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Subject: Health Based Values for Perfluorooctanoic acid (PFOA)
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ATTACHMENT

DATA FOR DERIVATION OF GROUND WATER HEALTH BASED VALUE (HBY)

Chemical Name: Perfluoronctanoic Acid (PFOA)
CAS: 335-67-1(acld)

3825-26-1 (ammonium sal, APFO)
2395.00-8 (potassium salt)
335-955 (sodium salt)

Non-Cancer Health Based Value (HBV) = 0.5 ug/L,

= Loxicity value, mg/kg/d) x (relative source contibution) x (1000 um)
(intake rate, L/kg )

=(000014me/kgd) x.(02) x(1000ug/mg)
(0.053 Likglday)

= 05ugl,

Toxicity value 0.00014 me/kg-d (Cynomoigus monkeys)
‘Source of toxicity value: MDH 2007 (RID derived by MDH)
PointofDepartute: LOAEL,3mykg-d
Dose Metric Adjustment: 70 (1 adjust fo halflife duration of 3.8 years in humans versus 20

days in male Cynomolgus monkeys)
“Total uncertainty factor: 300
UE allocation: 3 interspecies toxicodynamic differences, 10 intraspecics variability;

and 10LOAELtoNOAEL (for lack of a no effect dose in th critical
study)

Critical effect(s)*: Increased relative liver weight
Co-citcal effect(s)*: Reducednumberoferythrocytes,reducedbody weight and body

weight gain, developmental effects (decreased weight gin, delayed
developmental progress, hypoactive response in nicotine-induced
behavior test), suppressed IgM titers

Additivity endpoint(s); Hepatic (iver) sysiem, hematopoietic (blood) system, developmental,
immune system

Secondaryeffect(s)* ‘Decreased postnatal survival, increase in the incidence of fuller
resorptions, altered mammary gland development, decreased thyroid
homones (T4 &T3), disruptionof sportancous behavior, changes in
the adenal cortex

©for option of terms se Glossary ested at hp eseliasehrootless id
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Cancer Health Risk Limit (RL) = N/A

Volatile: No

‘Summaryofchanges since 2002 HBV:
Toicity Valve (RID):
Improved toxicokinetic (c.&., half-life) information allowed for the incorporation ofa 70-fold dose-
metric sdjustment based on half-life differences between humans and monkeys anda 10-old decrease in

the total UF. In 2002 a 30-fld factor (3 interspecies extrapolation + 10 subchronic-to-chronic) was used.
10 address uncertainties around toxicokinetic.

Intake rate:
PFOA, unlike most ground water contaminants, hasa long half-life and therefore will accumulate in the
bodyifrepeated exposure occurs over long-periods of time. Eventually the inteenal concentration of
PFOA will reach a plateau (steady-state). The length of time to reach steady state conditions is
equivalent to approximately 5 half-lives. In the caseofPFOA the time to steady-state would be.
approximately 19 years (5 x human half-life of 3.8 years). The intake rat selected for the revised HBV
wasa time-weighted average intake of an upper-end consumer over th first 19 years of life (0.053 L/kg-
9). This take rate incorporates thehigher intake rates early in life Gi.c., infants and children) as well as
the accumulation of the chemical over time.

ConsiderationofSensitive Populations:
Delayed development and growth deficits in the offspring of females mice exposed during pregnancy
have been reported at dose levels similartothe LOAEL ofthecritical study (3 me/kg-d). Studies have:
shown tat the developmental effects are mainly due to exposure during pregnancyratherthan after
birth. PossibleHBV, based on protection of 2 pregnant woman end her fetus, were also calculated. Two
scenarios were evaluated: 1). long-term exposure — exposure to the mother from birth to age 19 years,
and 2) a short-term exposure — exposure to an infant. The long-term exposure scenario incorporated
accumulation over ime and uiized a time-weighted intake rate 0.053 L/kg-d. Theshort.term exposure
scenario did not incorporate accumulation over fime but id iiize a young infantintakerate of 0.221
LJkg-d. The resulting potential HBVforboth scenarios were higher than the HBY base on the selected
critical study in monkeys
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Summary oftoxicity testing for health effects identified in the Health Standards Statute:

Tested? Sec. Yes Yes Yes Yes
Observations’

Toes BvenFg Tor spect Teal Tet wes ro conc Tor his cherie formation Sout UlcH oyavailble ron sues conducted for oes purposes. Mast chemicalshavebeen sect0 mile sees in whichrescrchers dni dos where no effectswere observed,and he lowest dose thal caused oneomere effect. A toxicityvalu based on th ffctobserved a the lowest doactosal avaiable soi i considered protectiveof al obereffectshat cocaatigh doses.

