.051 

gestation & 

37 ~ 0.30 

ug/d~v 

lactation), & 

5 mgA~g-d 

(gestation) 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

F} clams: control O. 002; control + D W O. 0869; 

1 mg/Lg-dO.O093; 1 mggcg-dO.1733, & 5 

mg/lcg-d O. 013 7 ug/mL 
F2 pups: control O. 0004; control D W O. 0266; 

1 mg~X’g-d O. 0046; 1 mg/kg-d + D W O. 0285; 

& 5 mg/kg-d O. O076’ ug/mL 

>_ 0 + 5 ppb DW & 1 mg/kg-d (admin dose) - 

,bmammary gland score in dams & F1 

pups @all assessment time points & F2 
(PND42 only) 

1 mg/kg-d (admin dose, gestation) - ~’F2 BW 

& 4,mammary developmental score 

@PND63 (but no effect in other dose grps) 

1 & 5 mg/kg-d (gestation expo) - q’rel liver wt 

F1 pups 
5 mg/kg-d (admin dose) - ]’prenatal loss, + 

number of live offspring & postnatal 

survival in P0a; F1 exposed in utero had 

significantly fewer implants; ~ F1 BW 

@ND42 
F2 control females exhibited unusually low 

mammary gland scores & developmental 
delays in trt grps relative to controls were 

not statis signif. 

F1 maternal lactational challenge - no 
significaaat effects on milk produced in 30 rain 
or in time to initiate. 

Authors: Despite striking morphological 

abnorma#ties in lactating glands no clear 

evidence of diminished nutritional support 

provided by dams as measured by F2 B W was 

Study PODdeD 

(m~k~/d)~ 

[sernnl concert]~+ 

based on 
delayed 
mammary gland 
develop in dams 
dnring lactation 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Reference 
(note limitations 
in comment filed) 

which evaluated 

role of PPARa 
using PPARa- 
hum~mized mice. 

(only 0 & 3 
mg/kg-d trt grps) 

Mammary gland 

ductal length ~ 

Wrminal buds’ 

were quan@ed 
~.e., gd not use 

quaBtative 

deve lopmen~l 
scorO. No sign~ 
dif~rence m 
either paramewr 

was observed 

btwn control & 

trt grps. In 

addition, 
expression of 

PIL~Ra target 

genes that 

modulate lipid 

membo#sm was ~ 
in both wild-&pe 

& humanized 

mice coincident 

u(T #ver wt & 
microscopic 

[esions. Neonatal 

mortaBty was 

observed only in 

wild%vpe 

of~pring 

2475.0029 
STATE_07438032 



Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Mammary Develop 

Gavage study- - 

Female CD-1 & 
C57BL6 Mice 

Goal - exaanination of 
mammary gland 

development 
senskivity across 

mouse strains. 
Due to space 

limitations study was 

conducted in 3 blocks. 
4-8 CD-1 littcrs/trt 

block 

3-7 C57BL/6 litters/trt 
block 
Endpts measured: 

BW/BWG, Absol!rel 
liver wt; neonatal 
develop; serum 

estradiol & 
progesterone (P); & 
qualitative mmnmary 
gland develop scores 

Study duration 17 

days 

Admin Dose 

(m~k~d) 
[ave serHfll 

conceu]# 

0, 0.01, 0.1, 0.3 & 
1 mg/kg-d admin 

GD 1-17 via 
gavage 

Serunl measured 

(ii~PND 21, 35 & 
56 in CD-1 
And 

PND21 & 61 for 
C57BL/6 

Measured serum 
levels (ug/mL) 

reported 

(~PND21 (earliest 
dmep~ but ~22 

clc~w after/a~ t 
exposure): 

CD-i - 0.0748, 

0.4573, 0.9048, & 
3.119 ug~)nL 

C57BL/6 

0.0261, 0.2471, 

0.8913, & 2.14167 
ug/mL 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

CD-1 miec - 
>_ 0.01 (adm dose) - ,~qualitative mammoxy 

gland develop score @PND35 (2.3, 2.2, 

2.3, & 1.9 vs 3.1 in controls) but 
inconsistent dose-response @PND56; 
nonstatis signif "[ progesterone levels 

>_ 0.1 (adm dose) - ;qualitative mammaD, gland 

develop score @PND21 (2.3, 2.0 & 1.7 vs 

2.9 in controls) 
1 (adm dose) - ~,rel liv wt @PND21 (12%); 

+net BW ~!PND21 & 35 

C57BL!6 mice - 
>_ 0.3 (adm dose) - ;qualitative mammary gland 

develop score @PND21 (1.8 & 1.8 vs 2.9 

in controls) and PND61 (2.1 & 1.7 vs 2.8 
in controls) 

Authors notes: 

TEBs, lateral & longitudinal branching & 

seconda~;v branching were all ~ w/~ PFOA 

dose, resulting in a much smaller gland. By 
PND 35, in addition to the growth defects’ 

already described, PFOA caused a delc~ in the 

../burth and.[!fih glands growing together. 

Scoring is based on the level qf development 

compared to controls & maybe based on 
entirely d~ferent criteria that can still result in 

similar scores across strains. 

CD-] mouse appear to be more sensitive re: 

effects on mammary development. 7his is #/cely 

a reflection of the higher & longer circulating 
PPOA levels in CD-] mice. We suggest that it 

Study PODdeD 

(m~kdd)+ 

[serunl concert]~+ 

CD-1 Mice 

NA 

EPA NOAEL 

0.01 ~ngfkg-d 

(adm dose) 
EPA LOAEL 

based on 
delayed 

mammary gland 
development 

i?~!PND56 
(gestational 
exposure only) 

C57BL6 Mice 

0.1 mg!kg-d 

(adm dose) 
EPA NOAEL 

0.3 mg/kg-d 

(adm dose) 
EPA LOAEL 

based on 
delayed 

mammary- gland 
development 

@PND61 
(gestafional 

exposure only) 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Reference 
(note limitations 
in comment filed) 

(Tucker 2015) 
,and act EPA 

2016a 

PregnanQv rates 

in CD-I were 

> 60% but much 

lower (~27%) in 
C57BL/6 mice 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Latency & PPARc~ 
MOA Evaluation of 
Tulnor Development 
Resulting from 
Developmental 
(gestation & lactation; 
dams directly dosed 
via gavage from GD1- 
17; pup lactation 
exposure presumed 
due to long t ½ in 
dams) Exposure 
CD-1, SV-129WT & 
SV-129 PPAR~KO 
Mice. 
Anhnals were from 
separate experiments 
published at Hines et 
al 2009 & Abbott et al 
2007. 
CD-1 21-37 female 
offspringigrp [ti-om 
12-14 dams/group & 6 
dam/group @ HDT] 

Admin Dose 

(m~k~d) 
[ave serHlll 

concen]# 

CD-I: 0, 0.01, 0.1, 
0.3, 1, & 5 mg/kg- 
d 

SV-129: 0, 0.1, 
0.3, 0.6, & 1 
mg/kg -d 

SV-129KO: 0, 
0.1, 0.3, 1, & 3 
mg/kg-d 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

is lhe peak serum PFOA concenlradon that 

regulates lhese @cts, which ma3~ har,e 

occurred between b~rth & w/i the f!~’t two 

weeks c(life),rather them the serum PFOA level 
at the #me qfievalua#on. Based stu@ ~[fects 

here and in Macon et al (~+H gesta#on or late 

gestation dosing) obse+wed {ffec!.s’ are likely the 

result o fin utero exposure, jbIlowed by 

exacerbation of ef~ct from ~be exposure during 

lacta#on. 

CD-I: 
>_1 (adm dose) - "]’severity (but not incidence) 

chronic active inflammation; "Ito cell 
hypertrophy (sign trend but statis sign ti-om 

controls only at highest dose (5 mg/kg) - 

14% controls & 3%/27%/19%/29%/81% 

treated); 
5 mg/kg-d (adm dose) - sign T trend for oval 

cell hyperplasia (3.5% controls vs. 14% @ 
5 mg/kg-d) 

In addition to lto cell hypertrophy, mice 
exposed to PFOA developed ccntrilobulax 

hepatocUte hypertrophy (sign trend & sign 

from controls @ HDT; 17% (controls) and 
17%/35 %/35 %/10%/81% in treated groups) 
- indicating that a PPARc~-independent 

mechanism was responsible. 

129/Sv Wild-Type: 
Centrilobular hepatocyte hypertrophy" (60% 

(controls) ~x~d 50%/100%/50%/88% in treated 
(not sign from controls up to 1 mg/kg-d- but 

sign ]" severity) @ _> 0.3 mg/kg-d) 

Study PODdeD 

(m~k~/d)~ 

[serulll concerti# 

1 IngNg-d (adm 

dose) 
EPA NOAEL 

5 mgNg-d (adm 
dose) 

EPA LOAEL 
based on "Ito 
cell hypertrophy 
@18 months 
from gcstational 
& lactational 
exposure 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Only- 6-10 female 

offspring/dose grp for 

SV-129 grps [from 5- 
9 dams/group[. 

Dosing duration 38 
days and female 

offspring cvalnatcd @ 
18 months 

Admin Dose 
(mg/k~d) 

[ave sel-uHl 

eoncen]# 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

129/Sv PPARa-Knock-Out: 
Centrilobular hepatocyte hypertrophy (sign 

trend: 17% (controls) and 0/10%/11%/44% in 
treated); sign + Ito cell hypertrophy; sign T 

trend for hematopoietic cell proliferation (33% 
controls & 10%/80%/67%/78% treated); sign 

"~ bile duct hyperplasia @ 3 mg/kg-d; and sign 
~ trend for bile duct hyaline droplet 

accumulation 

Authors state that this study was NOT designed 

as a caxciuogenesis study but was desigued as a 

result of liver tumors found in PPARc~ knock- 

out mice in a previous study. Difficult to draw 
conclusions regardh+g the carcinogenicity of 

PFOA based on the data collected because of 
the small number of animals evaluated in both 
studies of SV-129 mice & the lack of PFOA 
exposure between PND 21& 18 months tbr all 

dose groups. Similar to Butenhoff et al 2012 
lack of dosc-rcsponsc for total livcr tumors, 
although the four hepatocellular adenomas seen 

at 0.3 mg/kg/day in CD-1 mice were signif 
greater (p<0.05) than the control. Tumor types 
varied across the dose groups. The authors also 

reported on preneoplastic basophilic, and 

eosinophilic loci were observed in the CD-1 
mice but did not show a response to dose. 

An interesting histological finding in both the 

CD-1 and SV-129 mice was a trend for "l" Ito 
cell atrophy& lesion severity across the doses. 

Ito cells accumulate fat in the liver sinusoids - 
this observation provides additional support for 
hepatic steatosis as a condition of concern 

following developmental PFOA exposure. 

Study PODdeD 
(mg/k~dd)+ 

[ Sel%lnl concert[~I 

UF2 i Candidate 
~ RfD 

mg/kg-d 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

14 day Gavage Study- 

- Adult Male Crl:CD 
BR Rats 
(l 5/~rp) 

Focus - determine 
impact of PFOA on 

aromatase activity" 

Study duration 14 
days 

14 day Garage stu@ 

- Male Klunming 

mice 
8 wks of age 

6/grp tbr testes wts 

and 4/grp for other 

assays 

Admin Dose 
(mg/kg/d) 

[ave serulll 

concen]# 

0, 0-pair-fed, 0.2, 

2, 20, & 40 
mg/kg -d 

0, 2.5, 5 or 10 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

There was an 5" in severity with dose :for the 
lto cell fat deposits for all but the high-dose 
group. The Ito cell lesion was present in the 
SV-129 mice, but was not associated with 
tumors. CD-1 mice had a significant 5" in Ito 
cell hypertrophy at 5 mg/kg/day compared to 
controls, but there was a lack of dose-response. 
The authors concluded that liver damage from 
PFOA exposure occurring early in 
development is not totally linked to PPAR-a & 
could progress as animals aged w/o continued 
dosing, thus compromising liver function & 
possibly leading to tumor development. 

>_0.2 (adm dose) - "]’protein yield of hepatic 
microsomes, 

>2 (adm dose) - ~absol & rel liver wt; 
"[’hepatic aromatase activity, total hepatic 
aromatase activity- adjusted for liver & BW 
effects; serum estradiol 

>20 (adm dose) - 4/BW (pair-fed controls also 

had ,I, BW) 

There was no effect on rel testes wl at any 

dose. Some effects were observed on tcsficular 
morphology at the lowest dose, including 
alrophy of the seminiferous tubules, depletion 

of spermatogonial cells, detachment of germ 
cells from the seminiferous epithelium, & 

sperm production. The severity of the testicular 

morphological changes 5‘ w/dose. The 5" in 

MDA & hydrogen peroxide accompmfied by 

Study PODdeD 
(mg/kg/d)~ 

[sernnl concert]# 

0.2 mg/kg-d 

(adm dose) 
EPA NOAEL 

2 mg/kg-d (adm 

dose) 
EPA LOAEL 

based on ~ 

liver wt, serum 
estradiol & 

hepatic 
aromatase 

NA/2.5 mg!kg-d 

(adm dose) 
Author 

NOAEL! 
LOAEL based 

on 4,sperm 

count, testicular 
SOD, catalase, 
NRF2 & BAX 

UF2 i Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

Liu et al 1996 

(~I]SO se~ 

reproductive 

hormone studies 

in Other Study 

See#on below) 

Liu et al 2015 aci 
EPA 2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Evaluated effects on 

testes and epididymis 

28 day Gavage Stud3,- 

- 14 day old Male 

BALBL/c Mice 

3 4/grp 
Study 1: Evaluate 
testiculax effects of 
PFOA on the blood 

testes barrier 

Admin Dose 

(m~k~d) 
[ave serHlll 

concen]# 

Study 1 

0, 1.25, 5 or 20 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

the -1, in SOD & cam/t/he acyltransfcrase 
(CAT) activity & NRF2 expression indicate 
that oxidative stress played a major role in the 
observed toxici~T. NRF2 plays an important 
role as a messenger that upregulates genes 
involved in response to oxidative stress. 

@LDT (2.5 mg/kg-d adm dose) statis sign 

,bsperm count (clear dose response based on 

Fig 3), ,b SOD & CAT activity (clear dose 

response based on Fig 4), and statis sign 

4,folding change in NRF2 expression (clear 

dose response based on Fig 5) 

Study 1~: 
> 1.25 - weakening of the blood testes barrier 

(dose-dependent manner) as indicated by 
passage of red fluorescent dye 

> 5 - q’tumor necrosis factor actin protein 

Study PODdeD 

(m~k~/d)~ 

[serunl eOl"lcen]~ 

expression and 
"I’MDA, 
hydrogen 
peroxide 

2.5/5 mg/kg-d 
(adm dose) 

EPA NOAEL/ 
LOAEL 

based on 
,b sperm count, 
changes in 
testicular 
morphology, 
evidence of 
q" free radical 
oxidation 
Study 1: 
1.25/5 mg/kg-d 

(adm dose) 
Author 

NOAEL/LOAE 
L for blood 

testes b~xrier 

NA/1.25 mg/kg- 
d (adm dose) 

Author 
NOAEL/LOAE 

L for protein 
biomarkers of 

cellular 
intcrcommunica 

t/on 

i Candidate 
~ RfD 

mg/kg-d 
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(note limitations 
in comment filed) 

Lu et al 2015 aci 
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Also see Lt et al 

2011 summarized 

below under 

Other Studies re: 

assessment q/ 

wild, null and 

humanized PPAR 

mice and 
[esticu/ar 

toxicity. 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Study 2: Impact on 

male fertiliDT 
6-8 wks of age 

15igrp 

Study duration 28 
days 

Admin Dose 
(mg/k !d) 
[ave serHul 

concen]# 

Study 2 
0 or5 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Study 2: 
,~ number of mated females per trt male and 
pregnant females per trt male mouse (p<0.001); 
,Lnumber of pups per litter (10.2±0.72 vs 
11.89±0.54, but not statis sign); ,,average htter 
weight (16.17±1.63 vs 19.95±0.80, p<0.05) 

Study PODHED 

[serunl coF!cen]# 

Study 2 
NA 

EPA NOAEL 
5 mg/kg-d (adm 

dose) 
EPA LOAEL 

based on 

,b fertili~T & 
,bpup birth 

i Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

1 () day hmnune 

dietary study - 

C57BL/6 Mice 

Diet concen 0.001, 

0.003, 0.01, 0.02 & 
0.05% 

0, 2, 6, 2121, 4121 & 
100 mg/kg-d 

0, 0.94, 1.88, 3.75, 

7.5, 15, or 30 
mg/kg -d 

>_2 (adm dose) -?lauroyl-CoA & palmitoyl- 

CoA (measures of pcroxisomc 
proliferation) 

>_20 (adm dose) - ~,spleen & thymus wts 

>40 (adm dose) -’[liver wts 

_>_. 20.2 ug/ml, - "[ rel liver wt (51-70% one day 
post trt & 45-61% 15 days post trt) (data 
not shown) 

>--61.9 ug!lnL - ,~ absol & rel (16’, 18, 31", & 

Immune DW study - 
Adult Female 
C57BL/6N Mice 
Dose-response studies 
16igrp k4easmz’d fina! 

SeFUFt7 

concentrations 

@d<v }pos~- 
dosing: NA,NA, 

74.9, 8Z2, !28.1, 

or 162.6 ug/mL 

Predicted AUC 
ug/mL*h 
7300,13800, 
22400,30500, 

40*%, * p<0.05) spleen wt post dosing 

(PD) day 1 (by PD day 15 return to 

~conlrol); ,~IgM response to SRBC 

challenge (7-11%, increasing to 29% @ 
highest dose), IgG response was T@ this 

dose level & 84.4 ug/mL but not higher 
doses, DTH response were not signif 

altered. 
~: 84.4 ug!mL - ,~ absol & tel (rel - 10, 30*, & 

49*%) thymus wt post dosing (PD) day I 

(by PD day 15 return to ~control) 
>_ 111 ug/mL - ;BW 

~6/21) mg/kg-d 

(adm dose) 
NOAEL/LOAE 
L for spleen & 

fl~ymus 

38.2 ng/mL 
EPA NOAEL# 

61.9 ug!mL 
EPA LOAEL 

based on -1- IgM 
(1 day post- 
dose), q’lgG 
(15 days post- 
dose), ~b absol 
& rel spleen wt 
(1 day post- 
dose) 

[NOAEL/LOAE 
LHED 

300 i 0.00002 

(3A, i EPA 

(Yang 2001) and 
aci EPA 2016a 

(DeWitt 2008) 
mad aci EPA 
2016a 

#Note. altkougk 

changes in liver 

wt were observed 

at the LDT EPA 

did not use this 

g~ct as the basis 

Jbr selection qf 

tkeir 

NOAkZ/LOAkZ 

Study duration 15 
day’s 
Note: Dose-response 
study is summarized 

here. ,See publication 

fi)r i~f!) on the single 

close (30 mg/kg-cD 

anhbody ,~Tnlhesis 

study. 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

hnmunotox 21 day 
DW study - 4 wk old 
Male ICR Mice 

n= 10/group 

0, 2, 10, 50 & 250 mg 
PFOA/L 

Admin Dose 
(mg/kg/d) 

[ave serHul 

concen]# 

40100, & 56000 
mg/L-h (EPA 
2016a Table 4-3) 

Average serum 

concentration = 

predicted AUC 
ug/mL-hr/(15 d x 

24 hr/d) .... 
20,2 ugimL 
38.2 

61.9 

84~4 
111 

155 

0, 0.49, 2.64, 
1/.63 & 47.21 
mg/kg -d 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

155 ug/mL - 16 to 15% BW (Figure 2A) 

Authors BMD modeling of lgTP! serum titers - 
B=LIDL/B=~VlD tsD }. 75,/3.06 mg/~g-d. 

/MDH based on dose:ave serum ratio 
estimated corresponding serum levels: ~34/53 
u g ,)n L ] 

MDH unable to model since data ~s only 

reported m figure. 

>0.49 (adm dose) - 50%+ in splenic CD8+ 
lymphocUtcs 

>_17.63 (adm dose) - q" interlcukin-l[3 in 
spleen;/l’c-myc expression in th3anus; 

"l" splenic CD4+ lymphoc)tes 943 & 
106%); +thymic CD4+CDS+ popnlations; 

T rel spleen wt (28%); ~" rel thymus wt 
(46%) 

47.21 (adm dose) spleen: enlargement 
w/maxked hyperplasia of the white pulp & 
~" cellular density of the lymphoid follicles, 
q’ tumor necrosis factor-a, interleukin-1 [3, 
interleukin-6 & c-myc expression; thymus: 
+cortex & medulla thickness & densely 
axranged cortex lymphoid cells, 110% 
q’thymic CD8+ lymphocy~es; "~ rel spleen 
wt (53%); "[ rel thymus wt (53%) 

Study PODdeD 
(mg/kg/d)~ 

0.0053/0.0087 
mg/kg-d] 

NA 
NOAEL 

0.49 mg/kg-d 

(adm dose) 
LOAEL based 

CD4- and CD8+ 

splenocytes 

UF2 [Candidate 
~ RfD 

mg/kg-d 

10H,I 
10s) 
EPA 

Reference 
(note limitations 
in comment filed) 

Son et al 2009 aci 
EPA 2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
Immunotox 15 d DW 

study PPARa 

evaluation. Female 
PPAR~KO and 

C57BL!6-Tae WT 

Study duration 14 
days 

Admin Dose 

(m~kF_Jd) 
[ave serHul 

concen]# 

Study 1 (T-cell 
depend) 0, 7.5 or 

30 mg/kg-d 
Injected w/SRBC 

day 11 

Study 2 (T-cell 
indepen) 0, 0.94, 

1.88, 3.75 & 7.5 
lng/kg-d 
Injected 
w/dinitrophenyl 
ficol day 11 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Study 1 : 
7.5 (adm dose) - ,~rel thymus wt in WT (but not 

at highest dose) 

30 (admin dose) - ,~BW in WT mice; +rel 
spleen wt in WT; ,HgM bolh WT & KO 

Study 2: 
>1.88 (admin dose) - ,Lantibody respon (9.4 - 

l 0.7%) 

Authors looked at changes" m lymphocyte 

populalions & saw no dose-depend changes, 

concluding that bot/~ sets’ of antigen responses 
were due to ch~mges in ce#uiar function rather 

than ~vmphocytotoxici(v. 

Study PODHED 

(m~k~/d)~ 

[serunl concert]~+ 

Study 1 : 
7.5/30 mg&g-d 

(adm dose) 
EPA 

NOAEL/LOAE 
L 

based on + 
sheep RBC IgM 
response (PPAR 
KO mice) 

Study 2: 
0.94/1.88 

mg&g-d (adm 
dose) 
EPA 

NOAEL/LOAE 
L based on T- 

cell independent 
response 

UF2 i Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

(DcWitt 2015) 

~d aci EPA 
2016a 

21 day Drinking 0, 2, 10, 50 & 250 >_ 0.49 - ~’rel liver wt (27%) NA Son et al 2(108 aci 
Water Study - ICR mg PFOA!L >_ 2.64 - ~’plasma ALT (50%) EPA NOAEL EPA 2016a 

male mice >_17.63 - ;BWG, ~’plasma AST, enloxged 

0, 0.49, 2.64, hepatocytes w/acidophilic cytoplasm & 0.49 mg/kg-d 

N = 10 17.63 or 47.21 presence of eosinophils, + tumor necrosis (adm dose) 
mg/kg-d factor-c~ expression EPA LOAEL 

47.21 - +food & water consumption, ~ based on ~’liver 
interleukin-[~ expression, ]’transforming wt 
growth factor-[3 expression NOAEL/LOAE 

L for ~ ALT 
0.49/’2.64 
mg/kg-d (adm 

dose) 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
28 day Gavagc Study 

Male Sprague- 

Dawley rats 
lOi rp 

29 day Garage Study- 

- Male CD-1 mice 
2O/g~p 
I,inear PFOA 

I~iected with SRBC 
on day 24 

Study duration 29 
days 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Admin Dose 

(m~k~d) 
[ave serHnl 

concert]# 

0, 5 or 20 

0, 0.3, 1, 10, or 30 

>_ 5 - h?ypoactivi|y, ~b food consumption, 

cachexia, & lethargy by 3rd week of study; 

’~ visceral index (i.e., hepatic, renal, gonad 

wt/BW) used to evaluate hyperplasia, 

swelling, or atrophy; hepatic hypertrophy, 

fatty degeneration, & acidophilic lesions as 
well as angiectasis (gross dilation) & 

congestion in the hepatic sinusoid or 

central vein; pulmonmy congestion & focal 
or diffuse thickened epithelial walls. 

20 - scnsitiviD- to external stimuli; turbidness 
& swelling in the epithelium of the 
proximal convoluted tubule 

> 0.3 - Tincidence of microscopic lesion in the 
liver including mild hepatocellular 
h?q~ertrophy; T absol (25, 84*, 240*, & 

230*%, p<0.05) & tel (33, 179*, 292*, 

317*%) livcr wt; ; absol (1, 11, 44*, & 
56*%) & rel (3, 14", 35*, & 45*%) spleen 

& absol (10, 2, 50*, & 50*%) & rel (10, 6, 
66*, & 39*%) thymus wts. 

> 1 - ,~ HDL (29*, 39*, & 56*%); moderate-to- 
severe hypertrophy & individual cell 

necrosis (11/20, 20/20, 19/20 vs. 0/19 in 
controls); liver focal necrosis (3/20, 4/20, 

7/19 vs. 0/19 in controls) 
> 10 - ,[BW; ~neutrophils and monocs~es & ; 

eosinophils; ~’serum corticosterone; ~ total 

Study PODH~D 

(mg/k~/d)~ 

[sernnl conCell]# 

NA 
EPA NOAEL 

5 mg/kg-d (adm 

dose) 
EPA LOAEL 

based on q" 

visceral indices 
& liver & 

pulmona~ 

lesions 

0.3 mg/kg-d 

(adm dose) 
EPA NOAEL 

1 mg,&g-d (adm 

dose) 
EPA LOAEL 

based on " absol 
& rel liver wt, 
w/moderate- 

severe 

hypertrophy 

w/single cell & 

focal necrosis, 
4,rel spleen wt 

UF2 Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

Cui ct al 2009 aci 
EPA 2016a 

(Loveless 2008) 
and aci EPA 
2016a 

RE: serum 

- - see Tan et al 

2013 stu@ under 
Other Studies 

below which 

examined 

whetlTer dtetaqv 

fat content is an 
important 

variable. Only 1 

dose level O 

serum cholesterol (TC) (31" & 49*%) & 
triglycerides (53* & 68*%), + 

hcpatoecllular mitotic figures, fatty 
changes, & bile duct hyperplasia; ;spleen 

& thymus cell counts, minimal-to-severe 
lymphoid depletion/atrophy of the thymus, 

mg/kg-d) was 

used. Study 

indicated that 

PFOA intensified 
damage to liver 

tissues when 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

29 day Garage Study 

- Male CD rats 
20/grp 
Linear PFOA 

Animals received dose 
of SRBC on day 23 

Study duration 29 
day’s 

13 week Dietary 
Study - Male ChR- 

CD Rats 

Admin Dose 

(m~k~d) 
[ave serHnl 

concen]# 

0, (I.3, 1, 10, or 30 

0, 0.06, 0.64, 1.94 
or 6.5 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

,HgM titcrs; ]’scram corticosteronc (CORT) 
levels 

Note: negative correIaiion btwn serum CORT 
& I,~ was found Au&o~w hypothesized that 

portion of thymic response was" due lo 

physiological stress. However, De Wi~t et al 

2009 investigated this hypothesis (see p<ges 3- 

118 to 3-119 of kT>A 2016a) & found that 
stress-related CORTproduction did not hm,e a 

mqior impact on IgM response to the SRBC 

inocuiation. 

>0.3 - T absol (9, 30*, 63*, & 42*%, *p<0.05) 

& tel (10, 35, 83*, or 91*%, p<0.05) liver 

wt; .~total (36*, 31", 19, & 16%) & non- 
HDL (43*, 38*, 15, & 13%) cholesterol, 

HDL cholesterol (25*, 21", 25*, & 21%), 
& triglycerides (31", 25, 32*, & 34*%); 

lninilmnn to mild hepatocelkdar 
hypertrophy 

>_10 - ~BW/BWG, hcmatocrit & hcmoglobh~; 

moderate hepatocellular hypertrophy & 

focal necrosis; 
30 - ]" reticnlocutes & hematopoiesis 

No differences in total spleen & thymoc?le cell 
& organ wts, microscopic exam of thymus, 

mesenteric lymph nodes or poplutcal lymph 

nodes, or IgM titers bem~een trt & control 

Study PODdeD 

(m~k~/d)~ 

[serunl concert]# 

1 mgNg-d (adm 

dose) 
EPA NOAEL 

10 mgNg-d 

(adm dose) 
EPA LOAEL 

based on 

~’absol & tel 

liver wt & 
histological 
changes 

UF2 Reference 
(note limitations 
in comment filed) 

given m the 

presence of a 

high f!~t diet 

(Loveless 2008) 
and aci EPA 

2016a 

>_31.6 ug/mL - T rel liver wt @wk 4 (13, 45, & 
70%) & 13 (4.5, 19, & 56%) 
w/hepatocellular hypertrophy; "~ hepatic 
pahnitoyl CoA oxidase activig~ @ wk 4 

3.=/.~ 1 ~6 ug/mL 30 
Author (3A, 

NOAEL/LOAEL 10H) 

i Candidate 
~ RfD 

mg/kg-d 

i~ [0.000015] 
I MDH, .for 

i compariso 
i npurposes 

(Perkins 2004) 
and aci EPA 
2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 
0, 1, 10,30 or 100 
ppm (45-55/group) 

2 control grps - 
nonpak-fed and pair- 
fed 
15/grp sac @ 4, 7 & 
13 wk of trt. 10/grp 
sac @ 13 wks & 8-wk 
recove~T period 

Study duration 90 
days 

90 day Gavage Study 

- Rhesus monkey. 

PFOA in 0.5% 
Methocel7 for 7 d/wk 
(N = 2/scx/group) 

Note: very small 

number of animals 

Study duration 90 
days 

Admin Dose 

(m~k~d) 
[avc serufll 

concen]# 

Measured fina! 

concentrations." 

7.1, 41, 70, 138 
u g/m L 

Predicted AUC 
ug/mL*h 
7230, 69100, 
168000, & 326000 
mg/L-h (EPA 
2016a Table 4-3) 

Average serum 

concentration = 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

(75", 200* & 363*#%, *p<0.05 vs ad lib 

controls, #p<0.05 pair-fed controls), @wk7 
= ,#o (128,3~7*, 671 +~), & @13 wk (25, 75#, 

& 113*#%) 
76.9 ug/mL - + hepatic pahnitoyl CoA oxidase 

activity @ wk 7 through 13 (357 & 671% 

@ wk7, 75 & 113% @ wk 13); mild to 
slight coagulativc nccrosis in livcr (control 

to hi dose: 0/45, 1/45, 0/45, 2/45, & 3/44) 
149.3 ug/mL - ,~ BW (~8%)/BWG (M4-17%) 

vs nonpair fed controls [BWG was still 

4,at end of recover, period); + food 

consumption in wk 1 & 2 (M8%, w/~5% 

ave over 13 wks); indication of elevated 
estradiol ~ wk 4 (veD- few animals 

Study PODdeD 

(m~kdd)+ 

[seruul COlqCen]~ 

[NOAEL/LOAE 

LI~D 

0. 00045/0. 0044 

mg/kg-d] 

31.6 
EPA NOAEL 

76.9 ug!mL 

EPA LOAEL 

based on ~" absol 
& tel liver wt 
w!hepatocellulox 
hypertrophy 
accomp~xfied by 30 

i Candidate 
~ RfD 

mg/kg-d 

i 0.00015 
predicted AUC 
ug/mL-hr/(90 d x 

24 hr/d) - 
3.3 ug/mL 

31.6 

76.9 
149.3 

asscsscd) slight (not stats 

signif) ]" 
heptatic 

coagulativc 

necrosis 

[NOAELiLOAE 

0.0044/0.0108 
mg/kg-d] 

(3A, 
10H) 
EPA 

i EPA 

0, 3, 10, 30 or 100 >_ 3- GI upset (dia~hea, frothy emesis); dose- 
related trend ~ alkaline phosphatase levels; 
~’ pituitaxy wt but not accompanied by 
morphological changes (M) 

10- 1 anorexic animal; ~" SGPT; 4, absol heart 
& brain wts & 4, rel liver wt (F) but not 
accompanied by morphological chm~ges 

>_ 30 - "~ mortality* (3 animals); ~, BW; 
moderate to severe ,~activ@~; changes in 
hematological values (e.g., ~, RBC, [tb, 

NA (M)/3 (F) 
mg/kg-d (adm 

dose) 
EPA NOAEL 

3 (M)/10 (F) 
lng/kg-d (adnl 

dose) 
EPA LOAEL 
based on 

Draft Document - for review a~ discussion purposes only. Draft document does not constitute Agency policy 
PFOA - 40 of 92 

Reference 
(note limitations 
in comment filed) 

Nole: Table 4 

very few animals 

assessed for 
eslradol levels" at 

many time points’ 

Goldenthal 1978 
(unpublished 

study) 

2475.0040 
STATE_07438043 



Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

26 Week Oral Capsule 
Study - Male 

Cynomolgus Monkeys 
6/group, except 3 

mg/kg-d had 4/group 

Study duration 26 
weeks (182 days) 

Admin Dose 

(m~k~d) 
[ave seruul 

concen]# 

0, 3, 10 or 30/20 

(dose was ~, from 

Effect(s) Observed at each HED dose level 
and earliest time point obse~wed 

Hct, J" prothrombm time); ~, SGOT; ~" 
cholesterol, total protein & albumin; slight 
to moderate hypocellularity of bone 
marrow; moderate atrophy of lymphoid 
follicles in the spleen 

100 - 100% mortality* between wk 2-5, with 
clinical signs beginnhlg in wk 1 

*all animals that died had marked diffuse lipid 

depletion in the adrenal glands 

>_ 87.0 ug/mL - ]" absolute & relative liver 

weight (20, 27, 60*%, *p<0.01); evidence 

Study PODdeD 

(m~k~/d)~ 

pituitao, wt (M) 

& heart & brah~ 

NA 
EPA NOAEL 

UF2 i Candidate 
~ RfD 

mg/kg-d 

~ comt)ariso 

Reference 
(note limitations 
in comment filed) 

Thomford 2(!01; 
(Butenhoff 2002) 

30 to 20 at day 22) 

Measured steady 

slate serum 

concen (BuWnhoff 

2004b):81~40, 

99±50, & 

156±i 03 ug/mL 

Autho~ state that 

steaa)~-xtate 
appears to hm,e 

been attend u+~ 

~4-6 wks o J 
dosing. 

Predicted AUC 
ug/mL*h 
380000, 553000, 
& 710000 mg/L-h 
(EPA 2016a Table 
4-3) 

of mitochondrial proliferation in livers; 1 

death (cause undetermined); ]" triglycerides 

(@wk5 - 16, 73*, & 145*%; wkl0 - 37, 
77*, & 56%; wkl4 41,120", & 148%; 
wk27 - 16, 64, & 109*%) *p<_0.05); ,~ tT4 

((@wk5 - 15, 37.5*, & 22%; wkl0 - 24, 
35*, & 30*%; wkl4 - 16, 31", & 11%; 

wk27 33*, 29*, & 32*%), ~- fT4 ((@wk5 
-8, 32*, & 23*%; wkl0 - 9, 27*, & 27%; 
wkl4 - 11, 29, & 10%; wk27 - 33, 38*, & 
42*%); tT3 & IT3 was also 4,but dose 
response was not consistent. 

162.5 ug/mL - J" mortality (only 2 tolerated 

dose for duration of treatment) dose was 
decreased to 20 mg/kg-d after 12days; ,~ 

BW; marked to moderate ~’serum enzyme 

concentrations (e.g., ALT); 

3~I #v-to-brain wt ratio BMDL ..... 3.9 mg/~’g-d 

(corresponding serum cone. 23 ug/mL) 

A TSDR (draft 2015) ~[ absol liver wt 
B~DB~VIDL m 22. 01/!5.53 ug/mL 

87.0 ug/mL 

EPA LOAEL 
based on 

Tabsol & rel 

liver wt 
(hepatocellular 
hypertrophy) 

[LOAEL HED 
~0.012 mg/kg- 

[ n pmT)oses 

i LOAkZ 

i HED 

i based 

i0.000041 
[ If Ba4DL 

[based 

i o.oooo7  

and act EPA 
20126a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

2 year DietmT Study - 

Crl:CDBR Rats 

50/sex/dose 
DietaD" levels 0, 30 or 
300 ppm 

Admin Dose 

(m~kF_Jd) 
[ave serHlll 

concen]# 

Avcragc serum 
concentration - 
predicted AUC 
ug/mL-hr/(182 d x 
24 hr/d) - 
87.0 ug/mL 
126.6 
162.5 

M/F 0/0, 1.3/1.6, 
or 14.2/16.1 
mg/kg-d 

Add’l grp of 

15/sex for 0 & 
300ppm evaluated 
@ lyr interiln sac 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

(HED=O. 00154 mgJkg-d)," Trel liver wt 
B,~ID/BMDLlo 53. 04,76.31 ug/mL 

MDH BMD modeling: 
Absol liv wt BMDLd3MD~o 24. U33.2 ug/mL 

Rel liver wt BMDL /B3/ID~o questionable 

modeBng results 38. 8~4. 7 ug/mL ([owest 

AIC) & 29.3/39. 2 ug~mL (h)west B~DL) 

7?iglycerides B3JDL/BMDzsr) 29.3/45. 9 

ug/mL 

.~4 all models unusable 

>1.3/1.6 (adm dose) - TALT(e.g., M @12 mons 
132" & 217*% vs control levels, *p<0.05), 

AST (e.g., M @ 12 mons 57* & 68*% vs 

control levels) & ALP (e.g., M @ 12 mons 

21 & 57*% vs control levels) from 3 to 18 
months, but only at 24 mons in high dose 

grp (M); testicular vascular mineralization 

(6 & 18*% vs 0% in controls) 
14.2/16.1 (adm dose) - +BW/BWG, slight ,~ in 

food consumption, ]‘survival rate (likely 

due to lower BW); ]’incidence liver lesions: 
cystoid degeneration (M - 14 or 56*% vs 
8% in controls); hepatocellular 

hypertrophy (M/F: 12/2 or 80*/16*% vs 

0% in controls); lnononuclear cell infiltrate 
(M-64 & 96*% vs 74% in controls); 
Tincidcnce lung lesions: alveolar 
macrophages (M: 32 & 62*% vs 20% in 

controls), hemorrhage (M: 28 & 44*% vs 

20% in controls); ]’incidence ovarian 
lesions: tubular h~perplasia (l 4* & 32*% 

vs 0% in controls); ]’incidence testicular 

Study PODHI~D 

(m~k~/d)~ 

1.3/1.6 (M/F) 
lng/kg-d (adm 

dose) 
EPA NOAEL 

14.2/16.1 (M/F) 
mg/kg-d (adm 

dose) 
EPA LOAEL 

based on ,,BWG 

(M/F), lesions 
in liver, testes, 
& lungs (M) 

NA!1.6 (M/F) 
mg/kg-d (adm 

dose) 
MDH NOAEL 

1.3/16.1 (M/F) 
mg/kg-d (adm 

dose) MDH 
LOAEL 

UF2 i Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comlnent filed) 

Sibinski et al 
1987 published 
as (Butonhoff 
2012) and aci 
EPA 2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

2 yr Mechanistic 
dietary study - Crl:CD 
BR Male Rats 
(156/grp) 
(follow-up to study 
above) 
0 or 300 ppm 

Admin Dose 

(m~k~d) 
[ave serHfll 

concen]# 

0 or 13.6 mg/kg-d 
Interim sac 

conducted evew 3 
months up to 21 

lnonths 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

lesions: vasculax mineralization (6 & 18*% 
vs 0% in controls). 

Neoplaslic findings : 

Males: liver hepatocellular carcinoma 2 & 

10% vs 6% in controls; Leydig cell 
adenomas 4 & 14*% vs 0% in controls 

[4% was indicated to be within 
historical controls’ by authors & EPA 

2016]; Thyroid C-cell adenoma 4 & 

9% vs 0% in controls 

Females: mamma~- gland fibroadenoma 42 

& 48*% vs 22% in controls [all 

considered to be within the norm for 
background varialion. Re-evaluation 

found no statis s~gnif d~ference for 

.fibroadenoma, adenocarcinoma, total 
benign neoplasms, or total malignant 

neoplasm~J 

[Neoplastic findings are discussed further in 

Table 7-A below] 

13.6 (adm dose) - +BW, ]rel liver wts & 
hepatic [~-oxidation activity; ~absol testes 
wts. ]’incidence Leydig cell hyperplasia 

(46% vs 14% in controls); }pancreatic 

acinar cell hyperplasia (39% vs 18% in 
controls). No signif difference in sen~m 

testosterone or prolactin. Scram FSH was 
signif ~@6 mouths & LH @ 6 & 18 

months. Serum estradiol ~’@1,3,6,9,& 12 
months. 

Neoplastic findings : 

Study PODdeD 
(mg/k~/d)~ 

[seFtlnl COlleen]# 

NA 

NOAEL 

13.6 mg/kg-d 

(adm dose) 
LOAEL 

UF2 i Candidate 
~ RfD 

mg/kg-d 

Reference 
(note limitations 
in comment filed) 

Biegel et al 2001 

aci EPA 2016a 
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Study Description - 

duration, route/ 
vehicle, species/ 
strain, age at dosing, 
N/sex/group, etc. 