Comments on extent of testing or effects:
* Hormonal perturbations (c.g., decreased thyroxine (14) and triodothyronine (T3) levels) have been
observed in laboratory animalsatdose levels approximately 3-fold higher than the LOAEL and have
‘been identified as secondary effets.
Short-term immunotoxicity studies have shown that PFOA exposure suppresses humoral immunity and

‘may adversely affect cell mediated immunity at doses similar {0 the critical study LOAEL. These effects
have been identifiedasco-critial effects
* Developmental delays, lower body weight weight gain and behavior in offspring have been observed at
dose levels similar 0 the LOAEL. These effects have been identified ss co-citical effect. Atdoses 3-
fold higher than the LOAEL sdditional developmental effects (cecreased pup viability, delays in eye.
‘opening, increased incidence offull-ltterresorption, alterations in mammary gland development) are
observe. Effects occurring at doses approximately 3 old higher have been identified as secondary
effects.
“The results of the2generational study indicate tha fertility is not affected by treatment. Fulliter
resorption was observed at dose levels 3-fold higher than the LOAEL, however, it is unclear whether this
resulted from matecnal toxicity or a direct effec on the developing organism. Altered mammary gland
development during the lactation period was observed in mice exposed to dose level slighily higher
than the critical study LOAEL during pregaancy. Increased incidence of full-iter resorption and
alterations in mammary gland development have been identifid as a secondary effects.
*Hypoactive response to nicotine has been observed in neonatal mice and has been included in thelist of
co-critcal effects A dose-related increase in ataxia in the female ras was reported in the chronic 2 year

studyatdose levels greater than the LOA however, this effect was not observed in males with higher
body burdensorin90day studies utilizinghigher doses. Disruptionofspontaneous behavior following
acute neonatal exposureodoses approximately 3-fold higher than the critical study LOAEL have been
observed and are identified s a secondary effect, The SAB has recommended additional neurological
testing.
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‘Thefollowing sources were reviewed in the preparationofthe HBV:

Andersen, ME, et. al. 2006 Pharmacokinetic Modeling of Saturable, Renal Resorption of
Perfluoroalklecids in Monkeys ~ Probing the Determinants of Long Plasma Half-Lives. Toxicology
227:156-164.

‘Abbot B.CJ Wolf, KP Das, CS Lau. 2007. Roleofperoxisome proliferator activated receptor-clpha
(PPAR) in mediating the developmental toxicityof perfluorooctanoic acid (PFOA) i the mouse. The
Toxicologist (submitted for the 2007 annual SOT meeting).

ACGIH DocumentationofTLV 2001. Ammonium Perfluorooctanoate.

Buteahoff, e al, 2002. ToxicityofAmmonium Perfluorooctanoate in Male Cynomolgus Monkeys After
Oral Dosing for 6 Months. Toxicological Sciences 69:244-257.

ButenhoffJL, et al. 2004a. Pharmacokinetics of peruorooctancate in Cynomolgus monkeys.
Toxicological Sciences 82: 394-406

Butenhoff, et al, 2004b. The Reproductive ToxicologyofAmmonium Perflucrooctanoate (AFO) in the
Rat Toxicology 196: 95-116.

Butenhoffet al, 2004s. Characterization of risk ofgeneral population expasure to perfluorooctanoate.
Reg Tox and Pharm 39:363.380.

Butenhoff etal. 2005. Response to letterto the cditor. Reg Tox and Pham 42:146-147.

CATT 2002. West Virginia Department of Environmental Protection (DEP). August2002. Final
Ammonium Perflucrooctanoate (CS) Assessmentof ToxicityTem (CATT) Report

Clewell HJ, Tan YM, Andersen ME. SocietyofRisk Analysis presentation Dec. 2006. Application of
Pharmacokinetic Modeling to Estimate PFOA Exposures Associated with Measured Blood
Concentrations in Human Populations. Abstract M2-C.1.

‘DeWit IC, CB Copeland and RW Licbke. 2007. Dose-responseofperfluorooctanoic acid-induced
immunomodulation in adult CSTBLI6 mice. The Toxicologist (submitted for the 2007 Annual SOT
meting).