Admin Dose 

(m~kF_Jd) 
[ave serHul 

concen]# 

Effect(s) Observed at each HED dose level 
and earliest time point observed 

Comments: 

Liver adcnomas 3% (ad libitum controls), 
1% (pair-fed controls) & 13% 

Leydig cell adenomas - 11% in trt anilnals 
compared to 3% in pair-fed controls & 
0% in ad libitum controls. 

Study PODHED 

(m~kR/d)~ 
UF2 i Candidate 

~ RfD 
mg/kg-d 

+ Serum concentrations --Sermn concentration value are superior to external dose as a POD. Several studies measured serum concentrations at specific tflnc 
points. EPA pcrlbrmcd PK modeling to calculate AUCs to dctcmfinc an avcragc scram concentration for cach data set. Average serum conccntmtion has the 
advantage of normalizing across the different exposure durations to gcnemm a uniform metric Ibr internal dose in situations where the dosi~g durations varied 
and serum measurements were "taken immediately prior to sacrifice, Serum concentration dam listed are from publication or as reported in EPA Tables 4-3 
through 4-8 (USEPA 2016a) 

Reference 
(note limitations 
in comlnent filed) 

~ HED (Human Equivalem Dose) is calculated by multiplying the average serum concentration (ug/L) by the clearance rate. Clearance can be calctflated from rise 
rate of elimination (derived from half-life) and the volume of distribution: Vd x (ln 2 + t~i) - 0.17 L!kgbw x (0.693 + 839.5 days) - 0.00014 L!kg bwiday. 
: Interspecies (animal to hunmn) extrapolation denoted as A 
Intraspecies variability &afiabili~" within human subpoptflafions - including life stages) denoted as H 
Database uncertain~ factor denoted as DB 
LOAEL to NOAEL extrapolation denoted as L-to-N 
Subrolfic-to-chrordc extrapolation denoted as S-to-C 
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Table 6-A2. RfD Derivation 

Critical study (source, date, rationale 
for the selection) 

In this expedited review NIDH has focused on key studies identified by EPA in the Dose Response 
Assessment of the Health Effects document (EPA 2016a) and has utilized the predicted average serum 
concentration as the preferred dose metric. EPA selected Lan et al 2006 as their critical study (EPA 
2016a). 

BMD/BMDL values have been generated by authors of some of the key studies, lit should be noted that 
best practices have changed over time and substantial improvements have been made to the BMD 
software BMD modeling. Therefore, BMD modeling was also conducted by MDH when possible (e.g., 
data needed was available) and when appropriate (e.g., sufficient number of dose groups). Note: BMD 
modeling results were not reported (or utilized) in EPA’s 2016 final document. Rationale for not using 
BMD modeling (the preferred approach) was not provided. A summa1T of key studies (e.g., Table 4-8 w/ 
additional studies selected by MDH) along with estimated average serum concentrations @the 
NOAEL/LOAEL or BMD/BMDL arc presented below 

Study (duration) 

DeWitt et a12008 - Mice 
hmnune toxicity 

Perkins et a12004 - M Rats 
Subchronic study 

Lau et al 2006 - F Mice 
Developmental 

Effects 

,bIgM response to SRBC 

Average Serum Concentration (ug/mL) 

NOAEL/LOAEL BMDL/BMD"’~ 
38.2/61.9 Authors BMR~sr) 

34/53~’ 

[~/20.2] [>45% ?rel liverwt butno 
additional hepatic 

(ISS~SS~d] e 

~’liver wt wihypertroplV 
q’liver wt & necrosis 
delayed ossification 

accelerated puberty 
~’maternal liver wt 
[but no addaional hepa#c 
endpts assessedj~ 

+pup BW 

Authors B3/IRo_s 

33/4U pup BW 

tunable to ntodel accel 
puberly inverse 

3.0131.6 

31.6/77.4 

NA/38 

Wolf et a12007 F Mice NA/77.9 
Developmental GD 1-17 

Macon et a12011 - F Mice 4/mammaD~ gland NA/12.4 
Developmenlal GDI-17 development (q~mlilalive scorn) 

NA/87 q" absol liver wt 

~1" rel liver wt 
A 7’SI)R (drcgt) BMR~o 

15.53/22. Ol 

24.1/33.2 (abso0 

Butenhoff et al 2002 - 
Monkeys 
26 wk stud}’ 

~triglycerides 
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Critical effect(s) and dose: 
(L OAELr~:~iB MD~ar~r_~) 

Point of Departure 
(NOAEL~mD, LOAELH~D, 

BMDLm~:r)) 

Human Equivalent Dose 
Adj ustrnent: 

"~ MDH estinmted average serum concentration that corresponded to the BMD/131VIDL adnfinistered doses by using 
lhe relationship between the average scram conccnlration and the LOAEL administered dose. See relevant 
worksheet witNn ...A....d...n-~.i.~L..d-9..~..c.‘..L~....~-e..r...u.AL..E.:.%!~#..~..~-~..~t~Lc.‘..a....d..~-~.ke...eJ.; 
u MD H B NID/13 MD L modeling reports can be found at )!~......a..t.iL3..~5-e..1.).‘.~:~-..R.....A-~\..C.....~...1}.‘...~.....~...~.....N..):-G..1~.i...d~a.~..:..~A~.~L\~ 

re views-complctcd~Final\Pl::OA\BMD Modeling. 
~ Loveless et al 2008 did assess additional hepatic endpoints inthe 29 day male CD-I mouse study. Serum 
concemratimts were not reported. Increased relative liver wt along with Nstological changes (e.g., necrosis) were 
reported at admin dose of I mgikg-d, which is similar to the admin dose LOAEL in DeWitt et al 2008 (0.94 mg/kg- 
d) and Lau et al 2006 (1 mg!kg-d). 

At the LDT (1 mgikg-d, ~ave serum concentration 38 ugimL) Lau et al 2006 reported increased (> 49%) 
maternal liver weights and in offspring, delayed ossification in proximal phalanges and calvaria (but 
dose-response was not consistent), trend for decreased pup BW (dose group statis signifat >_ 3 mgikg-d 
(or 77.8 ug/mL); authors calculated BMDL/BMD05 of 0.86/1.07 mg/kg-d adm dose), and accelerated 
preputial separation in males. The later observation (accelerated PPS) is surprising for two reasons - 1) 
all other developmental parameters are consistent with delayed development and 2) inverse dose- 
response (greatest effect is obselwed at the lowest dose level and decreases with increasing dose). 
Subsequent developmental studies by EPA (in which Lau was a co-author) did not report evaluation of 
male pups for tinting of PPS, therefore, there are no studies in mice which can be used to verif~v or 
contradict this effect. 

Macon et al and other investigators from this same research laboratory have reported lower qualitative 
scores for delwed mammaW gland development at 0.3 mg/kg-d adm dose (12.4 ug/mL) which is lower 
than thc sclcctcd POD (1 mg/kg-d adm in micc, 38 ug/mL in scram). However, cvaluations using more 
quantitative measures of mammaD, gland development have only reported significant effects at higher 
dose levels. In addition, lactational challenge study conducted by V~,~hitc ct al 2011 did not idcnti~ 
functional impairment. Therefore, this endpoint will not be used as a critical effect. 

EPA’s predicted average serum concentration at the LDT LOAEL (1 mgikg-d) was calculated to be 38 
ug/mL (or mg/L) 

The following equation is used to calculate an HED from the POD semln concentration2: 

HED 0ngikg-d) = POD~,, ............... x Clearance. 

Where 

Clearance = Vol of Distribution (Likg) x (Ln2ihmnan hall-life) = 0.17 Likg x (0.693/839.5 d) = 0.00014 L/kg-d 

HED = 38 mg/L x 0.00014 L/kg-d = 0.0053 mg/kg-d 
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Uncertainty/Variability Factors: 3 Interspecies 3 LOAEL-to- 3 Database: 
Extrapolation: NOAEL: 

lntraspecies 10 Subchronic-to- Other: 
Variability: chronic: 

Total1: 300 

UF/VF Comments: Interspecies UF of 3 applied to address TD differences, in the absence of chemical information to the 
contra~, the default value of 10 for Intraspecies Variability. With the exception accelerated PPS the 
effects obse~azed at the ILOAEL were mild. An L-to-N UF of 3 was used, along with a DB UF of 3 for the 
lack of an acceptable 2 generation study. [Note: the serum concentration corresponding to the RiD 
below is -l O0-fold lower than the LDT LOAElJ f!~om Macon et a! (0.13 ug/mL w~ 12. 4 ug/mL/. A DB UF 
for immunotoxicity concerns was not added at this time.~ 

MDH RfD: 0.0053/300 = 0.000018 mg/kg-d [corresponding serum concentration 38/300 = 0.13 ug/mL] 

Comments: 
Total UF for derivation ofa HRL or HBV Raft) is _< 3000 (RAA could be _< 3000 or > 3000) 

z US EPA 2016 Lifetime Health Advisory Evaluation (USEPA 2016d): 

The predicted senun concentrations are converted into an oral equivalent dose by recog~fizing that, at stead)’ state, clearance from the body equals the dose to the 
body. Clearance (CL) can be calculated if the rale of elimination (derived from half-life) and the volume of distribution are both known. Olsen et al. (2007) 
calculaled truman half-life of 3.8 years in an occupationally exposed cohort. Bartcll e t al (2010) determined a value of 2.3 years based on the decline in serum 
levels among members of the generN population exposed via drinking water in the area near the DuPont Works plant in Washin~on, WV. EPA chose to use the 
half-life from Bartell et al (2010) because it is the most relevant scenario. Thompson et al. (2010) gives a volume of distribution (Vd) of 0.17 Likg body weight 
(bw), which is siufilar to the Vd of 0.198 Likg determined for monkeys in Butenhoff et a12004. These two factors (half-life and Vd) are used to determine a 
clearance of 0.00014 Likg bwiday using the following equation: 

CL = Vd x (ln 2 + t~i) = 0.17 L/kg bw x (0.693 + 839.5 days) = 0.00014 L/~cg bw/day 

Wkere: 

Vd = O. 17 Likg 
In 2 = 0.693 
tli~ - 839.5 days (2.3 years x 365 days/year - 839.5 days) 

Multiplying the derived average serum concentrations (in ~tgimL) tbr the NOAEL, LOAEL, BMD, or BMDL by the clearance value predicts oral HEDs in 
mgikgiday for each corresponding serum measurement. The HED values are the predicted human oral exposures necessary to achieve serum concentrations 
equivalem to the NOAEL or LOAEL in the ani~nal toxicity studies using linear human kinetic information. [MDH Note: this is ~ke same equation used in tke 
MDH 2007 evaluation m estimate HED values. Parameter values used m 2007 ~v A4DH were: [’)t (~0.2 L/kg insmad (¢0.17 L/kg and ha[:~=liji~ of 1387 d~vs (3.8 
yr.s? instead of 839.5 da.vsff 
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3 While immunotoxicity is an identified hazard of PFOA and PFOS exposure (as determined by NTP, 2016 and in MDH’s identification as 

imnmne changes as a co-critical effect), the lack of dose response and lack of clear indication of immune system deficits in functional responses to 
pathogenic challenges in even highly exposed cohorts, hampers quantitative inclusion of these effects reported in epi studies in deriving a 
reference dose (RfD). MDH will continue to closely monitor the scientific literature regarding inrnmnotoxicity, but based on currently available 
data it is difficult to justify further increasing the DB UF for PFOA at this time. The study by DeWitt, 2008 demonstrated a NOAEL for immune 
changes at the critical effect LOAEL, further supporting MDH’s decision to not add to the DB UF. The epidemiological literature provides a clear 
indication that the additivity of PFAS is strongly associated with immunosuppression. MDH’s current practice of comparing drinking water values 
to a composite hazard index of PFOA, PFOS, PFHxS, PFBA, and PFBS is well-justified and confers additional health protection benefits in the 
context of risk management. 

CRITICAL/KEY STUDY SUMMARY 

Critical Study(s): 

Developmental Gavage Study in CD-1 Pregnant Mice (Lau et al 2006 aci USEPA, 2016a) 
Doses & Design: Developmental toxicity study of PFOA was conducted to evaluate the effects of PFOA on prenatal and postnatal development in 

offspring exposed during pregnancy. Groups averaging 9-45 timed-pregnant CD-1 mice were given 0, 1, 3, 5, 10, 20, and 40 mgikg PFOA 
daily by oral gavage on GDs 1 17. Dams were divided into two groups. 

Group# 1 - danas were sacrificed on GD 18 and underwent maternal and fetal examinations (e.g., maternal liver weight, examination of the 
gravid uterus for numbers of live and dead fetuses and resorptions). Maternal PFOA serum concentrations were assessed (levels in the 
fetuses were not exmnined). Live fetuses were weighed and subjected to external gross necropsy and skeletal and visceral examinations. 

Group#2 - an additional dose of PFOA was administered on GD 18. Dams were allowed to give birth on GD 19. The day following 
parturition was designated as PND 1. Time of parturition, condition of newborns, and number oflivc offspring were recorded The number 
of live pups in each litter and pnp body weight were noted for the first 4 days after birth and then at corresponding intervals thereafter. Eye 
opening was recorded bcginning at PND 12. Pups were weaned on PND 23 and separated by gender. The time to sexual maturity was 
determined by monitoring vaginal opening and preputial separation beginning on PND 24. Two to four pups per gender per litter were 
randomly sclcctcd for observation of postnatal survival, grmv~h, and development. Estrous cyclici~ was determined daily by vaginal 
cytology. After weaning, dams were sacrificed and the contents of the uteri examined for implantation sites. Postnatal survival was 
calculated based on the number of implantations for each dam. 

Effects: AIaternal - Signs of maternal toxicity were observed following exposure to PFOA during pregnancy. Statistically significant dose-related 
increases (p < 0.05) in maternal liver weight were observed at all dose levels (49, 77, 89, 118, 132, & 159% compared to controls). !MDH 
Notes: Histological assessment of the liver does not appear to have been conducted/. Dose-related decreases in rnaternal weight gain 
during pregnancy were observed beginmng at 5 mg/kg/day, with statistical significance (p < 0.05) seen in the 20- and 40-1ngNgiday dose 
groups. The number of ilnplantations in treated lnice was comparable to control mice. Statistically significant increases (p _< 0.05) in full- 
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litter resorptions were reported at doses of_> 5 mg/kg/day, with complete loss of pregnancies at the highest dose group of 40 mg/kg/day. 
Slight, but statistically significant, increases (p < 0.05) in the average time to parturition were observed at 10 and 20 mgikgiday. 
Maternal NOAEL = NA 
Maternal LOAEL = 1 mgikg-d (LDT), based on increased liver weight 

Developmental 
Group #1 (ibtal examinalion) - A 20% reduction (p _< 0.05) in live fetal body weight at term was reported at 20 mg/kg/day. A statistically 
significant increase in prenatal loss was obseI~ed in the 20-mg/kg/day dose group. Ossification (number of sites) of the forelimb proximal 
phalanges was significantly reduced at all doses except 5 mg!kg. Ossification of hindlimb proximal phalanges was significantly reduced at 
all doses except 3 and 5 mg/kg. Reduced ossification (p < 0.05) of the calvaria and enlarged fontanel was observed at 1, 3, and 20 mg/kg 
and at > 10 mgikg in the supraoccipital bone. Statistically significant increases (p < 0.05) in minor limb and tail defects were observed in 
the fetuses at doses > 5 mg/kg/day. 

Grottp#2 (posmatal examination) - Increases (p _< 0.05) in stillbirths and neonatal mortality (or decreases in postnmal survival) were 
observed at doses _> 5 mgikg/day, with as much as a 30% increase in these effects sccn in the 10- and 20-mg/kg/day dose groups. At doses 
_> 3 mgikgiday, a trend in growth retardation (body weight reductions of 25-30%; p _< 0.05), was observed in the neonates at weaning. 
Body weights were at control levels by 6 weeks of age for females and by 13 weeks of age for malcs. A trend for increasing body weight 
(~6-10% greater than controls) was observed in animals dosed with 5 mgikg at 13 weeks and in animals dosed with 1 and 3 mgikg at 48 
weeks. 

Deficits in early postnatal growth and development also were manifested by significant delays (p _< 0.05) in eye opening at doses _> 5 
mgikgiday. Slight delays (p < 0.05) in vaginal opening and in time to estrous were observed at 20 mg!kgiday in females; in contrast, 
significant accelerations (p _< 0.05) in sexual naaturation were observed in males, with prepntial separation occurring 4 days earlier than 
controls at the 1-mg/kg/day dose and 2-3 days earlier in the 3-10-mg/kg/day dose groups, but the 20-mg/kg/day dose group was only 
slightly delayed compared to controls. 
Developmemal NOAEL = NA 
Developmemal LOAEL = 1 mg/kg-d (LDT), based on delayed ossification mad accelerated pubertal developmem as well as trend for 

decreased pup body weight 

Authors conducted BMD modeling: Values for the benchmark dose (BMD for the ~natemal and developmeutal endpoints (BMDs and 
BMDL~) were calculated: 

Endpoint                          BMD~ (mg/kg-d)                      BMDL~ (mg/kg-d) 
Decreased maternal weight gain 6.76 3.58 
Increased maternal liver weight at term 0.20 0.17 
Neonatal mortality (determined by survival 2.84 1.09 
to weaning) 
Delayed eye opening 2.64 2.10 
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Alterations in postnatal growth & 1.07 0.86 
development a~ad decreased pup body 
weight at weaning 
Reduced phalangeal ossification <1 <1 

Co-critical Study(s): 

Studies with measured or EPA modelled serum concentrations - 

2 Gen Garage Study in Rats (Butenhoffet al 2004) 
2-Generation Garage Study in Sprague-Dawley Rats (Butenhqff et a12004a) 
Five groups of rats (30 gendedgroup) were administered PFOA by garage at doses of 0, 1, 3, 10, and 30 mgikgiday. At scheduled sacrifices were 
after completion of the cohabitation period in F0 male rats and on lactation day (LD) 22 in F0 female rats. Rapid elimination in female rats 
compromises the utilit~ of results. Males F0 - Measured final serum concentration: NA, NA, 51.5, & 45.3 ug/mL. EPA modelled average serum 
concentrations 45.9, 101.2, 171.1, & 204.4 ugimL. Effects observed at LDT are considered co-critical as they occur at serum concentrations that 
are similar to the critical study LOAEL serum concentration (~38 ug/mL): F0 males - increased relative liver weights (21, 47, 61, & 84%, p<0.0 l) 
as well as increased relative kidney weights (16-17, 22-23, 21-22, 23-27%, p<0.01). F 1 adult males - decreased body weight at termination (6, 6, 
11, & 22%), increased relative liver weights (20, 40, 53, & 76%) and relative kidney weights (11-13, 18-19, 17, & 16-17%). For summary of 
effects observed at other dose levels see Table 6-A1 above. 

Mamma~~ Developmental Garage Study in iMice (Macon et al 2011) 
Cd-1 mice were gavage-dosed with 0, 0.3, 1.0, or 3.0 mg PFOA!kg from GD 1 to GD 17 or with 0, 0.01, 0.1, and 1.0 mg PFOA/kg from GD 10 to 
GD 17. In the fidl gestation experiment (Study # 1) (GD 1-17), offspring were sacrificed on PNDs 7, 14, 21, 28, 42, 63, and 84, and in the half 
gestation experiment (Study #2) (GDs 10 17), female offspring were sacrificed on PNDs 1, 4, 7, 14, and 21. 

Study # 1 (GD 1-17) serum concentrations were measured in female offspnng on PND7 (earliest time point) 4.98, 11.026, & 20.7 ug/mL & PND 14 
(peak levels) 4.535, 16.95, & 26.525 ug/mL. EPA modeled ave serum value @0.3 mgikg-d was 12.4 ug!mL (Table 4-8). Values for other doses 
not reported. Using the ave serum concen calculated for pregnant CD-1 from Lau et al & Wolf et al the ave serum concen for 1 & 3 mg/kg-d 
would be 38 & 77.8 ug/mL. Effects obseneed at the low and mid dose groups are considered co-critical as they occur at or below serum 
concentrations that are similar to the critical study LOAEL serum concentration (~38 ug/mL): @ lmve dose - increased pup relative liver weight 
on PND7 (M/F: 26"/19", 59"/38", & 97*176*%, p<0.05) m~d delwcd mammary gland development (F pups) @PNDI4 & 21 (however, 
developmental scores did not show dose-related trend - e.g., PND21 : 1.9, 1.3, & 1.6 vs 3.4 for controls). @ mid dose -increased relative liver 
weight on PNDI4 (M/F: 17126" & 41 *158*%) and delayed mammaW gland development (F pups) @PND7 to 84 

Study #2 (GD 10-17) Gavage @adm dose 0.01, 0.1 & 1 mg/kg-d/based on Study # 1 serum levels likely within co-critical rang(] - @lowest dose - 
statistically significant decrease in qualitative developmental scores ~sa~PND21 for mammaD gland (2.2, 1.8 & 1.6 vs 3.3 in controls). @mid dose - 
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statistically significant decrease in number oftemlinal end buds. @ high dose - statistically significant decrease in quantitative mamma~3" 
development scores and increased liver weights. For summary of effects observed at other dose levels see Table 6-A1 above. 

Inmaune Drinking Water Study in Mice (DeWitt et al 2008) 
Two studies of dose-response were included - groups of 16 female C57BL/6N mice were given 0, 3.75, 7.5, 15, and 30 mg PFOAikgiday in the 
drinking water for 15 days during the first experiment. In the second experiment, the doses were 0, 0.94, 1.88, 3.75, and 7.5 mg PFOAikg/day 
administered for 15 days in the drinking water. The immunological sensitization and postdose monitoring were identical to that used in the 
constant dosing versus recover?.’ experiment. Measured final serum concentrations @day lpost-dosing: NA, NA, 74.9, 87.2, 128.1, or 162.6 
ugimL. EPA modelled average serum concentration: 20.2, 38.2, 61.9, 84.4, 111 and 155 ugimL. Effects observed at the lower two dose groups are 
considered co-critical as they occur at or below serum concentrations that are similar to the critical study LOAEL serum concentration (~38 
ugimL): @20.2 ug/mL increased relative liver weight (51-70% one day post treatment & 45-61% 15 days post treatment), however, data was not 
shown within publication. @61.9 ug/mL decreased absolute and relative spleen weight post dosing (PD) day 1 (by PD day 15 returned to control 
levels) (16’, 18, 31’, & 40* %, * p<0.05), decreased IgM response to SRBC challenge (7-11%, increasing to 29% @) highest dose), and increased 
IgG response @ this dose level & 84.4 ug/mL but not higher doses. Author BMD~sD = 53 ugimL for decreased IgM serum titers. For summary of 
effects observed at other dose levels see Table 6-A1 above. 

13 Week Dietary Study in Rats (Perkins ct al 2004) 
Male ChR-CD mrs (45-55 per group) were administered concentrations of 1, 10, 30, and 100 ppm PFOA for 13 weeks. These doses are equivalent 
to 0.06, 0.64, 1.94, and 6.50 mg/kg/day. There were two control groups--a nonpair-fed control group and a pair-fed control group for the 100-ppm 
dose group); both were fed the basal diet. Measured final serum concentrations: 7.1, 41, 70, and 138 ugimL EPA modelled average serum 
concentrations: 3.3, 31.6, 76.9, and 149.3 ugimL. Effects observed at the lower two dose groups are considered co-critical as they occur at or 
below serum concentrations that are similar to the critical study LOAEL serum concentration (~38 ugimL): @31.6 ug/mL - increased relative 
liver weights @wk 4 (13, 45, & 70%) & 13 (4.5, 19, & 56%) w/hepatocellular hypertrophy and increased hepatic pahnitoyl CoA oxidase activity 
(gt) ~vk 4 (75*, 200* & 363*#%, *p<0.05 vs ad lib controls, #p<0.05 pair-fed controls), @wk7 (128,357’, 671 *#%), & @ 13 wk (25, 75#, & 
113*#%). Progression of liver toxicity is seen by mild to slight coagulative necrosis at next dose level up (~2.4-fold higher). For summary of 
effects observed at other dose levels see Table 6-A 1 above. 

26 Week Oral Capsule Study in Monkeys (Thomford 2001 and Butenhoffet al 2002 
Male cynomolgus monkeys (n - 4 or 6 per dose) were administered PFOA by oral capsule containing 0, 3, 10, or 30/20 mg/kg/day for 26 weeks 
(Butenhoffet al. 2002). Dosing of animals in the 30-mg;&giday dose group ceased after 12 days and decreased to 20 mgikgiday ~,hen reinstated on 
day 22 because of low :food consumption, decreased body weight, and decreased :feces. Measured steady state serum concen (Butenhoff 2004b) 
were reported to be 814-40, 994-50, & 1564-103 ugimL. EPA modelled average serum concentrations: 87.0, 126.6, and 162.5 ugimL. The serum 
concentration at the LDT exceeds the co-critical range. However, the LDT was a LOAEL. BMD modeling identified BMD~o for increased 
absolute liver weight to be 33.2 ugimL and BMD~s~:) for triglycerides 45.9 ugimL. For summap£ of effects observed at other dose levels see Table 
6-A1 above. 
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Studies without measured or modelled serum concentrations - 

2 yr Dietary Smdv in Rats (Sibinski et al 1987 and Butenhoffet al 2012) 
Sprague-Dawley (Crl:CD BR) rats (50 per gender) were fed diets containing 0, 30, and 300 ppm PFOA (0, 1.3, and 14.2 mg/kg!day for males; 0, 
1.6, and 16.1 mg/kgiday for females). Groups of 15 additional rats per gender were fed 0 or 300 ppm PFOA and evaluated at the l-year interim 
sacrifice. Measured or modelled serum concentrations are not available. However, based on other rat studies effects observed at the LDT would be 
within the co-critical range: @1.3 mg/kg-d- increased ALT in males (e.g., @12 mons 132’ & 217*% vs control levels, *p<0.05), AST (e.g., @ 12 
mons 57* & 68*% vs control levels) & ALP (e.g., @ 12 mons 21 & 57*% vs control levels) from 3 to 18 months, but only at 24 mons in high 
dose grp as well as testicular vascular mineralization (6 & 18*% vs 0% in controls). For summary of effects observed at other dose levels see 
Table 6-A 1 above. 

Developmemal Garage (GD0-17 or 18) Study in ICR Mice (Yahia et al 2010) 

Pregnant ICR mice (n = 5 per group) were garage-dosed with 0, 1, 5, and l0 mg PFOA/kg/day from GDs 0-17 or 0-18. The dams dosed from 

GDs 0-17 were sacrificed on GD 18, and the fetal skeletal morphology was evaluated. Dams dosed from GDs 0-18 were allowed to give birth and 

their offspring were either processed for pathological examination or observed for 4 days for neonatal mortality. Measured or modelled serum 

concentrations arc not available. However, based on other rat studies effects observed at the LDT would be within the co-critical range: increased 

relative maternal liver weight (35*, 115*, & 185**%) with hepatic hypertrophy. Increased liver enzyme levels (AST, ALT, ALP) and changes in 

triglyceride were reported at the ne~ highest dose level indicating a progression of liver toxicity. Increased relative kidney ~veight (16"*, 14.5’, & 

27**%) weights. Authors reported that renal cells in outer medullar & proximal tubule were slightly hypertrophic (however, no incidence data or 

dose-response data were provided) and increased BUN (27.8*, 25.4 & 20.5 vs control 22.6) & phosphorus - - both with no clear dose response. 

For summary of effects observed at other dose levels see Table 6-A1 above. 

Liver Developmental Garage Study in Mice (Quist et a12015) 
Pregnant CD-1 Mice (N=17-21 dams/dose) were garage-dosed with 0, 0.01, 0. l, 0.3, or 1 mg/kg-d on GD1-17. On PND35 offspring were placed on 
HFD with 60% kcal% fat or comrol diet with 10% kcal% fat (1 pup from 7-10 danas/dose grp). Measured or modelled serum concentrations are 
not available. However, based on other studies in mice the effects obseta.~ed at these doses would be within the co-critical range: increased 
hepatocellular hypertrophy @PND91, lower LDL, HDL and triglyceride levels, mad increased relative liver weight. 

4 Week Gavage Study in Mice (Yang et al 2009) 
21-day-old female BALB/c mice (5 per group) were gavage-dosed with 0, 1, 5, and 10 mg PFOAikgiday for 5 days per week for 4 weeks to 
determine the effects ofperipubertal PFOA exposure on puberty and inammary gland development. 21-day-old female C57BL/6 mice were also 
dosed in the same manner and examined the effects of PFOA on mammary gland development and vaginal opening. Measured or modelled serum 
concentrations are not available, iHowever, based on other studies in mice the effects observed at the LDT would be within the co-critical range: 
female BALBic - increased absolute and relative liver weight; decreased absolute and relative uterine weights, and delayed vaginal opening (VO) 
VO did not occur at 5 or 10 mg/kg-d. C57BL/6 - -increased absolute and relative liver weight and increased absolute and relative uterine weights. 
For summary of effects observed at other dose levels see Table 6-A1 above. 
~IDH Nows: ejfect on u~er~ne wt ~s m opposing d~recdons and delayed VO at th~s dose level ~s not consistent with other smcl~es] 
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Mammary Gland Development Study in Mice (Tucker et al 2015) 
Study of the effects ofgestational exposure on mamlnary gland development as measured at prepubertal time points. Doses of 0, 0.01, 0.1, 0.3, and 
1 mg/kg/day were administered to timed pregnant CD-1 and C57B1/6 mice by gavage on GD 1-17.Serum measured @PND 21, 35 & 56 in CD-1 
mad PND21 & 61 for C57BL/6 - - but earliest time point was still -22 days after last exposure. However, based on other studies in mice the 
effects observed at these doses would be within the co-critical range: CD-1 mice - @>0.01 mg!kg-d decreased qualitative mamma~~ gland 
develop score @PND35 (2.3, 2.2, 2.3, & 1.9 vs 3.1 in controls) but inconsistent dose-response @PND56 and nonsignificant increase in 
progesterone levels. @0.1 mgikg-d decreased qualitative mammaq~ gland score @PND21 (2.3, 2.0 & 1.7 vs 2.9 in controls), and @ 1 mg/kg-d 
decreased relative liver weight @PND21 (12%) and decreased net BW @PND21 & 35. C57B1/6 mice @>0.3 mg/kg-d decreased qualitative 
mammary gland develop score @PND21 (1.8 & 1.8 vs 2.9 in controls) and PND61 (2.1 & 1.7 vs 2.8 in controls), ffffDH Nows: Quantitative 
scoring ~ot conducted quantitative (rather than qualitative) mammary developmental scores w~ll be relied upon for identoqcat~on of co-critical 
~f¢’ects.] For summa~ of effects observed at other dose levels see Table 6-A1 above. 

21 Day Drinking Water Studies in Mice (Son ct al 2008 and 2009) 
2008 study - male ICR 1nice (N = 10/group) were exposed via drinking water to 0, 0.49, 2.64, 17.63 or 47.21 mgikg-d for 21 days. Measured or 
modelled scram concentrations arc not available. However, based on other studies in mice the effects observed at the lowest two dose lcvcls would 
bc within the co-critical range: increased relative liver weight (27%) and increased plasma. ALT (50%). 
2009 study - 4 week old male ICR mice (N=10/group) were exposed via drinking water to equivalent to 0, 0.49, 2.64, 17.63, and 47.21 mg/kg for 
21 days to determine if PFOA alters T lymphocyte phenotypes and c~okine expression in mice. Measured or modelled serum concentrations are 
not available. However, based on other studies in mice the effects observed atthe lowest two dose levels would be within the co-critical range: 
50% decrease in splenic CDS+ 15~phocytes. 

For summaq" of effects observed at other dose levels see Table 6-Al above. 

29 Da~" Gavage Study in Mice (Loveless et al 2008) 
Male CD-1 mice (20/group) were administered 0, 0.3, 1, 10, and 30 mg linear PFOAikg by oral gavage fbr 29 days. Measured or modelled serum 
concentrations are not available. However, based on other studies in lnice the effects observed at the lowest taro dose levels would be within the 
co-critical range: @> 0.3 mgikg-d - increased incidence of microscopic lesion in the liver including mild hepatocellular hypertrophy, increased 
absolute (25, 84*, 240*, & 230*%, p<0.05) and relative (33, 179", 292*, 317*%) liver weights. @> 1 mgikg-d - decreased HDL (29*, 39*, & 
56* %), moderate-to-severe hypertrophy & individual hepatic cell necrosis (11/20, 20/20, 19/20 vs. 0/19 in controls), liver focal necrosis (3/20, 
4/20, 7/19 vs. 0/19 in controls), and decreased absolute (11, 44’, & 56*%) and relative (14’, 35’, & 45*%) spleen weights. For summary of 
effects observed at other dose levels see Table 6-A 1 above. 
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Table 6-A3. Co-crltlcal Effects Summary 
Critical LOAEL~IrD = 38 ug/mL serum concentration @LOAEL from Lau et al 

2006 based on EPA serum modeling 

!NO TE: Not cdl s~udies have measured or calculated serum 

conce~m"atiom. Hq~e~ approprmte the oral dose vs EPA 

predicted average serum co~wemration relat~omh& for 

v~rious s~rain.s~/spec~es/~/urc~tio~s w~s used m assist in 

iden~j.,ing whether ~he ~5~’c~s rel~orted in studies which did 

no~ h~we average serum concentrcmon likely occurred ar 

serum co~Tcentra~ions at or below .-~60 u~/mL 

(approximately 1.5-fi~M qf ~he serum benchmark above.] 

Study (source and date): *Studies w#h FJ~A modelled avera.~e serum cor~cemratiom are presented 

~3rst, fidlowed by studies which were identified by extrapolating from the 

dose vs predicted serum coneentratio~ relationships (see relevant worksheet 

wid~in the Exce! file at O: ’J-IRA’~COMMONiGuida~we - Water’~Tox reviews- 

completedVqnal’d~I;OA ’,EPA 2016HA Pt, OA A dmDoseToSerumExtrap..~Tsx, 

Effects to be included as co-critical are bolded 

Rats - 
1. 13 ~,eek Dietary Study in ChR-CD Rats (Perkins et al 2004) 
@~31.6 ug/mL [adm dose 0.64 mg/kg-d]: increased relative liver 

weight @wk 4 (13%) and wk 13 (4.5%) accompanied by 
hypertrophy and increased hepatic palmitoyl CoA oxidase 
activity. Mild to slight coagulative necrosis at next dose level up 
(~2.4-fold higher) 

2. 2-Generation Garage Study in Sprague-Dawley Rats (Butenhoffet 
al 2004a) 

@45.9 ugimL [adm dose 1 mg!kg-d]: F0 & F1 Males - increased 
relative liver (~20%) and kidney (>10%) weights (both F0 and F1 
males)./~’vIL)H Notes: not clear ~fhistological evaluations were 
conducted however other studies that do include additional liver 
parameters report more than liver wt changes.] 

Rat studies estimated serum concemrations 
a. 29 day Gavage Study in Male CD Rats (Loveless et al 2008) 

@0.3 & 1 mgikg-d adm dose [based on Butenqffet al 2004 
serum levels likely <60 ug/mL] - increased liver wt (not 
significant until 10 mgikg-d adm dose), minimum to mild 
hepatocellular hypertrophy, as well as decreased triglyccndcs, 

HDL mad nonHDL cholesterol (however no clear dose 
response)/MI)H Notes: due to lack of clear dose response 
reported ejfects will not be considered as co-critica!] 

b. 2 yr Dietary Study in Cfl:CDBR Rats (Sibinski et al 1987, 
published as Butenhoffet al 2012) 
@1.3 mgikg-d adm dose [based on Butenhoff et al 2004 
(assumed at steady state) serum levels likely <60 ug/mL] - 

increased ALT (132%) & AST (57%) in males at 12 months. 
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Liver lesions observed at next dose levels up (which was 10- 
fold higher) 

Mice - 
Mammmy Developmental Gavage Study in CD-1 Mice (Macon et 
al 2011) 
Study # 1 (GD 1-17) Gavage @12.4 & 38 ug/mL [adm dose 0.3 & 1 
mgikg-d] - increased relative liver wt at PND7 (M/F 26/19 & 
59/38% at 0.3/1) and 14 (M/F -17/26’ at l vs controls) and delayed 
mammary development based on qualitative scores (scores, 
however, did not show a dose-related trend) in offspring exposed in 
utero. 

Study #2 (GDI 0-17) Gavage @adm dose 0.01, 0.1 & 1 mg/kg-d 
[based on Study #1 serum levels likely <60 ug/mL] - decreased 
qualitative mammary development scores@all doses. Decreased 
quantitative mammary gland development scores only @high 
dose. Increased liver wts also observed ~highest dose. [~IDH 
Notes: histological evaluation of liver does not appear to have been 
conducted, however, resulls f~om other studies report altered 

hepatic parameters at serum concentrations associated w/adm dose 
of I mg/kg-d]. 
hnmune Drinking Water study :in Adult Female C57BL/6N Mice 
(DeWitt et al 2008) 
@20.2 ugimL [0.94 mg/kg-d adm dose] - increased rel liver wt 
(~50%) ~DH Notes: data was not shown within publication. Not 
listed as co-critical but liver alrea@ included as Additivity 
Endpoint. ] 
@61.9 ughnL [3.75 mg/kg-d adm dose] - decreased spleen wt, 
decreased IgM response to SRBC [Author BMD~ s~z - 53 ugimL 
for decreased lgM serum titers] 

Mice studies estimated ’average ’ serum concentrations 
a. Developmental Garage (GD0-17 or 18) Study in ICR Mice 

(Yahia et al 2010) 
@1 mgikg-d adm dose [based o~ Lau et a12006 serum 
,~evels would likeO~ be <60 ug/mL] - increased maternal 
relative liver (35%) weight (wlhepatic hypertrophy) with 
liver enzyme (increased AST, ALT, ALP) and triglyceride 
changes at next highest dose level). Increased relative 
kidney (16%) weights (slightly change in renal cells in 
outer mcdullar & proximal tubule slightly hypertrophic and 
increased BUN noted by authors but quantitative results not 
provided therefore these ~ffects will not be listed) 

b. Developmental Garage (GD11-16) Study in CD-1 Mice 
(Suh et al 2011) 
@2 mg/kg-d adm dose (LDT) [based o~ Lau et al 2006 
(GDI-17) serum levels’ m~gjTt be <60 ug/mL] decreased 
placental weight, incrcascd incidence of rcsorption & dcad 
fetuses (post-implmatation loss 8.8% vs 3.9% in controls) 
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~,lDH Notes: too much uncertain& re: serum leve& & 
consistency with other studies not listed as co-critical] 

c. Targeted Developmental Garage (GD 1-17) in CD- 1 Mice 
(Quist et al 2015) 
@0.3 & 1 mg/kg-d adm dose [based on Eau et al 2006 
serum levels would likely be <60 ug/mL] - reported 
hepatocellular hypertrophy and changes in triglycerides 
as well as cellular damage and mltochondrlal 
abnormalities in hepatocytes of offspring only exposed 
in utero. 

d. 4 week (5 d/wk) Garage Study in BALBiC or C56BL/6 
Female Weanling Mice (Yang et al 2009) 
@1 mg!kg-d adm dose [based on DeWitt et al 2008 serum 
levels likely to be <60 ug/mL] - BALB/C - increased liver 
wts w/dose-dependent increase in hepatocelhllar 
hypertrophy, decreased t~terme wts & delayed vaginal 
opening. C57BL/6 - increased liver wts w/dose- 
dependent increase in hepatocellular hypertrophy & 
increased uterine ~vts./~9[1)H ?vbtes: effect on uterine wt is 
in opposing directions will not include as co-critical 

effoct. Delayed VO not consistent with other studws will 
not be included as co-critical] 

e. Neurodevelopmental dietary study in C56BL pregnant mice 
(Onishchenko et al 2011) 
~,2(~0.3 mg/kg-d adm dose - gender specific changes in 
circadian activity. ~DH Notes: small group size (6/,,¢rp), 
animals housed 3-4 per cage, not clear if litter effects were 
control!edJbr, and only one treatment group evaluated 
thereby preclucOng dose-response assessment. Effects will 
not be identified as co-critical. ] 

f. Multigenerational Gavage (GDI-17) + Drinking Water 
Study in CD-1 Mice (White et al 2011) 
> 0 mg/kg-d garage + 5 ppb DW- decreased qualitative 
mamma~ gland development scores 
1 mg/kg-d gavage adm dose - decreased qualitative 
mammary gland development scores & increased liver wt. 