Emmet E, et al. 2006a. CommanityExposure to Perfluorootanoate: Relationships between serum
levels and certs health parameters. JOEM 48(8)771-79.

Exnmelt E, et al. 2006b. Community Exposure to Perfluorooctanoate: Relationships between scrum
‘concentrations and exposure sources. JOEM 48(8)759-70.

Fenton SE, C Lau, EP Hines, JR Thibodeau, and SS White. Long-term health effectsofPFOA after
prenatal and lactational exposure in mice. The Toxicclogist submitted for the 2007 Annual SOT
meeting).
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Food Standards Agency (a United Kingdom Government Agency), Committee on Toxicityof Chemicals
in Food, Consumer Products and the Environment. Second Draft Working Paper on the Tolerable Dily
Intake for Perflourooctanoic Acid (May 2006).

Food Standards Agency (a United Kingdom Goverment Agency), Committee on Toxicityof Chemicals
in Food, Consumer Products and the Environment. Mints ofthe July 11, 2006 meeting.

Food Standards Agency, Commitee on Toxicity (COT)of Chemicals in Food, Consumer Products and
the Environment. COT Statement on the Tolerable Daily IntakeforPerfluorooctanoic Acid (November
2006),

‘Genman Ministry of Health Drinking Water Commission. Provisional evaluation ofFFT in drinking
‘water with the guide substances pesfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) as
examples. July 13,2006. hitp//snsnv.umweltbundesamt.defuba-info-presse-e/hintergrund/pf.in-crinking.-
water pdf

Guruge et al, 2006. Gene Expression Profiles in Rat Liver Treated With Perfluorooctanoic Acid (PFOA).
Tox Sci 89(1)93-107.

Henderson WMand MA Smith 2007. Perfluorooctanoic acid (PFOA)andPerfluorononanicacid (PFNA)
in Fetal and Neonatal Mice Following In Utero Exposure to 8-2 Fluorotelomer Alcohol (FTOH).
Toxicological Sciences 952)M52-61.

Hinderliter, PM, E Mylchreest, SA Gannon,JL Butcahoff, GL Kennedy Jr. 2005. Perfluorooctanote:
Placental and lactational transport pharmacokinetics in rats. Toxicology 211: 139-145,

Hinderliterct al, 2006. Ago effect on perfluorooctanoatc (PFOA) plasma concentration in post-veaning
sats following oral gavage with ammonium perfluorooctanoate (APFO) Toxicology 225:195-203

Johansson, N, et al, 2006. Neonatal exposure 0 perfluorooctane sulfonate (PFOS) and
perflucrooctanoic acid (PFOA) causes derangedbehaviour and increased susceptibilityof the cholinergic:
system in adult mice. The Toxicologist Abstrect# 1458

Karman A, | Ericson, B van Bavel, PO Damerud, MAune, A Glynn, S Lignell indG Lindstrom. 2006.
Exposure of Perfluoroinated Chemicals through Lactation — LevelsofMatched Human Milk and Serum
and a Temporal Trend, 1996 ~ 2004, in Sweden. EHP Online November 2006.

Kennedy ct al., 2004. The Toxicology of Perfluorooctanoate. Critcal Reviews in Toxicology 34(4)351-
383.

Kudo N and Y Kawashima 2003. Toxicity and tosicokinelics of perfluoroocianoic acid in humans end
animals. The Joumalof Toxicological Sciences 28(2)49-57.

Lau, C, JL Butenhoff,andJM Rogers. 2004. The developmental toxicity of perfluroalkyl ids and their
derivatives. Tox Appl Pharm 198:231241
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US. Environmental Protection Agency. November 4, 2002. Revised Draft Hazard Assessment of
Perfluorcoctancic Acid and is Salts.

USS. Environmental Protection Agency. October 2004. Etimied Per Capita Water Ingestion and Body
‘Weight in the United Sates - An Update. hup/ww.epa.gov/vterscience/drinking/percaita)
USS. Environmental Protection Agency. January 4, 2005. Draft Risk Assossment of the Potential Human
Health Effects Associated with Exposure to Perfluorooctanoic Acid and Is Salts
hpi pagovioppUploalpfoarisk him

USS. Environmental Protection Agency. May 2006. SAB Review: of EPA's Draft Risk Assessment of the
Potential Human Health Effects Associated with Exposure to Perfluorooctanoie Acid and Is Salt,
hp: epagovisab/pdisab 06006pdf

US. Environmental Protection Agency. Nov. 17, 2006. Memorendu to Walker Stith rom
Christopher Weis: Hazard Evaluations and Revised Site-Specific Threshold for Perfluorooctanoate
(PFOAorC8; CAS #335.67-1) in drinking water near the DuPont Washington Worksfacility, West
Virginia.