/A4DH Notes. due to combination of gavage ~ i) W 
exposure & measurement of serum concentrations post- 
weaning results in great uncertainO, regarding serum 
levels. Effects reported m this stu@ w, ill not be included as 

co-critical. However, other studies have assessed lhese 
ejJkcts and will be used to #fibrin ident~[ication of co- 

critical.] 
g. Mamma~y Gland iDevelopmental Garage (GD 1-17) study in 

CD-1 and C57BL6 Mice (Tucker et al 2015) 
@0.01, 0.1, 0.3 & 1 mgikg-d adm dose in CD-1 mice and 
@0.3 & 1 mg/kg-d adm dose in C57BL6 mice/based on 
Lau et al 2006 & FIq~ite et al 2007 the serum levels would 

likely be ~-28, 29, 32 & 42 ug/inL & thereJbre <60 ug/mL]- 
decreased qualitative mammary gland developmental scores 
in offspring Quantitative scoring ~vas not conducted 
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~4DH Notes: quantitative (rather than qua#tative) 
mamma~;v developmental scores will be relied upon for 

ident(tTcation of co-critical ef.f~,cts.] 
1 mgikg-d adm dose in CD-1 mice - increased tel liver 

wts in offspring (12% at PND21) [MDH Notes: 
histological evaluation qf liver does not appear to have 
been conducted, however, results from other studies report 
altered hepatic Darameters at serum concentrations 
associated wiadm dose qflup to l mg//~g-d 

h. 21 day Immunotox Drinking Water study in 4 wk old Male 
ICR Mice (Son et al 2009) 
@0.49 & 2.64 mg/kg-d adm dose [based on 1)eWitt et al 
2008 serum levels would likely be <60 ugimL] - decreased 
splenic CDS+ lymphocytes 

i. 15 day lmmunotox Drinking Water study in PPARRKo & 
C57BL/6-Tac WT Female Mice (DeWitt et al 2015) 
Study #2 @1.88 mgikg-d adm dose [based on DeWitt et al 
2008 serum levels wouM likely be <60 uL,/mL [ - %11% 
decreased antibody response./ivll)HNotes: response is 
marginal and clear dose response was not observed 

e.ffOcts will not be included as co-critical. ] 
j. 21 day Drinking Water study in Male ICR Mice (Son et al 

20O8) 
’~,,0.49 & 2.64 mg/kg-d adm dose [based on DeWitt et al 
2008 serum levels would #keiy be < 60 ug/mL] - increase 
rel liver wt and increased plasma ALT (@2.64 mgikg-d). 

k 29 day Garage Study in Male CD-1 Mice (Loveless et al 
2008) 
~,0.3 & 1 mgikg-d adm dose [based on Del~tt et al 2008 
~ [~u et a12006 serum levels likely <60 ug/mL] - 
increased incidence of microscopic liver lesions & liver 
wt, decreased HDL, moderate-to-severe hypertrophy & 
individual cell necrosis in liver, decreased spleen wts 

1. 6 week Testicular toxicity Garage Study in Male 
humanized PPAR(~ Mice (Li et al 2011) 
@1 mg!kg-d adm dose [based on DeWitt et al 2008 & Lau 
et a12006 serum level~ are likely < 60 ug/mIff - increased 
sperm abnormalities and decreased testosterone. Testicular 
lesions were observed at the next dose level up (5 mgikg-d 
adm dose). ~lDH Notes: study does raise questions and 
supports the need for~i~rther stud..v. However, these e~ffbcts 

will not be identified as co-critical due to study qua#O, 
concerns including: group size and only one time point qfl 
ana@~is for evaluating highly variable spermatogenic and 
kormonal parameters ; testes kistopatk was not quant{fied 
or evaluated statistically; absence oj’moliIi& data (Io 
indicate (fibase#ne data shows acceptable procedures9; and 
[aek of reporting & quant{Ocation qf spec(Oc types of sperm 
abnormalities.] 

m. Hormonal latency study of CD-1 mice gestationally 
exposed (GDI-17) (Hines et al 2009) 
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Monkeys - 
1. 

Co-Critical Effects: 

Health Endpoints: 

@0.01 - 0.3 mgikg-d adm dose [based on Lau et a/2006 

serum levels’ would likely <60 ug/mL]- increased body 

weight, serum leptin levels and serum insulin levels at 21- 

31 weeks of age. No statis signif difference in fat-to-lean 

ratio at 42 weeks of age.[Ml)H Notes: the stud~v design and 

level of detail in reporting is inadequate to provide 

s~/~ciently robust data needed to assess metabolic impacts 

(e g., insulin can vary clue to fi~sting status, circadian cycle, 

age-matching, etc.) therefore these effects will ~ot be 

identified as co-critical at this time. Further study, 

replication and validation are needed. [ 

26 week Oral Capsnle Study m Male Cynomolgus Monkeys 
(Thomford 2001 & Bntenhoffet al 2002) 
~t) 87 ug/mL [LDT 3 mg/kg-d adm dose] - increased liver wt, 
evidence ofmitochondrial proliferation in liver, increased 
triglycerides (statis sign at next dose level up), and decreased tT4 & 
fT4. ATSDR (draft 2015) BMD~o for ]’absol and rel liver wts 22.01 
ugimL and 53.04 ugimL. MDH BMD for absol liver wt 33.2 ug!mL 
and BMD~s> tbr triglycerides 45.9 ug!mL. MDH attempts to model 
relative liver wt, tT4 or fT4 were unsuccessful. ~DH Notes. T4 
changes were observed at the LDT (serum level 87 ug~mL) which is 
> 2zfold higher than the co-critica! benchmark serum level of 39 

ug/mL, B~rD mocleling was unsucces~d. Decreased thyroid 
hormone levels" were also reported in rats’ O~Iartin et al 2007) but 
unJbrtunately only one high dose level was tested (20 mg/kg-d adm 
dose). 7hereJbre, at this time there is insuj]icient data to include 

changes in T4 as co-critical] 

Increased liver weights w/histological changes (e.g., hepatocellular 
hypertrophy, cell necrosis) changes in triglyceride and cholesterol levels, 
increased AST, ALT & ALP; increased kidney wt decreased splenic CDS+ 
lymphocytcs, dccrcascd splccn wt & dccrcascd lgM rcsponsc; and 
developmental (delayed mamlnary gland development based on qum~titative 
scoring, hepatic effects following in utero exposure only - liver weights, 
cellular damage, mitochondrial abnormalities). 

Critical Endpoints Developmental (based on delayed ossification, 
accclcratcd prcputial scparation, & trcnd [br dccrcascd pup body wcight), 
Hepatic (liver) system 

Co-Critical Endpoints - Developmental (mammaw gland development, 
hepatic effects); Hepatic (liver) system; Immune system; and Renal 
(kidney) system 
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~Vote: A comt:de~e ev~/uatio~ q/’the to.ricological literature w~Ts ~ot co~ctucted MI)H coi~ducted ajbcused re- 
ewduatio~ which relied upo~ EPA ’s hazc~rd assessment aml key study ide~(~k’ado.~ (E~A 20_16c0.] 

Endocrine Effects         Tested:         Yes 

Obse~ed: Yes (Sourco, in pa~, EPA 2016a) 

~yroid effects: 
~ree large epidemiological studies provide suppo~ for an 
association be~veen PFOA exposure ~d incidence or prevalence of 
thyroid disease in female adults or children, but not in males. In 
addition, associations between PFOA mad TSH have also been 
reposed in pregnant females with anti-TPO antibodies. However, 
no significant associations wcrc found between PFOA ~d TSH or 
~yroid ho~ones (T4 or T3) in people who have not been 
diagnosed with thyroid disease. 

Effects of PFOA on thyroid hom~ones in animals are generally not 
as well characterized as those of PFOS. Reduced total and flee T4 
were reposed in adult male rats and monkeys at serum levels > 500- 
fold higher than thc scram lcvcl corresponding to ~c RfD. 
However, these doses were ~e lowest doses tested wi~in the study 
m3d the dose-response relationship of serum total T4 with PFOA 
exposure has yet to be fully evaluated and the lowest effective dose 
remains unknown. 

Other endocrine effects beyond thyroid have not been well-studied, 
mad study results are not entirely consistent. Decreased testosterone 
and increased estradiol in male rats and mice hm~e been repoKed, 
but usually at higher PFOA levels than those which fom~ the basis 
of the ~. (See Reproductive Effects for additional information). 

Immunologic Effects Tested: Yes 

Observed: Yes (So~cc, in paK, EPA 2016a) 
Associations between prenatal, childhood, or adnlt PFOA exposure 
~d risk of infectious diseases (as a marker of immune suppression) 
have not been consistently seen in epidemiological studies. 
Although there was some indication of effect modification by 
gender (i.e., associations seen in female children but not in male 
children). ~ree studies have examined associations between 
matcmal and/or child scram PFOA levels and vaccine rcsponsc 
(measured by antibody levels) in children ~d adults. ~e study in 
adnlts was pa~ of the high-exposure community C8 Health Project; 
a reduced antibody response to one of the three influenza strains 
tested after receiving the flu vaccine was seen with increasing levels 
of serum PFOA. ~e stuNes in children were conducted in general 
populations in No,ray and in the Faroe Islands. Decreased vaccine 
rcsponsc in relation to PFOA lcvcls was sccn in thcsc studics, but 
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similar results also were seen with correlated perfluorinated 
chemicals and could not be attributed specifically to PFOA. 

Several animal studies demonstrate effects on the spleen and 
thymus weights as well as decreased immune response. These 
effects were observed at serum concentrations similar to the critical 
study LOAEL. The Immune system is listed as an Additivity 
Endpoint based on co-critical effects. 

Developmental Effects Tested: Yes 

Observed: Yes (Source, in part, EPA 2016a) 
There have been numerous human epidemiological studies 
examining PFOA exposure and developmental effects. Some studies 
reported an association between PFOA and birth weight. Most 
studies measured PFOA using maternal blood samples taken in the 
second or third trimester or in cord blood samples. Studies on the 
high-exposure C8 community population have not observed 
associations between PFOA and either birth weight among term 
births or the risk of low birth weight among all (singleton) births. In 
contrast, several analyses of general populations indicate a negative 
association between PFOA levels and birth weight, while others did 
not attain statistical significance. A meta-analysis of many of these 
studies found a mean birth weight reduction of 19 g (95% CI: -30, - 
9) per each 1-unit (ng/mL) increase in maternal or cord serum 
PFOA levels. However, when low GFR was accounted for in PBPK 
simulations, thc association reported bctwccn PFOA and birth 
weight is less than that found in their lneta-analysis of the 
epidelniology data and shows that, in individuals with low GFR, 
there are increased levels of serum PFOA and lower birth weights. 
This suggests that a portion of the association between PFOA and 
birth weight could be confounded by low maternal GFR under 
conditions such as preeclampsia and pregnancy-induced 
hypertension. 

Two epidemiological studies exmnined developtnent of puberty in 
females in relation to prenatal exposure to PFOA as measured 
through maternal or cord blood samples in follow-up of pregnancy 
cohorts, however, the results of these t~vo studies are conflicting, 
with no association (or a possible indication of an earlier menarche 
sccn with higher PFOA) in one study and a later mcnarchc sccn 
with higher PFOA in the other study. 

Among the animal studies, decreased postnatal growth leading to 
developmental delws (e.g., lower body weight, delayed eye 
opening, delayed vaginal opening, and accelerated preputial 
separation) has been observed. These effects form the basis of the 
RfD and were observed at serum concentrations ~300-fold higher 
than the serum concentration corresponding to the RfD. 
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Reproductive Effects 

Neurotoxicity Effects 

Tested: 

Observed: 

Tested: 

Observed: 

Qualitative scoring assessment found delayed mammaU glaud 
development of female offspring exposed in utero at serum levels 
just slightly higher than the sermn concentration corresponding to 
the RID. However, MDH had concerns regarding the inherent 
variability in qualitative scoring. The use of quantitative measures 
of average length of mammary gland ducts and number of terminal 
end buds in female pups were also assessed in one study and 
identified statistically significant delays at higher dose levels. These 
effects have been included as co-critical effects. 

An additional study evaluated the correlation between mamma~ 
duct branching patterns and the ability to support pup growth 
through lactation. No significant impacts were found. 

Doses resulting in sernm concentrations >700-fold higher than the 
serum concentration corresponding to the RID resulted in decreased 
neonatal survival. 

Yes 

Yes (Source, in part, EPA 2016a) 
A series of studies in the high-exposure C8 Health Project study 
population have reported associations between PFOA exposure and 
pregnancy-induced hypertension or preeclampsia. Limited data 
suggest a correlation between higher PFOA levels in females and 
decreases in fecundity and fertility, however, reverse causality has 
bccn suggested since birth and lactation arc climination routes. No 
clear effects of PFOA on male fertility endpoints have been 
identified. 

Among the animal studies, there was no effect of PFOA on 
reproductive or fertility parameters in female rats. iHowever, it 
should be noted that female rats have very" high elimination rate 
comparcd to malc rats or othcr species, lncrcascd full litter 
resorptions and increased stillbirths were observed in pregnant mice 
exposed at serum concentrations >700-fold higher thaw the serum 
concentration corresponding to the RfD. 

No evidence of altered testicular and sperm structure or function 
was reported in adult male rats exposed to doses producing serum 
conccntrations >350-fold highcr than the serum concentration 
corresponding to the RfD. One study has reported increased sperm 
abnormalities and decreased testosterone at dose levels similar to 
the critical study LOAEL, however, MDH has concerns regarding 
the quality of this study and other studies have reported these effects 
only at higher doses. 

Yes (limited) 

Yes (Source, in part, EPA 2016a) 
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The data pertaining to neurotoxicity (including neurodevelopmental 
effects) of PFOA are limited, but do not indicate the presence of 
associations between PFOA and a variety of outcomes. 
Epidemiological studies have found no association between 
maternal serum PFOA concentrations and fine motor skills, gross 
motor skills, and cognitive abilities of children aged 6 and 18 
months or bet~veen behavioral or coordination problems in children 
aged 7 years and prenatal PFOA exposure. Epidemiology studies of 
children derived from the NHANES and C8 populations found a 
weak statistical association between serum PFOA with parental 
reports ofADHD (Hoffman et al. 2010; Stein et al. 2013). 

Information from anin-~al studies is also quite lilmted. The offspring 
of mice fed PFOA throughout gestation had detectable levels of 
PFOA in their brains at birth. Locomotor activity, anxiety-related or 
depression-like behavior, or muscle strength were not altered. 
Circadian activity tests revealed gender-related differences in 
exploratory behavior patterns. In the social group setting, the 
PFOA-exposed males were more active and PFOA-exposed females 
were less active than their respective controls. The results of an in 
vio’o study ofhippocampal synaptic transmission and neurite 
growth in the presence of 50 ea~d 100 ~tmol PFOA increased 
spontaneous synapfic current and had an equivocal iInpact on 
neurite growth. These data suggest a need for additional studies of 
potential neurological effects of PFOA. 

Other Studles/Effects!Considerations 

7"an et a! (2013) acl EPA 2016a 
Study was designed to determine if dietaD~ fat content could be an important variable influencing the impact of PFOA 
on serum lipids Groups of seven or eight 4-month-old male C57BL/6N mice were given either a liquid regular fat 
diet (RFD) or a high-fat diet (HFD), with or without PFOA, for 3 weeks. The RFD provided 12% and the HFD 
providcd 35% ofthcir calorics from fat. The fats were primarily monounsaturatcd (olive oil) or pol?~ansaturatcd 
(safflower and corn oil). PFOA was added to both diets for 3 weeks at a level that maintained a dose of 5 mg/kgiday 
to the mice. The PFOA treated groups were fed ad libitum, and the control groups were given the amount consumed 
by the PFOA-treated groups the previous day. 

The fat content of the diets alone resulted in significant differences in body weight and subcutaneous white adipose 
tissue, but not in liver weight. The addition of PFOA to the RFD resulted in significant increases in body weight, liver 
weight, ALT, ALP, and plasma frcc fatty acids, but not in AST or bilirubin. The addition of PFOA to both the RFD 
and HFD resulted in decreases in the mass of both epididymal and subcutaneous white fat deposits. The HFD alone 
did not result in definitive alterations in liver histopathology. When PFOA was added to the RFD, indications of 
hepatoc~e hypertrophy, necrosis, and inflammatory cell infiltration were observed. The liver damage in the animals 
being fed the HFD with PFOA was increased more than in the RFD-PFOA animals, as indicated by higher levels of 
necrosis and inflammation accompanied, in this case, by lipid droplet accumulation and significantly increased liver 
triglycerides, but not liver cholesterol or free fatty acids. In the epididymal adipose tissues, adipoc.~e size was 
increased in the HFD control compared to the RFD control but decreased with the addition of PFOA compared to 
both the RFD and HFD controls. Inflmnmatory cell infiltration was observed in the epididy3nal adipose tissues when 
PFOA was added to the HFD but not the RFD. No data for the subcutaneous white fat tissues was provided. 
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The authors evaluated the hepatic expression of 84 genes involved in the regulation of fatty acid metabolism using 
RT2 Profiler PCRArrays. HFD and/or PFOA altered the expression of 33 genes (> 1.5 fold). PFOA alone 
upreNflated 13 genes (> 1.5) and downregulated 4 (> 1.5) genes with fatty acid and triglyceride catabolism. Eight fatty 
acid transport-related genes were upregulated by PFOA and one was downregulated. The study demonstrates the 
importance of the fat content of the diet as a modulator of the effects of PFOA on the liver in animals. Danmge to the 
liver tissues was intensified in the presence of the HFD 

Wol!’et a! 2008a aci Et’A 2016a 
To characterize hepatic effects wild-type 129S 1iSvhnJ mice (n - 7-8 per group) and PPARct-null nfice (129S4iSvJae- 
PPARmmlGonz/J, n = 6-8 per group) were gavage-dosed with 0, 1, 3, or 10 mg PFOA/kg or 50 mg Wyeth 14,643 (a 
PPAR~ agonist) mad wild-type CD-1 (n = 7-8 per group) with 0, 1, and 10 mg PFOAikg for 7 days. The mice were 
sacrificed 24 hours following the last dosing. Blood was collected for serum, and the livers were removed and 
weighed. Liver sections were stained with hematoxylin and eosin for examination by light microscopy and with 
uranyl acetate for transmission clcctron microscopy. Livcr scctions wcrc also processed for immunohistochcmistry of 
PCNA. Hepatocyte hypertrophy and vacuolation, obse~wed in both strains of wild-type mice, were assigned a score 
from 0 to 4 based on severity, with 0 being no lesions observed and 4 being panlobular hypertrophy \~ith cytoplasmic 
vacuolation. Hepatic lesions in PPARa-null were assigned a score (0-4) based on c~oplasmic vacuolation as no 
hypertrophy was observed. 

Compared to control values, the absolute mad relative liver weights, lesion score, mad labeling index were significantly 
increased (p<0.05) in a dose-dependent manner in both strains of wildtype mice exposed to PFOA and also were 
significantly increased (p<0.05)in the wild-type 129S 1/SvlmJ mice exposed to Wyeth 14,643. The absolute and 
relative liver weights and lesion score were significantly increased (p_<0.05) in a dose-dependent manner in all PFOA- 
exposed PPARc~-null mice. The labeling index was significantly increased (p<0.05) in PPAR~z-null mice exposed to 
10 mg PFOA/kg. Absolute and relative liver weights, lesion score, and labeling index of PPARa-null mice exposed to 
Wyeth 14,643 were no different from control values. (see Table 3-15 from EPA 2016a below) 

I mg;kgiday PFOA 

3 mg~:kgiday ?t:’OA 

I0 mgNgiday PFOA 

Relative Liver 

Group Liver Weight (g) WeigM (%) Le:sio~ Score gabeRng In(~ex 

~R(l-type CD-1 Mice 

...... : 0.~4 6,5 ~ 0.5"           2 1 ~ 0.9 0,7 ~ 0.5 I mg;k~.,:dav PFOA 2,26 : "" 
I0 mg,kglday PFOA 3,48 ~ 0,54~ 10.5 : 0,8" 3,0 ~ 0* 7,7 ~ 30* 

Wild {)])e 129S1iSvhna 

Con~’o:l 0.87 ~ 0.08 3.3 ~ 0.4 0.3 ~ 0.5 0.3 ~ 0.2 

I mgikgiday PFOA 1,22 ~ 022" 1,6 m 0,T 2,0 ~ 0,0~ 0,7 ~ 0.6 

........ =0.aa 8,3 0,2* 10 mg:k~.,"dav PFOA ~ 2,20 ....... ~ 4,0 ~ 0,0~ 2,4 ~ 0,9* 

14,643 

PPAR~ m~II Mire 

02)2 ¯ 0,08 3,4 

2_g ~ 0 18~ 9.4 
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Ultrastructure evaluations were done on liver sections from wild-type 129S1/SvlmJ mice and PPARc~-null mice, bm 
not from CD-1 mice. There were the expected differences in the characteristics of hepatocytes from the control wild- 
type mice when compared to both the PFOA-treated and Wyeth 14,643 wild-type mice. In the PPAR~-null mice, the 
responses of the control and Wyeth 14,643-dosed animals were similar, but the response of the PFOA-dosed animals 

differed. (sec Table 3-16 from EPA 2016a below) 

Table 3-16. Mouse Hepatocyte Ultrastructure After PFOA or ~,Vythe 14,643 Ireatment 

Gol~ii Roll~ Lipid-like 
Mo~se:ire~¢ment Glycogen ER Mitochondl~a Peroxisom~s Vacuoles 

Wiid-~e:’PgOA Negative Nolr~nat: ~cmce Nmnero~s Numervus Scattered 
(10 mgikg) ER 

Wild-wc~Wycth Negative No:mmaF scagcc Nmncmas Numerous Sca~c:rcd 
ER 

PPARc:-null/Control ~’onm~m~l Pro~nent Nume~o~s Ab:,;em Sca~{ered 

PP,~(c-nulFPFOA Lhniied Linfi~ed Not rc~or~ed Not tcpo~~ed Numerous’ 
(10 rag&g) 

PPARw-tmlFWyeth ~omme~l Prommem Numero~s Ab:sen~ Sca~ered 

Source: Wolf e~ ai, 2008a 

It is apparent that PFOA and Wyeth 14,643 behaved similarly in the wild-type strains but differently in the PPAR~z- 
null mice. The hepatoc~es of PFOA-dosed PPAR~-null mice exhibited lower glycogen content, Golgi bodies, and 
associated rough ER than both the control and Wyeth 14.643 PPARa-null mice. In addition, the PFOA-dosed 
PPAR~-null mice had numerous large nonmembrane-bound lipid-like vacuoles throughout the cytoplasm. At the high 
dose (10 mgikgiday), there was an increase in the labeling index that was not observed with Wyeth 14,643. The 
authors concluded that the large lipid-like vacuoles in the hepatocytes of PFOA-dosed PPARc~-nnll mice were likely 
accumulations of PFOA. Under the conditions of this study, the LOAEL was 1 mgikg/day based on increased 
absolute and relative liver weight mad hepatic morphology changes; no NOAEL was established. 

Nakamura et a12009 aci EPA 2026a - 
The functional difference in PFOA response between mice mad humans was investigated using a humanized PPARct 
transgenic mouse strain (hPPARa). Humanized PPARct mice express a high level of human PPARct protein in the 
liver. Male 8-week-old wildtype (mPPARu) mice, PPARct-null mice, and hPPARa mice were gavage-dosed with 0, 
0. l, and 0.3 mg/kg/day PFOA (n = 4-6 per group) for 2 weeks and sacrificed 18-20 hours following the last dose. 
Blood was collected and analyzed for triglyceride and cholesterol concentrations, and ALT measurements. Livers 
were collected and analyzed for triglyceride and cholesterol concentrations, plus histopathological changes. (see 
Table 3-17 from EPA 2016a below). 
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Table 3-17. Relative Response of hPPAR~,., mPPAR~., and PPAR~-null Mice to PFOA 

ParaRlerer bPPAR,~ mPPARa PP~o 

Liver weigh~ ND r compared m cNmoi (0.3 ~ comFared to tom,rot (0.1 
nwkg/:day) mg;kp:day} 

Liver~body weigl~t rato >~) g compared D cm~troI (0.3 ND 
mgikg:day) 

Hepa~oc:?~e l~}lyer~ophy b~ld [0.3 mg.kg;day)      Mild (05 mg/k~id.ay} ND 

ALT ND ND ND 

Plssma chole~lerol i compared m mPPA]{ r~ ND ND 
{al~ doses) 

Live~ choles~eroI ; compmed k~ PP.~-nu[l ~ compared *o conuoI (0.3 ND 
@. 1, 0.3 mgikgidayL mykg~day) 
mPPAR{~ (0.3 

Plasn~ ~rigiycedde N~} ND ND 

Liver n~giyceride ~ compared m PPAR~HmI1 ~ compared ~o PPARu-n@i ? comFared to nk~PAR~ 
(0S mglkgiday) (0.1.0.3 mg<’kgiday; ? @1I doses) 

compmed to control (03 
~Wkgiday) 

Nole.s: 

The hPPARa mice differed from the wild-type mice in that flaeir plasma cholesterol was significantly increased m~d 
their liver cholesterol and triglycerides significantly decreased at the highest dose. In addition, the increases in 
absolute and relative liver weights were less than those observed in the wild-type mice. The PPAR~-null mice 
differed from the wild-type in that liver triglycerides were significantly increased. 

Under thc conditions of the study, the NOAELiLOAEL for mPPARc~ mice was 0.110.3 mgikgtday of PFOA bascd on 
increased liver weight and increased liver triglyceride and cholesterol concentrations. The NOAEL for PPARa-null 
mice was 0.3 mgikgiday (HDT) because the changes in absolute liver weight were not dose-related and the increase in 
relative liver weight was not significantly different from the control. The NOAEL for hPPARc~ mice was also 0.3 
mgikg/dav of PFOA. However, a nonsignificant but dose-related increase was observed in plasma cholesterol. 

Li et a! 2011 aci EPA 2016a 
The involvement of mouse and human IPPARa in PFOA-induced testicular toxici~ was investigated. Wild-type, 
PPAR~-null, and hmnanized PPARc, male 129iSv mice were given PFOA daily by gavage at doses of 0, l, and 5 
mg/kg/day for 6 weeks. Body weight and testis weight were not affected by treatment in any group. Absolute and 
relative weights of the epididymis and seminal vesicle plus prostate gland were decreased only in high-dose wild-type 
mice compared to the wild-type controls. No effects on sperm count and motility were seen in any group. Sperm 
abnormalities were significantly increased in both treated groups of wild-type and humanized PPAR~ mice, but not in 
the PPARct-null mice. Plasma testosterone levels were slightly decreased in low-dose wild-type lnice, and 
significantly decreased in high-dose wildtype and low- and high-dose humanized PPARc~ mice compared to the 
control groups. Testosterone levels were slightly reduced in a dose-related manner in the PPARa-null lnice, but 
statistical significance was not attained. 

mRNA levels for several genes associated with testicular cholesterol synthesis, transport, and testosterone 
biosynthesis were examined. Levels HMG-CoA synthase, HMG-CoA reductase, and aromatase were not changed 
after treatment in any group. Expression of 65teroidogenic acute regulatory protein (which transports cholesterol into 
mitochondria) was inhibitcd in ~vild-typc mice at thc high dosc and in humanized PPARct micc at both doscs; 
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peripheral benzodiazepine receptor level was decreased only in hig~-dose humanized PPARcz mice; c~ochrome P450 
sidechain cleavage enzyme was decreased in both groups of wild-type mice; cytochrome P450 17a-hydroxylaseiC 17- 
20 lyase was inhibited at the high dose in both wild-type and humanized PPAR~ mice; and 3~3-hydroxysteroid 
dehydrogenase was decreased in both treated groups of humanized PPAR(~ mice. Decreased expression of 1713- 
hydroxysteroid dehydrogenase was the only change found in treated PPARa-null mice. In the mitochondria, carnitine 
palmitoyltransferase (CPT) was decreased in both groups of wild-type and high-dose humanized PPARc~ mice, and 
SOD levels wcrc rcduccd in all trcatcd wild-type and humanized PPARa micc. Histopathological lesions ofthc testes, 
including abnormal seminiferous tubules, lack of germ cells, or necrotic cells, were observed in high-dose wild-type 
and humanized PPAR(~ mice. No morphological changes were observed in the testes from PFOA treatn~ent in 
PPARc~-null mice. The 1-mg/kg/day dose was the attthor’s LOAEL for significant (p<0.05) sperm abnormalities, 
decreased testosterone, and several biochemical alterations in the PPAR(~ and hPPAR~ mice, but not in the PPARc~- 
null mice. There were dose related decreases in testosterone in the PPAR(z-null mice, but they did not achieve 
statistical significance. 
~lDH Notes Ibis stu@ might indicate need for further stud.v, however, study qualit~v concern regarding effi, cts 

reported in hlq~AR~: Group sizes too small for adequate sperm evaluations or testosterone evaluations, mo#lity data 
was not reported, types of sperm abnormalities (by head, tail, mid-section, etc.) were not reported, testosterone only 
evaluated at one time-pt, no clear dose-response for 7’from low to high, accessoo., sex organs are a sensi~ve 
indicator of low T but no effects on combined prostate & seminal vesicle wt. were observed, testes histopath was not 
quant(/ied by incidence or severity and not statistically evah~ated. 

Abbott et a! 2007 act EPA 2016a 
Male and female 129S1iSvlmJ and PPARu-null mice were used in studies to determine if PFOA-induced 
developmental to.~icity was mediated by PPAR(~. Pregnant 129S 1/SvlmJ wild-type and PPARc~-null mice were orally 
dosed from GD 1-17 with 0, 0.1, 0.3, 0.6, 1, 3, 5, 10, and 20 mg PFOAikgiday. Heterozygous (HET) litters also were 
produced by mating wild-type and PPARcz-null males with wild-type and PPAR~-null dams to determine if genetic 
background affected SUladval. The HET litters were sacrificed on PND 15. 

There was no effect of treatment on maternal weight or maternal weight gain (excluding those with full-litter 
resorptions), number of implants, or pup weight at birth. Wild-type dalns exposed to _>0.6 mg/kgiday and PPARa-null 
dams exposed to _>5 mg/kg/day had a significantly greater percentage of litter loss compared to their respective 
controls. At _>5 mg/kgiday in wild-type dams and 20 mgikg/day in PPARc~-null dams, 100% litter loss occurred. 
Relative liver weight was significantly increased in wild-type adult females dosed with _>1 mg/kg/day and in PPAR~- 
null adult females dosed with _>3 mgikg/day. Body weight in wild-type offspring born of danas dosed with 1.0 
mg/kg/day was significantly reduced (p<0.05) compared to control offspring body weight gain on PND 9, 10, and 22 
(males) and PND 7-10 and PND 22 (fcmalcs). No diffcrcnccs wcrc obscl~cd bctwccn PPARa-null offspring body 
weight and control offspring body weight. Survival of pups from birth to weaning was significantly reduced (p<0.05) 
in wild-type litters exposed to _>0.6 mg/kg/day, but was not affected in PPARc~-null litters. Survival was significautly 
decreased (p<0.05) for wild-type and HET pups born to wild-type dams dosed with 1 mgikg/day and for HET pups 
born to PPARc~-null dams dosed with 3 mg/kg. Offspring born of wild-type dams showed a dose-related trend for 
delayed eye opening compared to control offspring (significantly delayed at 1 mgikg/day, p<0.05), but no difference 
in day of eye opening was observed in the offspring bona of PPAR~-null dams. At weaning, relative liver weight was 
significantly incrcascd (p<0.05) in wild-typc offspring gcstationally cxposcd to >0.1 mjkgiday and in PPARc~-null 
offspring gestationally exposed to 3 mgikgiday. 

The authors concluded that survival of PPARc~-null pups and deaths of HET pups born to PPARcz-null dalns indicates 
that expression of PPARa is required for PFOA-induced postnatal lethality; however, early prenatal lethality was 
independent of PPAR~. Delayed eye opening and reduced postnatal weight gain appeared to be mediated by PPARu, 
but other mechanisms might also contribute. 
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Albrecht et a! 2013 aci 1,2~A 2016a 
To further evaluate the developmental effects potentially mediated by PPARc~, groups of female wild-type, PPARa- 
null, and PPARa-humanized mice were given 0 and 3 mg PFOA/kg on GDs 1-17 by oral gavage. Females were 
either sacrificed on GD 18 (n = 5-8 per group) or allowed to give birth and then sacrificed, along with their litters (n 
= 8-14), on PND 20. 

Evaluation on GD 18 showed no cftEcts of PFOA administration on maternal body weight, body weight gmn, gravid 
uterine weight, number of implamations per dam, or number of resorptions per litter in dmns of any genotype. For 
animals allowed to litter, the average day of parturition was slightly later in PFOA-treated humanized mice than in the 
controls. Body weight of dams during lactation, the nunaber of pups born per litter, pup body weight during lactation, 
and the onset of pup eye opening were similar between treated and control groups for all genotypes. Offspring 
survival during PNDs 1-5 was significantly reduced in the wild-type PFOA-treated group, but not in the other 
genotypes. 

Maternal liver ~veight was significantly increased in the treated groups of all genotypes on GD 18 and in wild-type 
animals on PND 20. Maternal liver weight was not affected on PND 20 in the PPARc~-null or PPAR~-humanized 
mice. On GD 18, maternal liver samples from treated groups showed increased expression of Acoxl in wild-type 
mice and Cyp4al0 in wild-type and humanized mice. Expression of Cyp2b 10 and Cyp3al 1 were also increased in all 
three genob’pes. On PND 20, maternal liver samples from treated groups showed increased expression of Acox 1 in 
wild-type mice; expression of Cyp2b 10 was unchanged in all groups; and expression of C5~3al 1 was increased in all 
three geno~pes. 

Microscopic evaluation of the maternal liver showed centrilobular hepatocellnlar hypertrophy in all PFOA-treated 
groups on GD 18 and PND 20, with decreased incidence aud severity by PND 20. On GD 18, the liver lesions were 
graded as mild in the wild-type mice, minimal-to-mild in the humanized mice, and minimal in the null mice. The 
morphological features of the liver lesions differed slightly between genotypes. 

Relative fetal liver weight on GD 18 was significantly increased in fetuses from treated wild-type and humanized 
dams. On PND 20, relative liver weight was increased only in pups from treated mid-type dams. For fetuses on GD 
18. liver samples from treated groups sho~ved increased expression of Acoxl and Cyp4al0 in wild-type and 
humanized mice. Expression of Cyp2b 10 was unchanged following maternal PFOA a&niifistration in all three 
genotypes, while expression of Cyp3al 1 was increased in humanized fetal liver. On PND 20, pup liver samples from 
treated dams showed increased expression of Acoxl and Cyp4al 0 in wild-type mice; expression of Cyp2bl0 was 
increased in all geno~pes; and expression of CypSal 1 was increased following maternal PFOA administration in 
wild-type and humanized pups. Thus, expression of PPAR~ target genes that modulate lipid lnetabolism was 
incrcascd in both wild-typc and humanizcd mice coincidcnt with incrcascd livcr weight and microscopic lesions; 
however, the neonatal mortality was observed only in wild-type offspring. 

Hormone Disruption (EPA 2016a- Section 3.3.3) 

Thyroid: 
Martin ct al. (2007) administcrcd 20 mg PFOAikg to adult malc Spraguc-Dawlcy rats (n = 4 or 5) for 1, 3, or 5 days 
by oral garage and deternfined the ilnpact of PFOA on hormone levels. Blood was collected via cardiac puncture and 
the serum was analyzed for cholesterol, testosterone, IFT4 and total T4, and total T3. RNA extracted from the livers 
was used for gene expression profiling, genomic signatures, and pathway analyses to determine a mechanism of 
toxicity. Following a l-day, 3-day, and 5-day dose, a significant decrease (p<0.05) was observed in serum cholesterol 
(~.,L45-72%), total T4 (~,~83%), FT4 (~80%), and total T3 (~+25-48%). Serum testosterone was significantly 
decreased (p<0.05, ~-~70%) following a 3-day and 5-day PFOA dose. PFOA treatment was lnatched to hepatotoxicity- 
related gcnomic signatures, as well as signaturcs for hcpatoccllular h}~pcrtrophy, hypocholcstcrolcmia, hypolipidcmia, 
and peroxisome proliferation. PPAR~ nuclear regulated genes were induced by PFOA treatment. Genes associated 
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with the thyroid homlone release mad synthesis pathway including Die3, ;vhich catalyzes the inactivation ofT3, and 
Diol, which deiodinates prohormone T4 to bioactivate T3, were affected by PFOA. Treatment with PFOA resulted in 
significantly upregulated expression of Die3 and downregulated expression of iDle 1 (p<0.05). Expression of HMG- 
CoA reductase (involved in cholesterol biosynthesis) was significantly upregulated and cholesterol biosynthesis was 
downregulated in a manner consistent with PPAR?’ agonists. 

Reprodt~ctive Hormones: 
Cook et al. (1992) gavage-dosed male CD rats (n = 15 per group) for 14 days with 0, 1, 10, 25, and 50 nag 
PFOA!kgiday to examine the possibility that an endocrine related mechauism might explain Leydig cell adenomas 
observed in rats. A separate control group was pair-fed to the 50-mg/kg/day group Blood and testicular interstitial 
fluid were collected at necropsy for hormone analysis including testosterone, estradiol, and LH. A separate group of 
rats was dosed with 0 and 50 mg PFOA/kg/day for 14 days and challenged with 100 Ius of human chorionic 
gonadotropin (hCG) or 2 nag naloxoneikg 1 hour prior to necropsy to induce testosterone concentrations. Blood was 
collcctcd and analyzcd for tcstostcronc and LH. Scrum from rats challenged with 100 Ius hCG also was analyzed for 
P, 17a-hydroxyprogesterone, and androstenedione. 

The relative liver weight at 10, 25, and 50 mg PFOA/kg/day was significantly increased (p<0.05). The accessoW sex 
organ unit relative weight was significantly decreased (p<0.05) at 25 and 50 mg PFOAikgiday compared to those 
weights in control rats. The relative weights of the liver, accessory sex organ unit, and ventral prostate were 
significantly decreased at the highest dose compared to the pair-fed control. 

Serum estradiol was significantly increased at >10 mg PFOA/kg compared to the control. No differences were 
observed in testosterone and LH between the treated rats and control~ In the challenge experiment, serum testosterone 
was significantly decreased (p<0.05) by treatment with 50 mg PFOA/kg after challenge with 100 Ius hCG No 
differences in testosterone concentration were observed in the naloxone-challenged rats, and no differences in LH 
were observed after either challenge. In the hCG-challenged rats, androstenedione was significantly reduced at 50 mg 
PFOA!kg, but no differences in concentrations were observed in P or 17 c~-hydroxyprogesterone between control and 
treated rats. The authors suggested that the observed decreased serum testosterone levels could be due to decreased 
conversion of 17 a-hydroxyprogesterone to androstenedione as a result of increased serum estradiol levels. The 
LOAEL was 10 mgikg based on increased liver weight and increased serum estradiol levels, and the NOAEL was 1 
mg/kg. 

Biegel et al. (1995) gavaged male CD rats were gavage<tosed for 14 days with 0, 0 pair-fed, or 25 mg PFOA!kg and 
necropsied on day 15. Blood mad testicular interstitial fluid were collected for hormone analysis. Liver samples were 
collected for analysis ofperoxisomal [3-oxidation and microsomal aromatase activities. Serum estradiol was 
significantly incrcascd (p<0.05) by 25 mg PFOAikg when comparcd to the ad libitum and pair-fed control rats. 
Testicular interstitial fluid testosterone concentration was significantly decreased (p<0.05) and microsomal aromatase 
activity, and peroxisomal ~3-oxidation activity were significantly iucreased (p<0.05) in PFOA-treated rats compared to 
the pair-fed control rats. 

Hines et al. (2009) exmnined the roles that exposure to PFOA and ovarian hormones might play in animals exposed 
during gestation compared to during their adult years. Timed-pregnant CD-1 mice were garage-dosed in two blocks 
on GDs 1-17, but not thcrcaftcr. Block 1 animals wcrc doscd with 0, 1, 3, and 5 mg PFOAikg, and block 2 animals 
were dosed with 0, 0.0 l, 0.1, 0.3, 1, and 5 nag PFOAikgiday. At birth, pups were pooled within each block mad dose 
group and randomly redistributed among the dams (10 pups per litter). Offspring were weaned at 3 weeks, and a 
subset of females from each dose group (0, 0.01, 0.1, 0.3, 1, and 5 mg PFOAikgiday) was OVX at weaning or the day 
after weaning. All animals were observed until they reached 18 months of age. 

Body weight of offspring born to dams exposed to 5 mg PFOA,&g was significantly decreased (p<0.05) on PND 1 
and through 18 months of age compared to control offspring body wcight. At weaning, the body weight of offspnng 
born to dams exposed to 1 mg PFOAikg!day was significantly decreased (p<0.05) compared to control offspring body 
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weight. A significant increase (p<0.05) in body weight, due to more rapid weight gain after week 10, compared to 
intact control body weight, was observed in intact mice exposed to 0.01-0.3 mg PFOA/kg/day. 

Glucose tolerance testing showed no statistically significant differences in baseline glucose or response to glucose 
challenge at 15-16 ~veeks or at 17 months. At 21 and 31 weeks of age, a significant increase in serum leptin and 
insulin levels was observed in intact mice exposed to 0.01 and 0.1 mg PFOA/kg/day. No statistically significant 
difference was observed between the fht-to-lcan ratio of intact control and intact gestationally exposed ammals at 42 
weeks of age. No significant difference was observed in food consulnption between intact control and intact 
gestationally exposed animals at 42 weeks of age. Serum estradiol levels were not different between intact control and 
intact gestationally exposed animals at 18 months, iExposure to PFOA as an adult did not result in body weight 
differences among the groups at 18 months of age. The body weight of intact mice gestationally exposed to 1 mg 
PFOA/kg/day was significantly increased (p<0.05) compared to adult mice exposed to 1 mg PFOA/kg/day. No other 
differences in body weight among the groups were observed. 

The authors concluded that developmental exposure to low doses and high doses of PFOA resulted in different 
phenoty1~es in mice. At low doses, increased weight, increased serum insulin, and increased serum leptin were 
obsevved in adult mice. At high doses the animals displayed decreased weight in early and late life, decreased white 
fat, increased brown fat, and decreased spleen weight. Under the conditions of the study, the developmental LOAEL 
was 0.01 mg PFOA/kg based on increased weight gain and increased serum insulin and leptin levels. No 
developmental NOAEL was established. 
~lDH Notes - the study design and level of detail in reporting is inadequaW to provide sufficiently robust data needed 
to assess metabolic impacts (e.g., insu#n vary due to fasting status, circadian cycle, age, etc.) therefore these effects 
will not be identified as co-critica! at this time. Further study, replication and validatio~ are needed.]. 