USS. Environmental Protection Agency. Nov. 20, 2006. SDWA 1431 ConsentOrder~ DuPont
Washinglon Works Facility www. epa goviregion03enforcementdupont order.pdf

White SS, AM Calafat, Z Kuklenyik, LT Willanueva, RD Zehr,L Helfant, MJ Strynar, AB Lindstrom,
IR Thibodeaux, C Wood, andSEFenton. 2007. Gestational PFOA Exposure of Mice is Associated with
Altered Mammary Gland Development in Dams and Female Offspring. Toxicological Science 96(1),
133-144.

Wolf, CJ, SE Fenton, JE Schmid, AM Calafat, Z Kuklenyik, XA Bryant, J Thibodeaux, KP Das, S$
‘White, CS Lau, and BD Abbott. 2007. Developmental Toxicity of perfluorooctanoic acid (PFOA) in the
CD-1 Mouseafter Cross Foster and Restricted Gestational Exposures. Toxicological Science 95(2),
462-473.
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Lau,etal. 2005. Pharmacokinetic evaluationofperfluorooctanoicacid nthe mouse. Toxicologist (Abstract
#1232)

Lau et al, 2006.Effectsof perfluorooctanoic acid exposureduring pregnancy in the mouse. Tosicological
Sciences 90(2)S10-518.

LauC, B Abbott, and DC Wolf. 2007. Perfluorooctanoic aidand WY 14,643 treatment induced peroxisome:
proliferation in livers of wild-type but not PPARa-null mice. The Toxicologist (submitted for the 2007
annual SOT meeting).

Loveless et al., 2006. Comparative responses of rats and mice exposed to lincarbranched, linear, or
branched ammonium perfluorooctanoate (APFO). Toxicology 220: 203-217.

Luebke et al, 2006. Evaluation of perfluorooctanoic acid immunotoxicity in adult mice. Tosicologist
(Abstract #255).

New JerseyDepartment of Environmental Protection. 2006 Draft preliminary Health-besed Guidance for
PFOA in Drinking Water at Pennsgrove Water Supply Company.

Ohmori K, N Kudo, K Katayama, ¥ Kawashima. 2003. Comparison of the toxicokinetics between
perfluorocarboxylic acids with different carbon chain length, Toxicology 184:135-140.

Olsen et al., 2003. Perfluorooctancsulfonate and Other Fluorocheanicals in the Serum of American Red
Cross Adult Blood Donors. Environ Health Perspec 111:1892-1901.

Olsen etal. 2004. Quantitative Evaluationof Perfluorooctanesulfonate (PROS) andOther Fluorochemicals
in the SerumofChildren. Journal of Children’s Health 2:53.76.

Olsen et al, 2005. Evalustionofthe half-life (112)ofeliminationof perflucrooctanesulfonte (PFOS).
perfluorohexanesulfonate. (PFHS) and perfluorooctanoate (PFOA) from human serum. FLUOROS:
Intemational Symposium on Fluorinated Alky Organics in the Eavironment, TOXO17.

Rosen MB, BD Abbott, JR Schmid,RD Zehr,KPDas, CJ Wolfand C Lau. 2007. Gene profilingin wild.
type and PPAR null mice exposed to PFOA. The Toxicologist (submitted for the 2007 Annual SOT
meeting).

Sak, C,R Leonard, M Cullen. 2006. Twenty-five year longitudinal studyofserum total cholesterol elated
10 a serum biomarker of exposure (serum perfluorooctanoste or PFOA) in apolymer production plant.
Presentation at the American Occupational Health Conference, May 2006.

“Takacs ML and BD Abbot. 2007. Activation of Mouse and Human Peroxisome Proliferator-Activated
Receptors (a, 5,7)byPerfluorooctanoicAcidandPerfluorooctane SulfonateToxicological Sciences95(1).
108-117.

‘Thayer,K. 2002. Environmental WorkingGroup: Prfluorinaiedchemicals: Justificationfor inclusionofthis
chemical class in the national report on human exposure to environmental chemicals
http/swnw. wg orglreports/pfeworldlpd EWG.CDC. pdf
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