Exposure Decision Tree J?om (U.X Environmental Protection Agency (EPA) 2000) used as basis jbr RSC selection. 

Relative Source Contribution (RSC) 
Henry’s Law Constant (arm m3imol) 9.08 x 10 ~- I EpiSuite 

What is the volatility~ ? 

Is there docmnentation to justify the use If yes, explain 
of an RSC other than the defaults?2 

Nonvolatile (<3 x 1E-7 atra m3/mol); Low (3 x 1E-7 to 1E-5 atm m3/mol); Moderate (1E-5 to 1E-3 arm ra3/raol) or High (>lE- 
3 arm ra3/mol) 
2 Non-volatileflow volatility/moderate volatility - 0.5 for acute/short-ternt 0.2 for subchronic/chroI~ic 

High volatilit-y 0.2 for acute/short-term/subchronic/chronic 

RSC evaluation from EPA ~USEPA 2016b) ~See Section 8.6 for more information): 
Findings from studies on populations in the United States, Canada, and Western Europe support the conclusion that 
diet is the major contributor to total PFOA exposure, typically with drinking water and/or dust as impontant additional 
exposure routes, especially for sensitive subpopulations. EPA used an RSC of 0.2 and the 90*h percentile intake rate 
for lactating women (0.054 L/kg-d) to calculate a lifetime HA for PFOA of 0.07 gg/L, and recommends that it apply 
to both short-term (i.e., weeks to months) scenarios during pregnancy and lactation, as well as to lifetime-exposure 
scenarios. 
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MD H l~C;C Ap~roach : 
The RSC is applied to account for all routes of exposure and allocates only a portion of the RfD to ingestion of water, 
with the remaining portion allocated for non-water exposures, including inhalation and ingestion from food. The 
values of the duration specific default RSCs (0.5, 0.2, and 0.2 for short-term, subchronic, and chronic, respectively) 
are based on the magnitude of contribution of these other exposures that occur during the relevant exposure duration 
(MDH 2008). In the case of PFOA, the RSC concept needed to be applied in a froanework recognizing the long 
elimination half-limb such that a person’s serum concentration at any givcn age is not only thc rcsult of his or her 
current or recent ex )osures ~vithin the duration of concern, but also froln exposure from years past. 

In order to examine the relative impact of non-;vater exposures, MDH reviewed the source studies reported in Egeghy 
and Lorber (Egeghy PP and M Lorber 2011). The sparseness of media-specific data results in highly uncertain 
estimates of intake rates. The framework proposed by Egeghy and Lorber also included use of serum concentrations 
reported in the 2003-2004 NHANES biomonitoring effort to estimate intakes. MDH decided to use the most recent 
NHANES biomonitoring data (2013-2014) and East Metro ncw resident biomonitoring data (2014) in a similar 
fashion to estimate current upper-end non-water exposures. 

MDH ntilizes the Exposure Decision Tree process as presented in EPA’s Methodology for Deriving Ambient Water 
Quality Criteria for the Protection of Human Health (US EPA 2000). The Decision Tree presents a series of decision 
points at which the quality and quantity of available exposure data are evaluated and at which the derivation of the 
RSC is ultimately steered toward one of several conclusions indicating an appropriate RSC. MDH has relied upon the 
percentage method, which is intended to reflect relative portions of other (non-water ingestion) routes of exposure and 
the likelihood for changing levels within those multiple sources (MDH 2008). The relevant portions of the Exposure 
Decision Tree are presented below. 

[ Identify population(s) of concern 

I I dentify relevant exposure 
source s/pathway s 

Are adequate data available to 
describe central tendencies & high- 
ends for relevant exposure 
sources/pathways? 

No 

Are there sufficient data, physical/chemical 
propet~y, fale & Iranspott, &/o r generalized 
information available to characterize the 
likelihood of exposure to relevant sources? 

~ Yes 

Are there significant known or potential 
uses/sources other than the source of 
concern? 

13. 
Apportion the RID inclnding 80% 
ceiling/20% floor using percentage 
approach (with ceiling & floor). 

V Yes 

J 
~ 

Is there some information available to 1 
Yes 8 Perform apportiolunent as 

described in Box 13. with a 50% 
make a characterization of exposure? ceiling/20% floor. 
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The 80 percent ceiling within the Decision Tree is to ensure that the health-based goal will be lo~v enough to provide 
adequate protection for individuals whose total exposure is, due to any of the exposure sources, higher than currently 
indicated by the available data (US EPA 2000). This also increases the margin of safety to account for possible 
unknown sources of exposure. 

It has been acknowledged that serum concentrations are the best measure of PFOA exposure. These values can be 
used in place of the RID in thc Decision Trcc process. The scrum conccntration at thc POD sclcctcd by MDH (and 
EPA) is 38 ~tg/lnL. The serum concentration associated with the resulting RfD, which incorporated a total UF of 300, 
is 0.13 ~gimE (or 130 ~tg/L). Backgronnd (i.e., exposnre from noniwater ingestion routes of exposure) data for 
infants, the population of concern, are not available, however, given the long half-life the biomonitoring results from 
the East Metro (new residents) and NI-LA_NES can be used to provide insight into the magnitude of non-water 
exposures. 

MDH’s East Metro PFC biomonitoring project salnplcd a subsct ofpcople living in the East Metro region who wcrc 
connected to a contaminated public water supply (Nelson 2016). Treatment to remove PFCs was added to the PWS 
and volunteer pa~*icipants had blood levels measnred at three time points: 2008.2010 m~d 2014: 
2008- 14.9 ug/L geo mean (CI 12.9- 17.3); 95th pereentile 60 ugiL (range 1.6- 117) 
2010 - 11.2 ugiL geo mean (CI 9.7 - 13.1); 95t~ percentile 48.7 ug/L (range 0.94 - 110.5) 
2014 - 5.5 ug/L geo mean (CI 4.6 - 6.4); 95th percentile 26 ugiL (range <LOD - 47) 

As part of the last biomonitoring effort new Oakdale residents (N=156) were also sampled in 2014. Since these 
individuals did not have historical exposure to the contaminated water their serum samples may be representative of 
non-water exposures: 1.8 geo mean ugiE (CI 1.6-2.0); 95th percentile 5 ug/L (range 0.17-8.1). These levels are ve~aj 
similar to the 2013-14 NHANES data for the general public. 

General population (NHANES) biomonitoring data demonstrate that serum levels have been decreasing over time 
(CDC 2017). The 2013-14 data provide the most recent data regarding ’background’ serum levels in the US general 
population. 

Year Geometric Mean (ug/L) 9~t~’ Percentile (rig/L) 

(95% CI) (95% CI) 
1999 - 2000 5.21 (4.72-5.74) 11.9 (10.9-13.5) 
2003-2004 3.95 (3.65-4.27) 9.80 (7.40-14.1) 
2005-2006 3.92 (3,48-4.42) 11.3 (8.80-14.5) 
2007-2008 4.12 (4.01-4.24) 9.60 (8.90-10.1) 
2009-2010 3.07 (2.81-3.36) 7.50 (6.20-9.70) 
2011-2012 2.08 (1.95-2.22) 5.68 (5.02-6.49) 
2013-2014 1.94 (1.76-2.14) 5.57 (4.60-6.27) 

While data on infants is not available there are publications regarding the serum levels in young children: 
(Schectcr 2012) sampled children in Dallas, Texas between August and November 2009. Reported median 
and maximum PFOA serum concentrations were: 2 and 9.6 ug/L, respectively, in children less than three 
years of age. Reported median and maximum PFOA serum concentrations were: 3.1 m~d 11.1 ug/L, 
respectively, in children older than three years of age bnt less than six years of age. 
(Wu 2015) sampled children two to eight years of age in California between December 2007 and November 
2009. Reported geometric mean and 95~ percentile PFOA serum concentrations were: 4.46 and 7.4 ug/L, 
respectively. 

(Harris 2017) recently published serum concentrations in six to ten year old children san~pled between 2007 
and 2010) in the Boston area. Reported geometric mean and 90t~ percentile PFOA serum concentrations were: 
4.2 and 7.9 ugiL, respectively. 
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These data support the use of upper-end percentile values fronl NItANES and the East Metro new resident as 
conservative representatives of ’background’ non-water ingestion routes of exposure. 

The apportionment to water ingestion can be calculated by taking a ceiling of 80% and subtracting a conservative 
(high end) serum value from the recent biomonimring data from the 2013-14 NHANES. Eighty percent of the serum 
concentration associated with the RfD would be 104 ug/L (130 ugiL x 0.8). Subtracting the 95t~ percentile values, as a 
high-end cstimatc of background, non-watcr cxposurcs, from the 2013-14 NHANES (5.57 ug!L) produces a residual 
sermn concentration of roughly 98 ug/L, or approximately 75% of the serum concentration at the RfD (130 ugfL). 
This calculation can be used qualitatively, along with the ceiling proscribed in Box 8C of the Decision Tree to select 
50% as the RSC for water ingestion. 

The most appropriate dose metric for PFOA is serum concentration. PFOA is a bioaccumulative chemical, with a 
half-life of 2 - 3 years. Criteria for bioaccumulative contaminants focuses on long-term exposures. However, high, 
short-term exposures can result in internal body burdens that take years to eliminate. Infants, whether bottle-fed or 
breast-fed consume a much greater volume of liquid on a per body weight basis than older children and adults. In 
addition, PFOA crosses the placenta and is transferred to breastmilk. Empirical data fi-om the published literature 
indicates that breastfeeding can result in significant exposures, result in higher serum concentrations in infants 
compared to their mothers. 

Serum concentrations can be calculated if the rate of elimination (derived from half-life), the dose (water 
concentration x water intake rate) and volume of distribution are known. The following equation (also used by EPA to 
calculate HEDs) provides the simple relationship between dose and average scrmn concentration. 

m9 
D°Se(kg.day)= 

Serum Concentration x 1000 

9 Y: 

14,’here." 

Clearance Rate = Volume of DLs’tribution (Likg BW) x (Ln2~halJ’-!!fe, d~ys) 

Dose (my, ikg - day) Water Imake Rate (L/kg BW/day) x Water Concentration (ug/L) x (1 mgH O00 ug) 

This equation can be rearranged to calculate serum concentration based oll dose mid clearance. 

SerumConcentration(q) = 

L 

L 
Clearance Rate(~--ffT~) 

Two exposure scenarios were examined: 1) an infant fed with formula reconstituted with contaminated water starting 
at birth and continuing ingestion of contaminated water through life; and 2) an infant exclusively breast-fed for 12 
months, followcd by drinking contaminatcd watcr. In both scenarios the simulatcd individuals began life with a pre- 
existing body burden through placental transfer. The serum concentration of the lnother were calculated to be at 
steady state, using the equation presented above, at the time of delivery. Upper percentile intake rates werc used for 
the breastfed infant scenario and 95th percentile intake rates were used for water intake to simulate a reasonable 
maximuln exposed (RME) individual. 
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According to the 2016 Breastfeeding Repo~ Card (CDC, 2016) nearly 66 percent of mothers in Minnesota report 
breastfeeding at six months, with 31.4 percent exclusively breastfeeding The percent breastfeeding dropped to 41% at 
twelve months. MDH has selected an exclusive breastfeeding duration of one year for the breast-fed infant scenario. 

A summaD" of the model parameters is presented in the table below. For details on the basis of each of the parameters 
and thc sclcction of input valuc(s) plcasc rct~r to thc Background Documcnt: MDH To~cokinctic Modcl and 
Derivation of tluman Health-Based Water Guidance located at: O: \ttRA\COMMON\Gnidance - Water\Tox reviews- 

(MDH 2017b) 

Model Parameter Value(s) 
iHalf-life (days) 840 days 
Volume of distribution (Vd) 0.17 L/kg 
Vd Age Adjustment Factor (Vd AF) Range from 2.1 @age 1-30 days to 1.2 @age 5 - 10 years. 

Value of 1 used for ages >10 years. 
Clearance Rate (CR) 0.17 Likg x (Ln 2/840 days) = 0.00014 I,ikg-d 
Placental transfer factor 87% (% of maternal serum level) 
Breastmilk transfer factor 5.2% (% of maternal serum level) 
Watcr Intakc (L/kg-d) 95th pcrccntilc for Consumcrs Only (dcfanlt intakc ratcs uscd by 

MDH. Table 3-1 & 3-3, EPA 2011) 
Breastmilk Intake (Likg-d) Upper percentile (approximates 95th percentile) for exclusively 

breastfed infants (Table 15-1, EPA 2011) 
Body weight (kg) Calculated from ~vater and breastmilk intake tables listed above 
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Water Concentration Calculation Results: 

Scenario/~1 - Formula botde-ibd Infant 
The water concentration that keeps the serum concentration attributable to drinking water (solid line below in Figure 1) below an RSC of 50% 
(0.13 x 0.5 = 0.065 mg/L) throughout lifc is 0.15 ~tg/L. 

Figure 1. Exclusively formula-fed infant serum concentrations over a lifetime, based on 95t~- percentile water ingestion rate and an RSC of 50°4. 

P.f:OA Ser~lm Co~cer~t~atio~s For-~x~u[a iFed Scer~ario, 95ti} perce~}ti[e ntake iate, water cos,c, 0,15 p~g/L 

ABe (¥ea~s) 

Scenario/i2 - Breast@din/ant 
While a water concentration of 0.15 ~tg/iL is protective of individuals directly exposed to contaminated water it is not sufficiently protective for 
infants who are exclusively breastfed for a year by mothers who have been chronically exposed to 0.15 ~tgiL in water. Under scenario #2 infant 
PFOA serum levels exceed the serum concentration at the reference dose for over 4 years and the 50% RSC threshold for over 9 years. See Figure 
2. 
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Figure 2. Serum concemration for an exclusively breast-fed for 1 year, followed by water ingestion, based on upper/95th percemile ingestion rates 
and an RS C of 50% at a water concentration of 0.15 ~tgiL. 

~e (years) 

In order to maintain semln concentrations below an RSC threshold of 50% (0.13 x 0.5 = 0.065 mgiL) for infants exclusively breast-fed for one 
year the water concentration must be lowered to 0.035 ~tgiL. See Figure 3. 
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Figure 3. Serum concentrations for an exclusively breast-fed for 1 year, followed by water ingestion, based on upper/95th percentile ingestion rate 
and an RSC of 50% at a water concentration of 0.035 ggiL. 

Even a small incremental increase in the water concentration (0.036 ~g/iL) raises the serum concentration above the 50 percent threshold for 
appro~mately one month. Given the health endpoints of concern include developmental concerns, the acceptable water concentration was set at 
0.(),_ gg/L m~d not rounded to one significant digit. 
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Cancer Study Description 
- duration, route, 
species/strain, age at 
dosin g, N/sex/group, early 
life exposure?, etc. 
2 year Dieta~ Stu@ - 
Crl:CDBR Rats 

50/sex/dose 
Dietmy levels 0, 30 or 300 

ppm 
Sexually mature Ks’ hm,e 

veJT short ha~’-life 
therejbre, the results of 

cancer bioassay, except ctt 

suf/~cienl@ hiy~h doses, in 

./i, male rats is of limited 
uti#ty in assessing 

carcinogenic potential. 

2 yr Mechoxfistic dietary 
study - Crl:CD BR Male 

Rats (156/grp) 
(follow-up to study above) 

0 or 300 ppm 

Administered 
Dose 
(mff_!kg-d) 

M/F 0/0, 

1.3/1.6, or 
14.2/16.1 
mg/kg -d 

Add’l grp of 
15/sex for 0 & 
300ppm 

evaluated 
@lyr interim 

sac 

0 or 13.6 
mg/kg -d 
Interim sac 
conducted 
every 3 months 
upto 21 
months 

Tumor Incidence Rate Per Tumor Site at Each Dose 
Level (by sex, statistical significance) 

See Table 6-A above for discussion of non-neoplastic 
findings. 
Neoplast~c findings: [control, 30, ~ 300 ppm] 

Males: 
Liver hepatocellul~x carcinoma 6, 2 & 10%; 

Leydig cell adenomas 0, 4 & 14*%, *p<0.05 [4% was 

indicated to be within hL~torica[ controls by 

authors & EPA 2016]; 
Thyroid C-cell adenoma 0, 4 & 9% 

Females: 
Mammmy gland fibroadenoma 22, 42 & 48*% [all 

considered to be within the norm for bac’kground 

variation. Re-evaluation found no starts s~gn~r 

d~rerence for fibroadenoma, adenocarcinoma, total 
benign neoplasms, or total ma#gnant neoplasms] 

Neoplastic findings: 

Liver adenomas - 1% in pair-fed controls, 3% in ad libitum 

controls and 13%, in trt animals 
Leydig cell adenomas - 3% in pair-fed controls, 0% in ad 

libitum controls, and 11% in trt animals. [Note: ]" 
incidence of Leydig cell hyperplasia (46% vs 14% in 

controls was observed)] 

Study 
POD 
mg/kg/d 

Slope 
Factor 
(mg/kg-d)-1 

Reference 

(note 
limitations in 
comment 
filed)* 
Sibinski ct al 
1987 published 

as (Butenhoff 
2012) and act 
EPA 2016a 

Biegel et al 
2001 act EPA 
2016a 

Note: describe if exposure included early life stages; nm.,dmnm tolerated dose level was not achieved; and time-to-tumor (latency) i~fformafion if available. 
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Human Carclnogenicity Data: 
EPA 2016a - Section 3. 4. 2 Syn th esls an d Evaluation of Carcin ogen ic Effects’. 
iEvidence of carcinogenic effects of PFOA in epidemiology studies is based primarily on studies of kidney and testicular cancer. These cancers 
have relatively high survival rates (e.g., 2005-2011 5-year SUlwival rates 73% and 95%, respectively, for kidney and testicular cancer based on 
NCI Surveillance, Epidemiology and End Results data). Thus studies that exanaine cancer incidence are particularly useful for these t3pes of 
cancer. The high-exposure community studies also have the advantage, for testicular cancer, &including the age period of greatest risk, as the 
median age at diagnosis is 33 years. The two occupational cohorts in iMinnesota and West Virginia (most recently updated in Raleigh et al. 2014 
and Steenland and Woskie 2012) do not support an increased risk of these cancers, but each of these is limited by a small number of observed 
cases (six kidney cancer deaths, 16 incident kidney cancer cases, and five incident testicular cancer eases in Raleigh et al. 2014; and 12 kidney 
cancer deaths and 1 testicular cancer death in Steenland and Woskie 2012). Two studies revolving members &the C8 Health Project showed a 
positive association between PFOA levels (mean at enrolhnent 0.024 ggimL) and kidney and testicular cancers (Barcy et al. 2013; Vieira et al. 
2013); there is some overlap in the cases included in these studies. No associations were found in the general population between mean serum 
PFOA levels up to 0.0866 ggimL and colorectal, breast, prostate, bladder, and liver cancer (Bonefeld-Jorgensen et al. 2014; Eriksen et al. 2009; 
Hardell et al. 2014; Innes et al. 2014); none of these studies examined kidney or testicular cancer. 

Animal Carcinogenicity Data: 
EPA 2016a - Section 3.4.2 @nthesis and Evaluation of Carcinogenic Effects. 
Two animal carcinogenicity studies indicate that PFOA exposure can lead to liver adenomas (Biegel et al. 2001), Leydig cell adenomas (Biegel 
ct al. 2001; Butcnhoffct al. 2012), and PACTs (Bicgcl ct al. 2001) in male Spraguc-Dawlcy rats. Liver adcnomas ~vcrc observed in the Bicgcl ct 
al study (2001) at an incidence of 10/76 (13%) at 20 mg/kgiday. The incidence in the control group was 2/80 (3%). Although no liver adcnomas 
were obse~ed in Butenhoff et al. (2012), carcinomas were identified in the male controls, males in the low-dose group (2 mg/kg/day), and male 
and female rats in the high-dose group (20 mgikgiday). The differences from control were not significant in either study, but the carcinoma 
incidence among the Butenhoff et al. (2012) high-dose males (10/50) was similar to that for the adenomas in the Biegel et al. study (2001) 
(10/76). Liver lesions were identified in the males and females at the l- and 2-year sacrifices (Butenhoffet al. 2012). An increased incidence of 
diffuse hepatomegaloc~¢osis and hepatocelhdar necrosis occurred at 20 mg/kg/day. At the 2-year sacrifice, hepatic cystoid degeneration 
(characterized by areas of multilocular microcysts in the liver parenchyma) was observed in 8, 14, and 56% in males of the control, 2-, and 20- 
mgikgiday dose groups, respectively. Hyperplastic nodules in male livers were increased in the high-dose group (6% versus 0% in control rats). 

Filgo et al. (2015) exanfined the livers of three strains of lnice exposed only during gestation/lactation tbr ttmaors when they were sacrificed at 
18 months. Liver tumors were found in each dose group, but tUlnOr types varied and the data did not display any evidence of dose response. The 
animals were survivors from two different projects and the number per dose group was small. Thus, the data are not adequate for determining 
whether PFOA is a carcinogen in mice. [Study authors" noted that this study was ~VOT designed to ewduate carcinogenesis but was a result qi 
a previous study that reported liver tumors in PPARa-de/icient mice so this study was considered an initial mechanistic study to co~/irm that 
PFOA can mediate hepatoloxic effbcts via non-PPARa pathwa~w’,] 
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’Conch~sions’ re: liver tumors’: Overall, the tumor re~7)onse observed in the avai&b!e studies was not strong and did not demonstrate a dose- 
related response. ButenhoJf et al. (2012) and Biegel et al. (200]) studies suggest that PFOA is not a potent hepatic carcinogen based on the low 
minor incidence and.finding ofhyperplastie nodules. [MI)H Notes: available data are quite limited. Only species examined has been rats and it 
is clear that female rats quickly excrete PFOA unlike humans or other animals.] 

Testicular Leydig cell tmnors (LCTS) were identified in both the Butenhoffet al. (2012) and Biegel et al. (2001) studies. The tmnor incidence 
was 0/50 (0%), 2/50 (4%), and 7/50 (14%) for the control, 2.0-, and 20-mg!kgiday dose groups, respectively (Butenhoffet al. 2012). The Biegel 
et al. study (2001) included one dose group (20 mg/kg/day); the tumor incidence was 8/76 (11%) compared to 0/80 (0%) in the control group. 
LCT incidence at 20 mgikgiday was comparable between the two studies (11 and 14%). 

’Conclusions’ re: LCTs: The induction of LCTs by PFOA couM be attributed to a hormonal mechanism whereby PFOA either inhibits’ 

testosterone bioo~’nthesis and;or lowers testosterone by increasing its" conversion to estradiol through increased aromatase activity in the liver. 

Both of these mechanisms appear to be mediated by PPARa. Several qf the available PFOA studies support an impact 9f PFOA on decreased 

testosterone production. Studies comlucted by Cook and colleagues (Biegel et al 1995: Cook et al. 1992; Liu et al. !996)Jbund that adult male 

rats administered P!,’OA by gavage for 14 days had decreased serum testosterone and increased serum estradiol levels’ (Cook et al. ! 992). 

These endocrine changes correlated with its potency to induce LCZs’ (Biegel et al. 2001). 

Data are not currently sufficient to demonstrate that the other key steps in the postulated ~klOA are present in PFOA-treated animals following 

exposures that lead to tumor formation Studies are needed to demonstraW the increase of GnRH and LH in concert with the changes in 

aromamse and estradiol. There was a£~o no indication of increased Leydig cell proliferation at the doses that caused adenomas in the Biegel e t 

a!. stud), (2001). Thus, additional research is needed to determine ~f the hormone testosterone estradiol imbalance is a keyJi~ctor in 

development of LCTs as a result qfPFOA exposure. 

Pancreatic acinar cell tumors (PACTs) were only observed in the Biegel et al. study (2001). The incidence was 8/76 (11%; 7 adenolna, 1 
carcinoma) at 20 mg!kg/day while none were observed in the control almnals. Although no PACTs were observed by Butenhoffet al. (2012), 
pancreatic acinar hyperplasia was observed at 2 and 20 mg/kg/day at incidences of 2/34 (6%) and 1/43 (2%), respectively, which lacked dose 
response. Reexamination of the pancreatic lesions in Butenhoff et al. (2012) mad Biegel et al. (2001) resulted in the conclusion that 20 
mg/kgiday increased the incidence of proliferative acmar cell lesions in both studies. Some lesions in the Biegel et al. study (2001) had 
progressed to adenomas. 

’Conclusions’ re: PACTs: Two hypothetical MOAs have been proposed: 1) A change in the bile acid flow or composition that leads to 
cholestasis, thereby causing an increase in CCK activating a feedback loop resulting in proliferation of the secretory pancreatic acinar cells’. 
CCK is a peptide hormone that stimulates the digestion of/~tt and protein, causes the increased prochwtion of hepatic bile, and stimulates 
contraction of the gay bladder. An HFD, trypsin inhibi#on, and changes in bile composition are proposed initiators’for this sequence of events. ; 
and 2) Increased levels" oj’testosterone support the growth qf acinar cell. preneoplastic jbci, leading to the development of carcinomas. 
7here is minimal information on the relationship of PFOA exposure to either of the proposed MOAs. [However, EPA notes: PFOA appears to 
suppress testosterone production fl~rough the induction oj’aromamse and to increase the estradiol. Therefore, the second proposed MOA Jbr 
PAC~s" does not appear to appO~ to 
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The initial findings from the Butenhoff et al. study (2012) were equivocal for mammary fibroadenomas in female rats. However, a 
reexamination of the tissues by a PWG found no statistically significant differences in the incidence of fibroadenomas or other neoplaslns of the 
mammary, gland between control and treated animals (Hardisty et al. 2010). The PWG used the diagnostic criteria and nomenclature of the 
Society of Toxicological Pathologists for the reexamination. Under those criteria, there was an increase in the number of tumors docmnented in 
the control group, especially fibroadenomas originally classified as lobular hyperplasia. The reclassification led to a loss of significance when 
the tumors in the treated animals were compared to tumors in the control animals. 

Ovarian tubular hyperplasia and adenomas also were observed in female rats (Butenhoff et al. 2012). Mann and Frame (2004) reexamined the 
ovarian lesions using all updated nomenclature system, which resulted in some of the hyperplastic lesions being reclassified. The ovarian lesions 
originally described as tubular hyperplasia or tubular adenomas were regarded as gonadal stromal hyperplasia and/or adenomas. After the 
reclassification, there were no statistically significant increases in hyperplasia (total number), adenomas, or hyperplasiw’adenoma combined in 
treated groups compared to controls. 

Genotoxicity Data: 
EPA 2016a Section 3.3.1 SummaD’: 
PFOA has been tested for gcnotoxicity in a variety of in Wvo and in vitro assays. The data from the in vitro studies arc summari zcd in tbc table 
below - 

Table 3-32. GenotoxM~’ of PFOA .I~ !~Ttro 

c}-{~ 0]:: meuse CcH Fm~fl~m~ti,:m Gan7 arid Ndson 

C,,I [ 10L. mmtse (?ytotoxicity 

TA [ 537 ........................................................................................................................ 

CHO celb Chrom~som~] 
A.be~rafions 

CHO cells ~ P~JS’Pk~d3 

Huma~a Iymphocy~es ~ Chro~msomal 

[ Abem~tions 

K-I C[tO ce!Is {3e~e 

"[A98, TA ! 

.............................................................................. 

NA Gm<ry and Nclson 

+ Lawbr 1995, 1996 

MurIi t996h. 1996c 

~ Mu~li i99d=b~ i996c ......................... ..................................................................................... ...................... 

SaNto 2002 
t’reire e~ aL 2008 

PFOA was tested in a cell transformation and cytotoxicity assay conducted in C3H10T~,~ mouse embryo fibroblasts. The cell transformation was 
determined as both colony transformation and foci transformation. There was no evidence of transformation at any of the dose levels tested in 
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either the colony or loci assay methods. PFOA was tested twice for its ability to induce mutation in the Salmonella - E. coli/mammalian- 
microsome reverse mutation assay. The tests were performed both with and without metabolic activation. A single positive response seen in S. 
typhimurium TA1537 when tested without metabolic activation was not reproducible. PFOA did not induce mutation in either S. typhimurium 
or E. coli when tested either with or without metabolic activation. PFOA did not induce chromosomal aberrations in human lymphoc~es when 
tested with and without metabolic activation up to cy.*otoxic concentrations. Sadhu (2002) reported that PFOA did not induce gene lnutation 
when tested with or without metabolic activation in the K-1 line of CHO cells in culture. Mufti (1996b, 1996c) tested PFOA twice for its ability 
to induce chromosolnal aberrations in CHO cells. In the first assay, PFOA induced both chromosomal aberrations and polyploidy in both the 
presence and absence of metabolic activation. In the second assay, no significant increases in chromosomal aberrations were observed without 
activation. However, when tested with metabolic activation, PFOA induced significant increases in chromosomal aberrations and in polyploidy 
(Mudi 1996b). The effects were observed only at toxic concentrations (EFSA 2008). PFOA did not display mutagenic activity with or without 
metabolic activation in S. typhimurium strains TA98, TA100, TA102, or TA104 (Freire et al. 2008). 

In Wtro data summarized above in Table 3-32 above suggest that PFOA is not a mutagen. A single positive result in S. typhimurium was not 
reproducible by the salne authors and was not replicated in other studies. Potential chromosomal effects were found in CHO cells at to~c 
concentrations, but not in human lymphocytcs. 

PFOA was tested twice in the m Wvo mouse micronuclcus assay. PFOA did not induce any significant increases in micronuclci and was 
considered negative under the conditions of this assay (Mufti 1995, 1996d). G Zhao et al. (2010) used AL cells to determine the nmtagenicity 
of PFOA to mammalian cells. AL cells are a human-hamster hybrid containing CHO-K1 chromosomes and a single copy of human 
chromosome 11. The significance of human chromosome 11 is that it encodes for expression of the human cell surface protein CD59. At 100 
and 200 gmol PFOA, AL cell viability was significantly decreased after incubation for 1, 4, 8, and 16 days. CD59 mutation frequencies were 
increased in AL cells after a 16-day incubation with 200 gmol PFOA. There was no increase in mutations in mitochondria-deficient AL cells 
after incubation with 100 or 200 ~.unol PFOA. 

Cancer Classification (sourec & date): Under the EPA 2005 cancer guidelines, the evidence for the carcinogcnicity of PFOA is 
considered suggestive because only one species has been evaluated for lifetime exposures and 
the tumor responses occurred primarily in males*. (EPA 2016a) 
*Note: unlike male rats, j~male rats rapidly excrew PFOA 

Slope Factor Source, Date of Development: EPA 2016 (NJ has also derived a cancer slope factor see description below) 

Slope Factor Study Quality: Two studies exist one (Butenhoffet a12012) has two treatment groups and was conducted on 
both male and female rats. However, female rots rapidly excrete PFOA. Cancer bioassay data is 
not available in other species (e.g., mice). A follow-up study (Biegel et al 2001) was conducted 
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Describe the Basis for the Toxicity Value: 

only in male rats and utilized only one treatment group (equal to the highest dose grp in 
Butenhoff et al 2012). 

The increase in hepatocellular rumors did not show a direct relationship to dose in male rats and 
was not significantly elevated in either males or females at the high dose when compared to 
controls. There was a dose-related significant increase in LCTs in male rats in the Butenhoffet 
al. study (2012), which was confirmed by the high dose in the single-dose mechanistic study by 
Biegel et al. (2001). The PACT tumors, only detected in the single dose Biegel et al. study 
(2001), do not support quantification. Therefore, dose-response data are only available for the 
LCTs from one study, Butenhoff et al 2012. Two studies involving members of the C8 Health 
Proj ect showed a positive association between PFOA levels (mean at enrollment of 0.024 
gg/mL) and kidney and testicular cancers (Bar~ et al. 2013; Vieira et al. 2013). Therefore, the 
data on LCTs from Butenhoff et al. (2012) were modeled to provide a perspective on the 
magnitude of the potential cancer risk as it compares with the level of protection provided by the 
RfD. 

The dose-response for the LCTs from Butcnhoffct al. (2012) was modeled using EPA’s 
Benchmark Dose Software (BMDS) Version 2.3.1. The multistage cancer model predicted the 
dose at which a 4% increase in tumor incidence would occur. The 4% was chosen as the low-end 
of the observed response range within the Butenhoffet al. (2012) results. Both the first and 
second degree polynomials gave identical goodness-of-fit criteria (p value and Akaike’s 
Information Criterion [AIC]). 

Results frolll EPA’s modeling are shown below: 

Table 4-tl. MuLtistage Cancer M~del Dose Predicti~n Results for a 4% Increase 

in LCT Incidence 

BMD (m~,’~;g;day) BMDL (m~oikgiday) 

First Degree Pol;,:~omial Fit 3.51 1.99 

Second Degree Poly~umial Fit 3.51 1.99 

A[C- 62.6936 P - 0.2245 
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Figure 4-1. BMD Modal Results tbr L(: I ,_ (Butenhoff et al. 2012} 

Thc CSF for PFOS is dcrivcd from thc BMDL04 of 1.99 mgikg/day af~cr convcrting thc animal 
BMDL to a HED using body weights to the ~/; power. The HED is calculated as follows: 

tIED = Animal BMDL x (animal body weight)1/4 + (human body weight)1/4 

ttED = 1.99 mg/kg/day x [(0.523 kg)1/4 + (70 kg)1/4] = |.99 mgikg/day x 0.29 = 0.58 mg!kgiday 
Where." 

1.99 mgikgiday = BMDLo4 for LCTs 
0.29          = DAF 

The CSF is calculated fronl the BMDL04 HED as follows 
CSF response + BMDL04HED 

CSF = 0.04 + 0.58 ~ng/kg/day = 0.07 (mg/kg/day)-1 

The CSF should not be used at doses > 0.58 mg!kg/day, the HED corresponding to the POD for 
the 4% incidence of LCTs following lifetime exposure to PFOA. The observed dose-response 
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relationships do not continue linearly above this level, and the fitted dose-response models better 
characterize the dose-response for the higher exposures. 

iMIXIt Notes: given what is known about the TK of PFOA utilization of the BW scaling default 
approach in inappropriate and would result in underestimating the associated cancer risk. NJ has 
also derived a cancer slope factor based on increased incidence of LCI’s. NJ CSF is 0.021 per 
mgik-d admin dose in rats. See below.] 

Since seam concentrations were not available NJ conducted BMD modeling using administered 
dose. The Gamma and iLog-logistic models gave acceptable and similar results so the values 
were averaged: BMDLiBMDo5 - 2.36/4.23 mgikg-d. For a BMR of 5% this corresponds to a 
cancer potency slope of 0.021 per mg/kg-d adm dose. To convert the administered dose in rats to 
a HED NJ utilized the the TK (half-life) differences between male rats and humans: 840 days/7 
days = 120. Using this value the CSF in rats corresponds to a CSF in humans of 2.52 per mg/kg- 
d (0.021 per mg/kg-d x (840 days/7 days))] 

NOTE: MDH conducted BMD modeling using admmistercd dose. Results: 

Using 4% (same as EPA) -BMDL/BMD~4 = 1 99/3.51 mg/kg-d 

Using 5% (sane as NJ) - BMDI2BMD0~ --- 2.50/4.41 mgNg-d 

Usmg 10% - BMDI ~iB MD~ ~ ---- 5.15/9.06 mgikg-d 

Resulting CSF = 0.02 per mg.&g-d adm dose in rats. 

~II~e default of BW scaling is ~._o__t._._.a_12t2_.r_.o_.priate for calculating HEDs. lfthe oral dose to seam 
con.centration relationship calculated by EPA for similar admin dose levels based on Perkins et 
al ~2004)is used to estimate conespondmg serum concentrations fl~e BM DL values of 1.99 and 
2.5 mg/kg<l would correspond to serum co~centrations of 80.09 a~d 99.73 t~gimL. Using 
0.00014 C1 fl~ese sermn concentrations would correspond to an HED of ~0.011 and 0.014 
m~ikg-d. The resulting CSF would be 3.6 per mgikg-d, which is similar in mag~itude to N J- 
based value (HED calculated using halt~life dii%erences) of 2.5 per mgikg-d but significantly 
higtier tha~ EPA’s BW-scaling based value of 0.07 per mgikg-d. 

"~*~’MDH conducted BMD m odeling and derived a CSF based on LCT :for comparison 
purposes only. MDH does not feel that the existing database is sufficient to supporl a 
quantitative cancer assessment (see below for additional rationale)~’~* 

Supporting Study Description: Basis for EPA cancer classification - The findings tbr cancer in humans provide support for an 
association between PFOA and kidney and testicular cancers; however, the number of 
independent studies examining each of these is limited. 
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The two studies conducted in laboratow animals, both in rats, support a positive finding for the 
ability of PFOA to be tumorigenic in one or more organs of male, but not female, vats. 
Notes: female rats’, unlike male rats and other specles, rapidly excretes tq:OA.] There are no 
carcinogenicity data from a second mfimal species. There are some data that provide support for 
the hypothesis that the PPARa agonism MOA is wholly or partially linked to each of the 
observed tumor types. The data support a PPAR~ MOA for the liver tumors and thus are 
indicative of lack of relevance to humans. PPARa activation also could play a role in the other 
tumor types observed, but more data to support intermediate steps in the proposed MOAs are 
needed. The mutagenicity data on PFOA are largely negative, although there is some evidence 
for clastogenicity in the presence of microsomal activation and at cytotoxic concentrations. 
Given the chemical and physical properties of PFOA including the fact that it is not 
metabolized, binds to cellular proteins, and carries a net negative electrostatic surface charge 
the clastogenic effects are likely the result of an indirect mechanism. PFOA has the potential to 
interfere with the process of DNA replication because of its protein binding properties and the 
fact that histonc proteins, spcrminc and spcrmidinc, carry a net positive surface charge. 

Despite the limitations in the data for the LCTs and PACTs, under the U.S. EPA Guidelines for 
Caminogen Risk Assessment (USEPA 2005a) them is sugges#ve evidence of carcinogenic 
powndal of PFOA in humans. 

~13I:t Notes: the existing database for assessing the carcinogenic potential of PFOA is 

insufficient for quantitative assessment: 

. Onlytwo dose levels were assessed 
o The TK of female mrs is unique and therefore the exisdng database provides 

limited data for 1 sex (males) iu one species (rats)o 
~ No MOA(s) have been identified, however, PFOA is not genotoxic and a 

hormonal mechanism has been suggested as a potential MOA. This MOA wo~fld 
likely have a threshold response. In addition, the dose response from for LCT, 
the only response th:~t can sufficiently be related to exposure, is nonlinear in 
shape. The response at 30 pprn is within historical control levels. In addition, the 
response obsm~,ed at the highest dose level (300 ppm) is limited in magnitude 
(14%). 
Relevance of LCT response in rats to l’mmmas. There are several physiological 
differences between rats and hmnans that indicate rats would be significantly 
more sensitive to Leydig cell tumorigenesis (Cook 1999) (Steinbach 2015). 
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1. Is there evidence of mutagenic mode of action or another mode of action expected to be linear at low doses? 

No 

2. Is there evidence of a nonliuear mode of action (e.g., no evidence of linearity and sufficieut iuformation supporting a nonlinear mode 

of action)? 
EPA 20J 6a: The modes of toxicological/carcinogenic action of PFOA are not clearly understood. However, available data suggest that file 

induction of tumors is likely due to nongenotoxic mechanism involving membrane receptor activation, perturbations of the endocrine system, 

and/or the process of DNA replication and cell division. PFOA lacks the ability to react with and modify DNA, although its electrostatic 

properties would permit interaction with chromosomal histone proteins with a net positive surface charge. 

3. Is there evidence that the mode of action is not relevant to humans? 
Some. PPARa has been suggested as a possible MOA for liver tumors This MOA has been show to not lead to tumor formation (other liver 
effects may still occur) in humans. 

4. Is there evidence of life-stage sensitivity? 
No carcinogenic potency evaluations regarding early-life stages. 

5. Are there structure-activity correlations available? 
No 

6. Is route-to-route extrapolation used? 
Not applicable 

Additional Lifetime Cancer Risk 1 x 10-~ x Conversion Factor 1000 u m 

[(SF x l0 x 0.125 L!kg-d x 2) + (SF x 3 x 0.045 L/kg-d x 14) + (SF x I x 0.041 L/kg-d x 54)] / 70 

*Calculated for �0mparism! purp0ses only* 

SF* Cancer Guideline [ug!L] 

3.6 0.029 

*Enter in Slope Factor 
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Rounded to 0.03 ug/iL 
***Ca|culated for comparison purposes only*** 

Comments: 
Within the EPA Health Effects Document (page 4-20) it states: "Under the EPA 2005 cancer guidelines, the evidence /br the carcinogenicity oj 

PFOA is considered suggestive because only one species has been evaluatedjbr !~[k~ime exposures artd the tumor responses occurred primar@ 

in males. Dose-response data are on~v awtilabie jbr the LCTs in one study. However, two studies involving members q!the C8 Health Project 

showed a positive associalion between PFOA levels (mean at enrolmenl qf O. 024 txg/ml,) and kidney and tesdcular cancers (Barry e~ al. 2013; 

Vie#zt et al. 2013). ThereJbre, the data on LCTs from Butenhoff’et al. (20~ 2) were modeled to provide a perspec~ive on the magnitude q/’~he 

potential cancer risk as it compares with the level of protection provided by, the Rf!). " 

This language is consistent with our derivation of a ’for comparison purposes only’ values. 

Minnesota iDepartment of Health (MDH) 2017) 
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